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1 Introduction 

1.1 Background 

1.1.1 This document has been prepared in support of the Alternative Fish impact 
Assessment Results (Tidal Lagoon Swansea Bay (TLSB), July 2016) paper and is 
submitted in response to requests for clarifications made by Natural Resources 
Wales (Technical Experts) (NRW(TE)) and Cefas on the proposed mitigation, 
monitoring and offsetting to be incorporated into the Project, through the 
Marine Licensing process for the Project.

1.1.2 NRW(TE) and Cefas, as advisors to the NRW Marine Licensing Team (MLT), have 
set out matters where further clarification is requested for the Project, from 
TLSB. Agreement of these matters is being sought through the provision of 
further information. 

1.1.3 It has been agreed that in principle a condition with regards to monitoring the 
impacts to fish, design embedded mitigation, offsetting and any associated 
adaptive management measures can be included in the Marine Licence. Prior to 
the determination of the Marine Licence, key matters for which clarification is 
sought by relevant parties, is with regard to the mitigation, monitoring and 
offsetting proposed by TLSB in the delivery of the tidal lagoon at Swansea Bay 
(the Project) and evidence of the feasibility and deliverability of such proposals.  

Draft without prej udice 

1.1.4 This document has been prepared to provide clarifications requested and to aid 
discussion and ultimately the determination of the Marine Licence. Mitigation 
measures are confirmed and framework proposals for monitoring and offsetting 
are provided, to clearly set out TLSB’s commitment to the provision of 
monitoring and offsetting measures, which will be reviewed and adapted (as 
required) through the adaptive environmental management plan process 
(AEMP). 

1.1.5 The options presented for both monitoring and offsetting are those measures 
that have been identified at this stage, at a high level, to provide reassurance 
that monitoring proposals and any offsetting required can be implemented using 
currently best available techniques. It is intended that the final suite of 
monitoring proposals and offsetting measures would be developed in detail prior 
to construction and operation of the lagoon and in consultation with relevant 
advisors. This will allow refinement and optimisation of proposals, taking 
advantage of developments in technology and in line with best practice and 
guidance.   

1.1.6 The remainder of this document sets out the requested clarification, as follows: 
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1.1.7 Section 2 Mitigation: This section provides a summary of the design embedded 
mitigation proposed for the Project as well as mitigation relevant to fisheries 
impacts which were set out and considered as part of the Environmental Impact 
Assessment (EIA). Mitigation is provided to reduce and where possible remove 
any impacts identified and includes a combination of best practice and project 
specific design measures. The summary provides confirmation of where such 
mitigation is secured through the planning process. Measures were described 
within Chapter 9 of the Environmental Statement (ES) and detailed descriptions 
of such measures will be included in the documents prepared to discharge the 
DCO requirements and Marine Licence Conditions. 

1.1.8 Section 3 Monitoring Framework: This section presents a framework of 
monitoring proposals for the Project, relevant to fisheries impacts. Through 
discussions with regulators and their advisors, perceived uncertainties within the 
fisheries impact assessment have been highlighted, in particular with respect to 
Individual-Based Modelling (IBM) and turbine encounter rates. To support the 
original assessment and to provide reassurance in the modelling methods 
applied, input parameters and assessment outcomes, a range of sensitivity 
testing and development of alternative assessment approaches has been 
undertaken by TLSB to reach agreement on the level of impact identified for fish 
Valued Ecological Receptors (VERs). The detail of these assessments and the 
results of the modelling undertaken are presented in the Alternative Fish Impact 
Assessment Results (TLSB, July 2016) paper.  

1.1.9 Whilst the alternative approaches can provide reassurance in the predicted 
impact levels, assumptions are necessarily applied within modelling and 
uncertainties remain, particularly with regards to fish behaviour, both in terms of 
the likelihood of fish encountering turbines and fish behaviour at turbines. To 
improve understanding of potential impacts, to validate predictions made within 
the ES and to reduce levels of uncertainty for any future lagoon proposals, a 
variety of monitoring is proposed by TLSB and this is set out within Section 3. 

1.1.10 Section 4 Offsetting Framework: This section presents a framework of offsetting 
options that are available and identified by TLSB, to provide appropriate 
offsetting for predicted impacts, where required. The alternative scenarios 
developed by TLSB have been produced to provide reassurance in the impact 
levels predicted and to aid discussions in reaching agreement on those impact 
levels and the need for any offsetting measures to reduce uncertainty. The 
Alternative Fish Impact Assessment Results (TLSB, July 2016) paper details the 
results of the alternative scenarios produced against the original impact 
assessment conducted in support of an application for development consent. 
Predicted impact levels indicate that two species; Atlantic salmon and sea trout, 
may require offsetting on a precautionary basis and the detail of the assessment, 
the framework proposals for delivering necessary offsetting requirements and 
the process to delivering those measures are set out in Section 4. 
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1.1.11 Figure 1 below outlines the process that will be followed in the development of 
the various elements of the fisheries mitigation, monitoring and offsetting, and 
the stages at which there will be opportunities for review, consultation and 
agreement with NRW. 

1.1.12 TLSB commit to the development of a package of monitoring and offsetting 
proposals for impacts identified above 2% threshold criteria agreed, which, 
where possible, will be in place post-construction of the Project. The full details 
of the final package of monitoring and offsetting measures will be detailed within 
a Fish Monitoring and Offsetting Strategy agreed with NRW prior to operation of 
the Project, mirroring the Fish and Shellfish Mitigation Strategy to be prepared 
for the DCO.  

1.1.13 Section 3 of this document provides the monitoring measures that are currently 
available to TLSB for monitoring of potential fisheries impacts, while Section 4 of 
this document sets out proposed offsetting work packages that have been 
developed to provide reassurance that necessary offsetting is available.  These 
proposals will be further explored and developed in detail, following Marine 
Licence consent and presented to NRW within the Fisheries Monitoring and 
Offsetting Strategy prior to commencement of construction of the Project. 

Figure 1: Monitoring and offsetting process showing opportunities for review and 
consultation with NRW. 
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2 Mitigation 

2.1.1 Within the draft SoU provided by NRW MLT, Matter 3.19 requested clarification 
of any mitigation proposals, including those related to adaptive management and 
evidence of their feasibility and deliverability. To provide the requested 
clarifications, Table 1 presents a summary of the design embedded fisheries 
mitigation for the construction and operational phases of the Project. 

2.1.2 For completeness the predicted impact is presented alongside the mitigation 
proposed. Information is also provided regarding the methods for securing 
mitigation measures identified and, where relevant, links to the Adaptive 
Environmental Management Plan (AEMP).  The AEMP is secured by Requirement 
6 of the Development Consent Order (DCO) and is also likely to form a condition 
of the Marine Licence for the Project. 
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Table 1:  Summary of fisheries mitigation for construction and operation phases 

 Impact Mitigation Secured 

 Fisheries mitigation – construction 

1 Suspended sediment and 
deposition 

a. Seafloor disturbance limited to redline area of (use of buoys and 
distribution of worker awareness information). 

b. Adherence to best practice guidance (Marine Minerals Guidance 1: 
Extraction by dredging from the English seabed ODPM 2002) and other 
industry standards.  

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

d. Preventing on-board screening or minimising material passing through 
spillways when outside the dredging area to reduce the spread of the 
sediment plume. 

e. Targeting of sediments approved by Cefas for re-use in seawall 
construction and any temporary sediment bund for construction of 
turbine/sluice gate housing to reduce re-suspension of metals. 

Where appropriate measures will be 
included within the Construction 
Environmental Management Plan 
(CEMP) (DCO Requirement 5) and 
marine contractor documentation. 

Information from 2013 and 2014 site 
investigations confirmed that 
sediments within dredged areas 
were appropriate.  Re-sampling and 
submission of data to NRW(MLT) will 
be undertaken prior to marine 
construction in support of the 
Marine Licence. 

 2 Increases in underwater noise 
and vibration 

a. Low-noise piling techniques (e.g. vibropiling) would be the preferred 
method for offshore construction to reduce impacts on wildlife.  

b. Soft start’ piling procedures, in accordance with the Joint Nature 
Conservation Committee (JNCC) will be adopted for percussive impact 
piling to minimise impacts when this technique is used. 

Mitigation will be implemented 
through the piling method statement 
which is secured by DCO 
Requirement 19. 

 3 Potential effect on migratory and 
other fish accessing River Neath 
during directional drilling of cable. 

a. Siting of drill compound at a suitable distance from water's edge 
(minimum of 10m). 

b. Implementation of standard pollution control measures during works as 
identified within the CEMP. 

Siting of the drill compound will be 
secured within the TCPA and the 
pollution control measures will form 
part of the CEMP for the cable route. 
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 Impact Mitigation Secured 

 4 Loss of habitat and habitat 
modification (e.g. lithophilic 
spawners such as herring) 

a. Introduce spawning material (recycled from within the Lagoon work areas 
where possible) at the base of the western seawall for use by fish which 
utilise substrate to spawn (e.g. herring).  Where possible, media to be 
placed at the foot of the western lagoon wall in first year of construction 
so that it will be available for herring to use  in the following year. 

Mitigation is integral to the Project 
design and is secured through DCO 
Requirement 27, part 3a. 

5 Damage to fish during drainage of 
the temporary cofferdam 

a. If appropriate in terms of H&S, netting to be carried out at an appropriate 
stage during dewatering in order to remove any trapped fish.  

b. Through targeted trawls, shellfish would be removed from the temporary 
cofferdam in advance of works.  

Mitigation will form part of the Fish 
and shellfish mitigation strategy 
(DCO requirement 27). 

6 Potential loss of native oysters 
within footprint 

a. Targeted oyster dredge trawls to be undertaken across the proposed 
dredging areas prior to commencement of construction and the 
translocation of native oysters.  

b. Native oysters to be translocated to an appropriate site whilst 
construction works are ongoing. 

Mitigation measures are secured 
through DCO Requirement 27, Part 
2b. 

7 Loss of recreational fishing 
grounds 

a. Minimise the size of the exclusion zones, where possible and safe to do so, 
thus allowing recreational fishermen to transit more freely across the bay 
during the construction phase of the project.  

Exclusion zones will be implemented 
through Article 23 of the DCO ‘Safety 
of Navigation’ and the CEMP (DCO 
Requirement 5) and the marine 
contract. 

8 Impact on diaadromous fish and 
rod catch – piling and loss of 
foraging habitat 

a. Use of Good Practice Guidelines for piling and dredging.  
b. Minimised sediment plume during construction, where possible.   

Good practice measures will be 
implemented through the CEMP 
(DCO Requirement 5).  

Piling method statement secured by 
DCO Requirement 19. 
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 Impact Mitigation Secured 

 Fisheries mitigation – operation 

9 Injury or mortality of fish from 
contact with turbines 

a. Design of 7.2m variable speed, 3 blade turbine, incorporating significantly 
reduced shear stress resulting in, on average, a greater than 50% reduction 
in mortality through the turbines compared to ES submission.  (See 
Technical Note Turbine selection-minimising impacts on fish including CFD, 
November 2015).   

Mitigation is integral to Project 
design and secured through 
Requirement 33 ‘Turbine and Sluice 
Gates’. Monitoring of turbines will be 
undertaken through the AEMP 
Objective F1. 

10 Increases in light emissions. a. Design of illumination would be directional and would be centred on 
landward elements and walkways. 

b. The illumination of the water surface, especially outside the lagoon, would 
be avoided where possible. 

c. The use of white mercury vapour lamps will be avoided. 

The Project lighting strategy is 
secured by DCO Requirement 25, 
Part 2c. 

11 Waterborne noise and vibration 
from recreational activities. 

a. Recreational activities within the Lagoon will be encouraged in designated 
sites, with quieter areas identified in other locations. 

Mitigation is implemented through 
the Operational Environmental 
Management Plan (OEMP) which is 
secured by DCO Requirement 5, part 
3. 

12 Physiological and behavioural 
impacts of electromagnetic fields 
on electrosensitive and 
magnetosensitive fish 

a. Electrical cables from the turbines will be buried within the lagoon 
seawall, above high tide level. 

b. Cables beneath the Neath will be drilled to appropriate depth (10m below 
the river bed OD) or screened. 

Positioning of electrical cables is 
integral to Project design.   

13 Loss of commercial  fishing 
grounds  

a. Provision of hatchery facilities which could allow for the potential  rearing 
and introduction of lobster,  shellfish and/or fin fish species. 

b. Anticipated that the lagoon wall itself will act as a productive reef which 

Hatchery forms part of S106 for 
Project. Monitoring of the 
performance of the hatchery facility 
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 Impact Mitigation Secured 

will assist in populating adjacent fishing grounds.  will be through Objective ME6 and 
survey S21 of the AEMP. The 
hatchery will be specifically 
developed to encourage the re-
introduction of the native oyster 
within Swansea Bay, however, raising 
of other native fish species and 
lobster will be trialled at the 
appropriate time. The success of the 
hatchery trials will be reported to the 
Topic Review Group. 

14 Loss of recreational fishing 
grounds 

a. Design of the seawall to encourage a range of fish species.  
- herring spawning media to add diversity to the western landfall; 
- Seek to introduce rock rolls within the lagoon; 
- Use of concrete or similar rough surface bio-blocks to encourage 
colonisation; 

b. Opportunities for shore-based anglers to fish within a range of water 
depths thus providing greater catch diversity.  

c. Safe fishing platforms included in the design of the lagoon seawall. 
d. Angling opportunities: platforms with disabled access - the lagoon seawall 

will allow disabled anglers and those with mobility difficulties new 
opportunities to fish with relative ease, in appropriate weather conditions. 

Fisheries mitigation is integral to 
Project design.  Monitoring of catch 
from Lagoon facilities will be through 
AEMP Objective F3. 

Further detail on habitat 
enhancement proposals, including 
reef rolls and bio-blocks is provided 
within the Habitat Strategy which is 
secured through DCO Requirement 
29 and will be agreed in consultation 
with NRW. 
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3 Monitoring Framework 

3.1.1 Within the draft SoU provided by NRW MLT, Matter 3.23 requested clarification 
of any monitoring proposals, including those elements linked to adaptive 
management, to provide evidence of their feasibility and deliverability.  

3.1.2 To provide the requested clarification, Table 2 presents a framework of the 
monitoring proposed for the Project, during construction and operation. 
Monitoring proposed has been developed to increase understanding of the 
potential environmental impacts of lagoon projects and to reduce uncertainty 
around assumed behaviours, to inform future lagoon assessments. The options 
presented are those measures that have been identified at this stage, to provide 
reassurance that monitoring measures identified can be implemented and for 
each type of monitoring proposed, the feasibility and deliverability of the 
proposals are highlighted.  

3.1.3 The final suite of monitoring will be developed in detail prior to construction, in 
consultation with relevant advisors, and where appropriate will be further 
developed prior to operation taking on board any developments in technology, 
trialling of methods or refinement to optimise the monitoring proposed.  

3.1.4 The key objectives of the monitoring framework presented in Table 2 are to: 

1. Further understand fish behaviour around the turbine house/sluice gates 
to increase knowledge;  

2. Further understand the impact performance of Andritz turbines to validate 
predictions made in the ES through the STRIKERv.4 model and to inform 
future lagoon proposals;  

3. To reduce uncertainty with respect to the Individual-Based Model (IBM) 
and input parameters applied (swim speed, directedness, navigational 
period and swimming depths), where possible, to validate predictions 
made in the ES and to inform assessment of future lagoon proposals;   

4. To understand any broad scale changes within the bay as a result of the 
Project and to gain an understanding of the fish diversity associated with 
the lagoon seawall;  

5. To gain an understanding of the effectiveness of the lagoon seawall and 
the spawning media, as habitat able to support herring spawning activities 
within the Bay; and 

6. To confirm the effectiveness of any offsetting proposed. 
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3.1.5 The above objectives will be achieved through a range of dedicated surveys 
which will be implemented and reported through the AEMP for the Project.  The 
AEMP is secured by DCO Requirement 6 and is also likely to form a condition of 
the Project Marine Licence. As part of the AEMP process, the results of the 
monitoring surveys will be regularly reported and this will include of review of 
methods applied. The adaptive nature of the AEMP will allow monitoring to be 
refined and optimised through time as necessary to ensure the objectives of 
monitoring are achieved wherever possible. 

3.1.6 A framework of surveys associated with each Objective is provided in Table 2 
along with the relevant link to the AEMP. Specific linkages that demonstrate how 
the monitoring proposed will inform the various parameters and assumptions 
used within the three turbine encounter models are provided in Table 3. 

3.1.7 Programmes for the development of the monitoring proposals have been 
prepared, as shown in Tables 4 to 6, and for the offsetting proposals as shown in 
Table 8, to demonstrate TLSBs commitment to carrying out these activities. This 
work is ongoing but detailed studies and trials would necessarily be developed 
following the determination of the Marine Licence due to the level of investment 
and resourcing required. The programme for monitoring options provides a step 
wise approach to those surveys which are not standard practice, where 
technology is under development and for which therefore, trials may be needed 
in order to define measures proposed. Monitoring for those surveys which are 
standard practice, or are ongoing and therefore already proven, such as the 
intertidal and subtidal fish surveys and ichythoplankton surveys are detailed 
within the AEMP under appropriate Objectives (F2 and F3 respectively). 

3.1.8 Options for monitoring during operation have been discussed with NRW(TE) and 
it was confirmed that they were not aware of any other possible monitoring 
options currently available. Therefore, TLSB consider this to be as comprehensive 
a monitoring programme as is possible at this stage. As detailed development 
and trials of the various operational monitoring methods are undertaken, it may 
become apparent that additional techniques will be useful, or technology may 
advance to the extent that new techniques may become available. Through the 
AEMP the monitoring programme will be reviewed on an annual basis and 
amended, if appropriate, to enable any industry improvements to become 
incorporated into monitoring design and to tailor an optimum, future monitoring 
programme. 
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Table 2: Framework of Fisheries Monitoring 

Objective Key surveys  Implemented through AEMP 
Objective/ 

Timing of surveys 

1. Further understand fish 
behaviour around the 
turbine house/sluice 
gates to increase 
knowledge  
 

2. Further understand the 
impact performance of 
Andritz turbines to 
validate predictions 
made in the ES through 
the STRIKERv.4 model 
and to inform future 
lagoon proposals; 

 

a. Use of hydro-acoustic cameras (e.g. DIDSON™/ ARIS™/ BlueView™ cameras). 
 
Overview - The turbine house will include appropriate fittings for the installation of a 
hydro-acoustic camera adjacent to each of the turbine intakes, both inside and outside of 
the turbine house.  Fixings will also be positioned on some of the sluice gates. Note, the 
stop-log slots either side of the turbines and sluice gates could provide a suitable 
mounting point for a ‘monitoring’ frame that could be lowered into position and 
withdrawn for maintenance. Two hydroacoustic cameras will be positioned below the 
water surface to maximise sampling volumes covering the intake or draft tube exit of the 
turbine. Cameras will be fitted to one turbine initially as a pilot and then following testing, 
further cameras will be installed on a number of the other turbines and sluices. The 
cameras will be used to collect data under a range of conditions, with the cameras being 
moved to different turbines/sluice gates over a period of time, as part of the monitoring 
strategy developed in consultation with relevant stakeholders.   
 
Note:  A key limitation of the cameras is the ability to identify fish species from the images.  
For species identification, primarily three characteristics are available: -- 
- Frequency characteristics, such as dB difference; 
- Fish school morphological and positional characteristics; and 
- Individual fish behavioural characteristics.   
 
The potential to identify species will be further investigated through review of more 
recent studies and liaison with camera manufacturers.  The development and/or 
availability algorithms to process data from the cameras will also be of key consideration, 
to allow long term data sets to be collected.   The use of tail race netting (see below) will 
also be applied, where possible, to further inform data interpretation.  Notwithstanding 
the identification limitation, the images will provide further information on the numbers 

Objective F1 

Pre-operation trials of camera 
systems in year 2 and 3 of 
construction. 

Operation assessment surveys 
will be focussed in year 1 of 
operation.   
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Objective Key surveys  Implemented through AEMP 
Objective/ 

Timing of surveys 

and size of fish in the vicinity of the turbine house as well as their behaviour around the 
turbines whilst on-hold, as they start to generate and whilst pumping.  This will further 
inform an understanding of any avoidance behaviour around the turbine intake and risk of 
entrainment.  
 
Feasibility - In recent years hydroacoustic cameras have evolved, improving their 
effectiveness and making them a more popular tool for monitoring and fish counting in 
rivers as well as for studies, including in relation to hydro-kinetic turbines, in the marine 
environment (e.g. Verdant Power, East River, New York). In order to ensure that the most 
appropriate system is chosen for monitoring the intakes of the tidal lagoon, trials will be 
undertaken during year 2 and 3 of construction.  The trials will be undertaken both within 
Swansea Bay, where there is a high natural level of suspended sediments, as well as in fast 
flowing marine currents to mimic the intakes of the turbines.  The trials will focus on the 
ability to detect fish and their behaviour and, where possible, identify different species.   
 
Deliverability - Hydroacoustic cameras are readily available with at least three 
manufacturers having appropriate technology.  As discussed above the processing of data 
using algorithms will also be considered when choosing the system. Fixings will be 
provided on the turbine house such that cameras can be positioned at various locations. 
Discussions with the manufacturers of the hydroacoustic cameras indicate that depending 
upon the conditions the most advanced cameras can have additional lenses added and 
adjustable frequency, enabling an appropriate balance between resolution and distance to 
be obtained to optimise the cameras for monitoring at turbines.  
 
An initial test of one hydro-acoustic camera manufacturer’s kit is being arranged at 
present, with the intention to test the kit over Summer 2016 in a range of flow and 
turbidity conditions and at a range of locations.  
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Objective Key surveys  Implemented through AEMP 
Objective/ 

Timing of surveys 

b. Tail race netting 

Overview - Netting surveys will be undertaken to gain further understanding of fish species 
entrained by the turbines and sluices and the extent of any injuries which may be 
attributed to passage via either structure. Tail race netting will be undertaken by either 
positioning a small fishing vessel with a bass trawl (surface / midwater rigged otter trawl) 
downstream of a turbine, or by attaching an appropriate net to fixings on the turbine 
house.  The trawls will be undertaken on the flood tide (into the lagoon) over a defined 
period and for each sampling period, flow from one turbine, fitted with acoustic cameras, 
would be monitored. A similar approach will be undertaken with the sluice housing to 
provide evidence of fish passage via this route.  

Direct capture of specimens and assessment of condition following turbine passage will be 
validated against the hydroacoustic camera data, which will allow for subsequent 
extrapolation of data sets.  

‘Control’ samples to assess for net-related damage to fish will be obtained by operating the 
same trawling gear actively in open water at a large enough distance from the turbines to 
eliminate the risk of capturing turbine damaged fish.  In turbine, sluice and control cases, 
samples of fish will be examined for pathological conditions that can be attributed to 
turbine passage rather than netting damage, including lacerations / body severing / 
decapitation, spinal damage / torsion injuries, scales loss, haemorrhaging, eye embolisms, 
and swimbladder rupture. 

Tail race netting may also be considered to be used in conjunction with the Sensorfish 
surveys (see below). The use of tail race netting, along with Sensorfish will be trialled in a 
variety of high flow and high turbidity environments to ensure the equipment used is 
optimised for use by the Project. 

Feasibility - Two options for netting (mobile and fixed) will be considered to maximise 

Objective F1 

No baseline or construction 
surveys. Surveys will be 
focussed in year 1 of 
operation.   



Draft without prej udice  

 Tidal Lagoon Swansea Bay Plc   

 

Tidal Lagoon Swansea Bay plc – Fisheries Assessment: Mitigation, Monitoring and Offsetting Framework 14 
TLSB/ML/Fish/MitigationMonitoringOffsetting  

 

Objective Key surveys  Implemented through AEMP 
Objective/ 

Timing of surveys 

survey options to allow for health and safety considerations.  Netting would be undertaken 
within the lagoon on the flood tide generation, thereby minimising potential interactions 
with other users of Swansea Bay. 

Deliverability - The turbine and sluice house will include appropriate fittings for the 
attachment of nets and/or netting cables across the exit of the draft tubes (nets may need 
to be positioned downstream rather than directly across the mouth of the draft tubes) . 
The lagoon will have a slipway which will allow for the launching of an appropriate survey 
vessel for mobile netting. 

c. Sensorfish surveys  

Overview - Sensorfish surveys are proposed to further understand the conditions 
encountered by all fish species as they pass through the turbines or sluices.  Sensorfish are 
deployed in turbines, spillways, and sluiceways and measure changes in pressure, angular 
rate of change, and linear acceleration during passage.  
 
Approximately smolt-sized, the Sensorfish is a polycarbonate cylinder containing triaxial 
accelerometers, a pressure gauge, and rate gyros that measure angular rotation. It is 
reusable and contains modules that charge its internal battery, program the sensor 
settings, acquire data, and convert analogue signal to digital form. The acquired data, 
collected at a 2,000 Hz sampling frequency over a recording time of up to approximately 4 
minutes, are stored on an internal memory card and transferred to computers via a 
wireless infrared link using an external infrared link modem.  
The Sensorfish, or similar product, is an effective tool to gather information to characterise 
fish passage conditions (including shear forces, collisions with structure, acceleration, and 
pressure). This data will be used to confirm the assumptions made in the StrikerV4 model 
and will be used to inform future turbine designs.  

Feasibility - The use of Sensorfish to study the effects of passage through hydropower 

Objective F1 

Pre-operation investigation 
into most appropriate 
Sensorfish system for the 
Lagoon. 

Operation assessment surveys 
will be focussed in year 1 of 
operation.   
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Objective Key surveys  Implemented through AEMP 
Objective/ 

Timing of surveys 

projects is increasing and, as such, so is their development. Studies at the Ice Harbour Dam 
on the Snake River, Colombia in 20141, successfully collected data from a number of 
Sensorfish providing in situ measurements of 3D linear accelerations, 3D rotational 
velocities, 3D orientation, pressure, and temperature at a sampling frequency of 2048 Hz. 
Each sensor was calibrated and evaluated in the lab and the relative errors of the pressure, 
acceleration and gyroscope were determined to be within •+/-2%, •+/-5%, and •+/-5%, 
respectively, by laboratory acceptance testing.   

The use of Sensorfish is expanding with future project usage being developed throughout 
the USA, Australia and SE Asia (Pacific Northwest National Laboratories). 

Further investigation and liaison with developers will be undertaken prior to operation, 
such that the most appropriate system for the Lagoon is identified. 

Deliverability - There are a range of products currently available on the market.  Whilst 
Sensorfish tend to be around smolt size (9 - 16 cm) they can be used to validate some of 
the assumptions made in the Striker v.4 model.  Although not essential, tail race netting 
would be considered to ensure the retrieval of the Sensorfish during trial and also to relate 
any fish damage to the conditions within the turbine (as measured by the Sensorfish). 
Further details of the Sensorfish technology are provided in Appendix 1. 
 
TLSB have contacted manufacturers of Sensorfish (with the intention to run trials of this 
equipment post-determination of the Marine Licence), and there is the potential to trial 
Sensorfish within laboratories with flume tanks. 

                                                           

1 Design and implementation of a new autonomous sensor fish to support advanced hydropower development (2014) Deng et al. 
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Objective Key surveys  Implemented through AEMP 
Objective/ 

Timing of surveys 

Delivery of an initial trial system is being agreed at present with the Sensorfish 
manufacturer. The intention is, upon receipt of the system, to test the capabilities of the 
equipment in a range of flow, turbulence and pressure conditions. 
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Objective Key surveys  Implemented through AEMP 
Objective/ 

Timing of surveys 

3. To reduce uncertainty with 
respect to the Individual-
Based Model (IBM) and 
input parameters applied, 
where possible, to validate 
predictions made in the ES 
and to inform assessment 
of future lagoon proposals. 

a. Tracking studies for eel, juvenile salmon and sea trout and adult salmon and sea trout.  

Overview - Trapping and active boat-based tracking of salmonid smolts, adult trout and 
salmon and eel were carried out in 2015 using acoustic tags. The surveys were deployed 
between salmonid smolts (April-June), adult salmon and trout (summer/autumn) and silver 
eel (autumn).  The aim of the pre-construction surveys was to establish capture and 
tracking techniques for the locality and to acquire local data on fish volitional swimming 
speeds and track tortuosity to inform the IBM behaviour models.  

Operational phase tracking surveys will provide information on fish movement with the 
lagoon in place.  Any data collected can be used to validate the predictions of the IBM.  

In subsequent years, to improve the range and application of data collected, the potential 
use of fixed receiver stations placed at strategic points around the Bay will also be 
considered in addition to active tracking. The network of receivers could include locations 
such as the Tawe barrage to Tawe training wall, close to the proposed the turbine and 
sluice inlets and out to Mumbles Head; including stations to either side (west and east) of 
the turbine/sluice house on the outside of lagoon as well as one, or more, on the inside of 
the lagoon to detect fish entering or leaving the lagoon via the sluices or turbines. Trials 
will be undertaken to determine the most effective locations.  

 Fish tagging studies, salmon and sea trout smolts - Over first two years of operation 
repeat active tracking for smolts. 

 Fish tagging studies, eels - Over first two years of operation repeat active tracking for 
silver eels.  

 Fish tagging studies, adult salmon and sea trout - Over first two years of operation 
repeat of adult salmon and sea trout tagging studies. 

Feasibility - Survey work in 2015 demonstrated that whilst there are challenges identified, 
such studies are feasible. It would be proposed to continue with the tracking studies 
during year 1 and 2 of operation.  Survey methods would be reviewed prior to 
implementation and a detailed design would be developed in consultation with relevant 
stakeholders. 
 
Deliverability - Whilst fixed arrays may be employed to improve the range and application 
of data collection, survey work in 2015 demonstrated that active tracking can be used as 
an alternative and an appropriate survey design would be developed in consultation with 
NRW. 

Objective F4 

Initial study for eels, juvenile 
salmon and sea trout, and 
adult salmon and sea trout in 
2015. 

Further studies proposed in 
year 1 and 2 operation. 
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Objective Key surveys  Implemented through AEMP 
Objective/ 

Timing of surveys 

4. To understand any broad 
scale changes within the 
bay as a result of the 
Project and to gain an 
understanding of the fish 
diversity associated with 
the lagoon seawall. 

a. Intertidal and subtidal fish surveys 

Overview - Broad scale changes in fish assemblages within the wider Bay will be 
monitored and assessed through the extension of the autumn (September to November) 
component of fish characterisation surveys, undertaken as part of the EIA for the Project, 
including the area within the lagoon footprint. This provides a defined intertidal and 
subtidal monitoring programme, to gain an understanding of broad scale fish communities 
and diversity present within the wider Swansea Bay.  

Surveys utilise a combination of intertidal netting techniques and vessel based subtidal 
trawls and for consistency and to enable detailed comparison of survey data, sampling 
methods broadly follow those utilised within the baseline surveys in support of the ES. The 
subtidal surveys consist of 12 trawls at six sites (six beam trawls and six otter trawls), pre-
construction, during construction and during the operational phase of the Project. During 
construction and operation one transect will be relocated approximately 1.5km to the 
south to a location outside of the lagoon boundary.  

A quantitative approach will be used, to allow statistical comparison of data from the 
extended characterisation surveys (which provide a pre-construction baseline), which will 
be compared to data collected during construction and operational phases of the Project.  

Feasibility - baseline survey have been undertaken in 2013, 2014 and autumn 2015.  The 
survey will be repeated in autumn 2016 and in the autumn prior to marine construction. 
During construction and operation surveys will only be undertaken outside of the Lagoon 
footprint. 

Deliverability - Surveys are on-going and as such are deliverable. 

Objective F3 

Autumn surveys - baseline 
surveys - 2013, 2014, 2015, 
2016 and year prior to 
construction. 

Marine construction - years 2 
and 4 (outside construction 
area only). 

Operation years 1, 2, 4 and 8.  
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Objective Key surveys  Implemented through AEMP 
Objective/ 

Timing of surveys 

 b. Drop down camera surveys (ME1)  

Overview - Drop down camera surveys are also proposed to be undertaken during the 
operation of the Project to record fish associated with the lagoon wall, and where possible to 
identify behaviours that occur as a result of the structure or operational activity (such as 
turbine switch-on). Drop down camera surveys will be undertaken as part of Marine Ecology 
Objective ME1 (see AEMP).  The surveys will be undertaken each spring and autumn during 
marine construction, commencing from the placement of the breakwater rock armour. 
During operation, surveys undertaken twice a year for the first 3 years.  

Feasibility - Underwater camera technology is advanced and as such the feasibility of the 
survey techniques is tried and tested. Issues which may affect data returns include health 
and safety during construction and operation; weather conditions and suspended sediments.  
The use of a freshwater lens will be considered to improve image quality and the timing of 
surveys will take into consideration water visibility. 

Deliverability – Surveys will utilise a tried and tested technology and as such are deliverable. 

Objective F3 (using survey 
from ME1) 

Spring and autumn through 
construction and for 3 years 
into operation.  

 c. Evaluation of sea angling catch statistics 

Overview - Catch data will be collected and recorded from anglers using the lagoon wall, 
both informally, as individuals, and more formally from competitions at the Lagoon. The 
statistical information obtained would be used to further understand fish species presence 
within the vicinity of the lagoon, such data would inform a qualitative view in terms of 
species present and the identification of any new species to the area. 

Feasibility - People who wish to pleasure fish from the lagoon will be encouraged to report 
their catch and as such an appropriate reporting system such as a logbook or catch recording 

Objective F3 

Throughout operation of the 
Project 
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Objective Key surveys  Implemented through AEMP 
Objective/ 

Timing of surveys 

APP will be put in place to aid this process. In addition, Wardens appointed for the Lagoon 
will facilitate the collection of fish data both on an ad-hoc basis as well formal data collection 
at fishing competitions.  

Deliverability – Recording of sea fishing competitions is already undertaken by angling clubs 
and governing bodies and with the use of appropriate reporting systems it is considered that 

data collection from fishing activity on the lagoon is recordable. For any fishing competitions 

held, data will be collected on fishing methods, effort and catches, and data will be reported 
within three months of the competition. Annual reports of the wider catches from the lagoon  
will also be provided. 

5. To monitor the lagoon 
seawall and the spawning 
media to confirm its 
presence as habitat able to 
support herring spawning 
activities within the Bay. 

a. Drop down camera surveys and icthyoplankton surveys  

Overview - Monitoring of the lagoon seawall using drop down camera surveys will be 
undertaken to confirm the successful instalment of spawning media provided. Monitoring 
will be undertaken in years 2 and 3 of marine construction.  In addition to this, for a more 
informed assessment, icthyoplankton surveys will be undertaken, to understand if herring 
are spawning within the wider Bay pre-construction and during the second year of 
operation.  

The icthyoplankton trawls would be undertaken February to April of the year in question. If 
herring larvae are recorded in any samples, the location of herring spawning will be 
determined using the Lagrangian particle tracking model.  

Feasibility – A baseline survey was undertaken in 2015 and no evidence of spawning 
herring was recorded.  The survey methodology and results were provided to NRW and 
Cefas and following receipt of comments the methodology was amended for the 2016 
survey.  The revised survey was completed in 2016 and again no evidence of spawning 

Objective F2 

Drop down camera surveys 
years 2 and 3 of marine 
construction 

Ichthyoplankton baseline 
surveys undertaken 2015, 
2016 and repeated prior to 
marine construction. 

Ichthyoplankton survey 
repeated year 2 operation. 
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Objective Key surveys  Implemented through AEMP 
Objective/ 

Timing of surveys 

herring was recorded. It is proposed to utilise the 2016 methodology in future surveys. 

Deliverability - Successful completion of the 2015 and 2016 survey demonstrated 
deliverability of the survey method.  

6. To monitor fisheries offset 
measures. 

a. Electro-fishing surveys.  

In-river fishery improvements would be monitored using electrofishing survey techniques 
within the river systems where offsetting measures have been undertaken.  Three methods 
could be deployed depending upon the offsetting measures implemented and evidence of 
benefits required, namely:  

- Quantitative –allows for detailed assessment, enabling population estimates involving 
the recording of species, age and size of fish.  

- Semi-quantitative – used to assess the abundance of juvenile salmon and trout, as 
each survey can be undertaken reasonably rapidly, it enables a survey over a wider 
geographic area to be undertaken covering a large number of sites. The data from a 
range of sites covering several streams can be obtained, thus enabling comparisons to 
be made between improved (offset) sites and unaffected (control) locations.   

- Qualitative – used for presence/absence surveys and identification of species 
presence. This may be used, for example, to confirm if spawning has taken place above 
a new fish pass. 

In addition to the above, less formal survey methods could be undertaken including redd 
counting above new fish passes and in areas of improved habitat although such techniques 
would only provide a high level qualitative presence/absence  result.  

Objective F5 
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Objective Key surveys  Implemented through AEMP 
Objective/ 

Timing of surveys 

The use of suitable fish counters will be considered as a validation technique on any new 
fish passes that are constructed. However, any site with such equipment deployed will 
need to be secure.    

Feasibility - Methods will follow NRW/EA Guidelines and will be undertaken by qualified 
licensed operators ensuring that results obtained will be compatible with other routine 
surveys. The design of surveys will depend upon the nature of the offsetting scheme and 
lag time between scheme implementation and expected benefit delivery. Permission will 
be required to undertake surveys from riparian owners and NRW licences will need to be 
obtained.  

Deliverability - Surveys can be conducted using validated techniques following NRW/EA 
guidelines. Where appropriate, these surveys are proposed for the monitoring of the pre-
offsetting baseline (Table 7) and post-offsetting improvements and as such the programme 
for delivery is detailed within Table 8: Offsetting measures programme 
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Table 3: Turbine encounter modelling assumptions and linkages to monitoring proposals 

Input parameter or assumption 

Turbine encounter rate model applied 
to Possible monitoring to give further evidence for input parameter 

or assumption 
IBM Draw Zone 

Alternative 
Draw Zone 

Swim Speed (ms-1) of fish  x x X Tagging and tracking, and use of passive arrays for tracking. 

Directedness (radians) of fish 
swimming 

x   Tagging and tracking, and use of passive arrays for tracking. 

Navigational period x   - 

Max/min depths (m)  x   The most recently developed tags will provide depth data.  

Sensitivity to tide state  x   - 

Random / even distribution of fish  x X Tagging and tracking and broad scale fish assemblage surveys. 

Tide-to-tide replenishment of fish   x X - 

Resident lifestages of fish   x X - 

Population range of fish  x X 
Tagging and tracking with genetic studies to support this so 
retrieved fish can be located to their spawning river by their 
genetic signature 

Seasonal population distribution of 
fish 

 x X 

Tagging and tracking with fish captured at appropriate points as 
near to the lagoon as possible to give the most accurate estimate 
as to when they are passing the lagoon; Broad scale fish 
assemblage surveys. 

Avoidance behaviour of fish (e.g. 
noise, vibration, water chemistry, 
increased flows, temperature, scent, 
predation) 

   
Tagging and tracking, and use of passive arrays for tracking. 
Hydroacoustic cameras. 
 

Attraction behaviour of fish (e.g. 
noise, vibration, water chemistry, 
increased flows, temperature, scent, 
predation) 

   
Tagging and tracking, and use of passive arrays for tracking. 
Hydroacoustic cameras. 
 

Exposure of fish to lagoon through 
multiple tidal cycles  

 x X 
Tagging and tracking and use of passive arrays for tracking; 
Hydroacoustic cameras. 

Delay and failed migration due to 
impoundment 

 x X 
Tagging and tracking; Hydroacoustic cameras; Fish assemblage 
surveys within the lagoon to identify impact of delayed migration 
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on salmon and sea trout. 

Likely horizontal or vertical position of 
fish when encountering lagoon 

   
Hydroacoustic cameras;  
Sensorfish and tailrace netting. 

Separate life-stages of salmon and sea 
trout (kelt, multiple spawners) 

 x X Data available from Panteg. No monitoring proposed. 

Variation in the probability of turbine 
encounter when entering or  exiting  

x X X 
Hydroacoustic cameras.  
Tagging and tracking with passive arrays. 

Mode of entry into and out of the 
lagoon (turbines or sluices) 

x x x 
Hydroacoustic cameras 
Tagging and tracking. 

Increased or decreased risk of 
encounter at different periods of the 
year 

   - 

Diurnal activity of fish  x x 

Tagging and tracking with passive arrays.  
Hydroacoustic camera surveys to identify what times of day 
species are active and encountering the turbines. 
Tailrace netting. 

Volume of water entering lagoon    Lagoon operational monitoring 

Velocity of water entering lagoon  x x Lagoon operational monitoring 

Proportion of water passing turbines 
and sluices 

   Lagoon operational monitoring 

Operational periods of generating and 
sluicing 

 x x Lagoon operational monitoring 

 

  



Draft without prej udice  

 Tidal Lagoon Swansea Bay Plc   

 

Tidal Lagoon Swansea Bay plc – Fisheries Assessment: Mitigation, Monitoring and Offsetting Framework 25 
TLSB/ML/Fish/MitigationMonitoringOffsetting  

 

Table 4: Programme for development use of hydro-acoustic cameras (e.g. DIDSON™/ ARIS™/ BlueView™ cameras) 
Task 
No. 

Activity Summer 
2016 

Autumn 
2016 

Winter 
2016 

Spring 
2017 

Summer 
2017 

Autumn 
2017 

Winter 
2017 

Spring 
2018 

Summer 
2018 

Autumn 
2018 

Winter 
2018 

1 Identify and engage with existing suppliers for hydro-acoustic 
camera devices on their various hardware products, processing 
software and development of project specific devices. 

           

2 Anticipated determination of Marine Licence by NRW MLT.            

3 Arrange trials of preferred hydro-acoustic cameras in a range of flow 
and turbidity environments (linked to Task No. 2). 

           

4 Design and optimise an arrangement of cameras for installation on 
the turbine houses, in consultation with NRW(TE), with details of 
further testing (if required) to ensure the required information will 
be collected. (linked to Task No. 4). 

           

5 Pre-operational monitoring and testing to calibrate equipment 2019-2022 

6 Completion of marine construction of TLSB and installation of 
hydroacoustic cameras and operational monitoring programme 
following AEMP. 

Construction currently anticipated to be completed in 2022. Operational monitoring to commence in 2022. 

Table 5: Programme for development use of Sensorfish 
Task 
No. 

Activity Summer 
2016 

Autumn 
2016 

Winter 
2016 

Spring 
2017 

Summer 
2017 

Autumn 
20p17 

Winter 
2017 

Spring 
2018 

Summer 
2018 

Autumn 
2018 

Wint
er 
2018 

1 Identify existing options and suppliers for Sensorfish.            

2 Engage with suppliers on their various hardware products and 
processing software. 

           

3 Anticipated determination of Marine Licence by NRW MLT.            

4 Arrange trials of various Sensorfish in a range of flow and turbidity 
environments (linked to Task No. 3) 

           

5 Design and optimise a programme and method of passing 
Sensorfish through the turbines and sluices, also linking to the 
proposed tail race netting to catch the Sensorfish as they are 
passed through. Programme to be discussed with NRW(TE).    

           

6 Completion of marine construction of TLSB and implementation of 
Sensorfish surveys. 

Construction currently anticipated to completed in 2022 
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Table 6: Programme for development use of passive tracking array. 
Task 
No. 

Activity Summer 
2016 

Autumn 
2016 

Winter 
2016 

Spring 
2017 

Summer 
2017 

Autumn 
2017 

Winter 
2017 

Spring 
2018 

Summer 
2018 

Autumn 
2018 

Wint
er 
2018 

1 Identification of locations for fixed receivers to monitor locations of 
tagged fish. 

           

3 Anticipated determination of Marine Licence by NRW MLT.            

4 Discuss installation of fixed receivers with landowners of various 
identified locations. (linked to Task No. 2). 

           

5 Design of array of fixed receivers to implement for tagging studies.            

6 Implementation of array of fixed receivers. Tagging to be undertaken during first two years of operation. Array of fixed receivers to be implemented prior to 
this. 
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4 Offsetting Framework 

4.1 Introduction 

4.1.1 Within the draft SoU provided by NRW MLT, Matter 3.24 requested clarification 
of any offsetting proposals, including those elements linked to adaptive 
management and evidence of their feasibility and deliverability.  

4.1.2 Whilst TLSB is confident in its predictions that the impacts from the Project on 
marine and migratory fish species will be minimal, it is appreciated that some 
degree of uncertainty remains around any novel development.  As such TLSB will 
provide offsetting for this uncertainty, to a level to be agreed as part of the 
Marine Licensing process.   

4.2 Approach to offsetting 

4.2.1 The methods of calculation of offsetting and its interpretation into equivalent 
fish production will be agreed in advance with NRW (TE)/Cefas. It is proposed 
that the offsetting would be implemented in advance of operation to ensure 
benefits start to be delivered before potential operational impacts.  In order to 
identify appropriate offsetting requirements, a step wise approach will be 
followed in consultation with relevant advisors. This is set out below. 

STEP 1 - Identify any species impacted to a level that is above agreed 
acceptable thresholds.  

STEP 2 -  Identify and agree the potential level of impact to be offset for any 
species identified and the relevant population of that species against 
which offsetting will be calculated.  

STEP 3 - Calculate the number of individuals potentially lost from that 
population.  

STEP 4 -  Back calculate the number of eggs or fish at other life-stages that will 
be required to be produced, to replace the lost fish. For example, the 
number of smolts required to offset one lost adult salmon can be 
estimated, and then back-calculated to the number of eggs required 
to produce a smolt. 

STEP 5 -  Identify factors limiting fish production within impacted catchments 
and produce a range of off-setting options to deliver egg production 
required, in terms of priority, feasibility and deliverability. This will 
include cross-referencing between species, if appropriate, to identify 
synergies in terms of actions and benefits (e.g. a fish pass will benefit 
salmon, sea trout, eels and lamprey). 
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STEP 6-  Develop detailed design for offsetting proposals in consultation with 
relevant advisors to include offsetting measures and monitoring 
programme (if appropriate), to demonstrate efficacy of offsetting 
measures. 

STEP 7 -  Implement pre-scheme baseline monitoring, if appropriate, for 
identified scheme. 

STEP 8 -  Implement offsetting proposals, including any necessary construction 
work and construction monitoring. 

STEP 9 -  Implement agreed monitoring and review programme in association 
with AEMP process and report findings to agreed timescales. 

4.3 Determining offsetting requirements 

4.3.1 Step 1 of the process to determining offsetting requirements involves the 
identification of species that are predicted to be impacted to a level that is above 
agreed acceptable thresholds. Once species are identified, Step 2 of the process 
involves identification and agreement of the potential level of impact to be 
offset.  

4.3.2 The Alternative Fish Impact Assessment Results (TLSB, July 2016) paper presents 
the alternative methods, to provide reassurance in the values predicted and to 
reach agreement on impact levels for each VER species. Revised Appendix 7.7.1: 
Summary of Fisheries Impact Assessments for Valued Ecological Receptors V3: 
Turbine entrainment and injury sensitivity testing (TLSB, July 2016) provides a 
summary of impacts for each VER species, both for each impact individually and 
overall, with consideration of the range of potential impacts predicted. Impact 
levels predicted are then expressed in terms of significance with reference to 
Table 9.4, as clarified in the SoU, Supporting Appendix, Section 2, submitted on 
6th May 2016.  

4.3.3 The predicted residual impacts on fish VER species, excluding salmon and sea 
trout, presented in the Revised Appendix 7.7.1, range from Insignificant to Minor 
Adverse Significance.  For the majority of impacts for each fish VER, impact levels 
predicted fall below the 2% threshold applied, to classify impact magnitude 
within the ES as ‘low’ and agreed within the SoU (matter 2.5) as the level at 
which impacts are considered to be acceptable and no mitigation is required.  

4.3.4 For salmon and sea trout, impact levels for potential turbine entrainment and 
injury using the alternative scenarios are predicted to be above the 2% threshold 
at a maximum of 5.69% and 5.04% Annual Mortality (weighted averages across 
adult life-stages) respectively. Therefore, offsetting will be provided to bring 
these levels to below the 2% threshold. The loss of egg deposition will be used as 
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a proxy for the offsetting, with worked examples for the calculations of egg 
deposition losses from the % Annual Mortality figures for salmon and sea trout 
provided in Appendix 3 to this paper. Appendix 4 presents a worked example of a 
potential offsetting measure and the additional egg deposition that it could 
contribute.   

4.3.5 Offsetting is proposed by TLSB to provide additional spawning opportunities for 
salmon and sea trout, by removing barriers to migration, implementing measures 
to improve existing habitat or reducing predation.  This will be provided by 
selecting appropriate schemes from the range of feasible offsetting options 
presented in Table 3 below, to deliver an increase in egg production that will 
reduce predicted losses to a level that is not considered significant. 

4.3.6 With offsetting applied the overall residual adverse impact for salmon and sea 
trout following offsetting, as presented in the Revised Appendix 7.7.1 (TLSB, July 
2016), is predicted to be Minor Adverse. 

4.3.7 Whilst targeted predominantly at benefits to salmon and sea trout any 
improvements in access or habitat will benefit other species including lamprey 
and eel. 

4.4 Offsetting proposals 

4.4.1 To provide the requested clarification of offsetting proposals, Table 7 presents 
options which could be implemented as part of any offsetting scheme required.  
It should be highlighted that the options presented are those measures that have 
been identified at this stage, at a high level, to provide reassurance that any 
offsetting required can be implemented. The final suite of offsetting measures 
would be developed in detail post-determination of the Marine Licence and in 
consultation with relevant advisors. This would be based on the agreed 
percentage offset for the Project.  

4.4.2 Catchment related documents have been produced by NRW and its predecessor 
bodies which highlight key issues of concern in relation to fishery performance. 
These have included historic Salmon Action Plans and River Basin Management 
Plans and involved gathering the views of local stakeholders.  These documents 
provide an indication of the perceived pressures on the fish stocks on the rivers 
discharging into Swansea Bay. These issues include:  

 Barriers to migration – which prevent migratory fish from reaching their 
spawning grounds;  

 Fish predation by birds and seals – particularly in areas where fish 
migration is delayed; and 

 Diffuse water pollution – caused by release of harmful substances from 
non-point sources and which drain into the streams and rivers. 



 Tidal Lagoon Swansea Bay plc   

 

Tidal Lagoon Swansea Bay plc – Fisheries Assessment: Mitigation, Monitoring and Offsetting Framework 30 
TLSB/ML/Fish/MitigationMonitoringOffsetting  

 

4.4.3 The offsetting framework has considered these pressures and the options 
presented in Table 7 would reduce the pressure from one or more of these 
aspects.  
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Table 7: Outline Offsetting Framework 

Offsetting example Feasibility/Deliverability Monitoring within AEMP 

Removal of manmade 
obstructions which provide a 
complete barrier to fish passage 
within a river. 

There are a limited number of man-made structures on the Rivers Tawe, Neath and 
Afan which form a complete barrier to fish movement. One of the largest man-made 
impassable barriers is the Capital Falls on the River Twrch, a tributary of the River Tawe. 
The Falls, shown in Image 1, are believed to have been constructed around 1798 as part 
of the bridge footings for a canal aqueduct, are situated in Ystalyfera. Approximately 
2km upstream of the Falls are two further large weirs at Lower and Upper Cwmtwrch 
(shown in Image 2), both of which form further barriers to migration.  Such weirs were 
often built in order to provide water abstraction points for past industrial sites.  

In terms of the calculation of offsetting contribution, if the structures were to be 
removed, it would be assumed that opening up of the relevant habitat upstream would 
be 100% attributable to the offsetting measures. A worked example of the potential 
offsetting benefits of removal of these barriers is provided in Appendix 4, with Images 3 
and 4 showing the nature of the river habitat upstream. 

Previous feasibility studies and designs have been undertaken by NRW in relation to 
these sites, but construction costs have proved prohibitive given the need to address all 
three barriers simultaneously in order to maximise benefits.  

 

 

 

 

 

Whilst baseline monitoring of salmon stocks 
would not be required, as no salmon 
currently pass the obstructions, some 
baseline monitoring of existing trout stocks 
may be necessary in order to identify the 
carrying capacity of the river and hence 
additional trout production potential, 
depending upon the scheme chosen. This 
would be followed by monitoring in years 3, 
5 and 10 post-barrier removal in order to 
monitor the increase in trout numbers. 
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Offsetting example Feasibility/Deliverability Monitoring within AEMP 

Image 1: Capital Falls, Ystalyfera (SN 77274 09239; River c. 25m wide; Weir c. 6m in 
height. Impassable barrier for migrating fish). 
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Offsetting example Feasibility/Deliverability Monitoring within AEMP 

Image 2: Upper Cwmtwrch weir, Upper Cwmtwrch (SN76191 10809, River c. 15-20m 
wide, Weir c. 1.2-1.5m in height. Impassable barrier for migrating fish except possibly 
under high flow conditions. Damaging metal reinforcement rods present (see inset). 
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Offsetting example Feasibility/Deliverability Monitoring within AEMP 

Images 3 and 4: River Twrch upstream of Capital Falls and Upper and Lower Cwmtwrch 
weirs (River c.10-15m wide up to natural falls. Considered to be excellent potential 
spawning habitat with gravels and pools, riffles, resting places, natural banks and 
woody debris in river). 
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Offsetting example Feasibility/Deliverability Monitoring within AEMP 

 

 
 
 

Removal of manmade 
obstructions which provide a 

There are numerous man-made structures within the Tawe, Neath and Afan 
catchments each having a small potential impact on fish movement up-river, which 

With the natural fluctuation in fish 
populations the feasibility of ascertaining 



Draft without prej udice  

 Tidal Lagoon Swansea Bay plc   

 

Tidal Lagoon Swansea Bay plc – Fisheries Assessment: Mitigation, Monitoring and Offsetting Framework 36 
TLSB/ML/Fish/MitigationMonitoringOffsetting  

 

Offsetting example Feasibility/Deliverability Monitoring within AEMP 

partial barrier to fish passage 
within a river. 

could result in a larger overall cumulative impact.  The ability of fish to pass these 
structures may rely upon suitable flow conditions at the time of migration, which may 
not always occur. Whilst many of the structures are recognised as an issue under the 
WFD, the potential to facilitate or accelerate their removal or amelioration will be 
investigated with NRW. In terms of calculation of an 'offsetting contribution' from these 
works, a percentage contribution will be agreed based on an increased window of 
opportunity for migration past the site for each partial blockage or for groups of 
blockages.  

Addressing groups of blockages may be best undertaken by targeting specific, 
potentially productive sub-catchments. For example the Afon Giedd (tributary of the 
Tawe), has at least 6 man-made obstructions before a natural falls is reached. The Afon 
Corrwg is a significant spawning tributary of the River Afan  within which there are a 
number of barriers to migration including that shown in Images 5 (below) in the centre 
of Glyncorrwg village.  

  

 

robust baseline data is limited within the 
required timescale.   

Demonstrating any improvement in fish 
numbers as a result of easement 
construction/removal on partially passable 
barriers will be difficult to prove given the 
natural variability in fish numbers and range 
of other impacts. Offsetting contributions 
from these works will therefore be agreed in 
advance, based on an increased window of 
opportunity for migration past the site. 
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Offsetting example Feasibility/Deliverability Monitoring within AEMP 

The following table documents a selection of the other key barriers (other than Capital 
Falls, see Appendix 4) to fish migration within the Tawe, Neath and Afan catchments, 
taken from the database maintained by NRW, and the lengths of river that is available 
upstream to the next barrier if they were removed. For partial barriers, those passable 
for a proportion of the time, any upstream benefits would be considered as a 
proportion of the additional time available for fish to migrate upstream to them. A 
wetted width of between 2m and 10m has then been taken to give a potential range of 
additional habitat opened and egg deposition increases as a result of barrier removal. 
This serves to provide an indication of the potential for improvements within the 
catchments and will be refined when developing the offsetting proposals. 

Barrier 
name/location 

Catchment Length of river 
upstream of 
barrier (km) 

Estimated egg deposition 
potential increase if 
complete barrier (see 
Method 3 of Appendix 4 
for calculation 
breakdown, 2 – 10m 
wide river assumed). 
Proportion of this for 
partial barriers 

Aberdulais 
Borland Lift and 
Cilfrew Weir 

Neath 19 258,400 – 1,292,000 

Corlannau Weir Afan 4.8 65,280 – 326,400 
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Offsetting example Feasibility/Deliverability Monitoring within AEMP 

Danybont Weir Afan 16.5 224,400 – 1,122,000 

Green Park Weir Afan 2.7 36,720 – 183,600 

Lower Clydach 
Falls 

Tawe 14.3 194,480 – 972,400 

Maes Y Bettws Afan 8 108,800 – 544,000 

Nant Ddu Tawe 6.5 88,400 – 442,000 

Nant Gwynfi and 
Blaen Gwynfi 
culvert 

Afan 4.9 66,640 – 333,200 

Newbridge Weir Afan 0.95 12,920 – 64,600 

Pelenna Weir Afan 4 54,400 – 272,000 

Resolven 
Gauging Weir 

Neath 18.9 257,040 – 1,285,200 

Rheola 
Easements and 
Nant Clwyd 

Neath 3.9 53,040 – 265,200 

Sella Neath 5.6 76,160 – 380,800 

Upper Clydach Tawe 5.5 74,800 – 374,000 

Giedd 
obstructions 

Tawe 3.9 53,040 – 265,200 

 

Modification of Tawe Barrage The Tawe Barrage was completed in 1992 creating an impoundment, used largely for 
recreational purposes, in the lower reaches of the Tawe. The structure included a boat 

Demonstrating any improvement in fish 
numbers as a result of easement 
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Offsetting example Feasibility/Deliverability Monitoring within AEMP 

lock, fish pass and primary and secondary weirs, the latter of which are overtopped by 
approximately 75% of the tides.  

Concerns were expressed by fisheries stakeholders, upon completion of the structure, 
about the effectiveness of the fish pass within the barrage and further modifications 
were made in an attempt to improve the efficiency.  

Despite the improvements concerns still persist, particularly amongst local fishery 
stakeholders, regarding the effectiveness of the fish pass and importantly, the impact of 
fish being delayed in their upstream migration whilst waiting for the weirs to be 
overtopped by the incoming tide. 

The delay is believed to result in increased risk of predation upon inward migrating fish 
by seals, and outward migrating smolts by cormorants. However, whilst there is 
anecdotal evidence of this occurrence, the predation issue has not been formally 
studied and quantified.  

Other methods of increasing fish passage over the barrage could be considered which 
would not require modification of the existing approved fish pass.  This might include 
the construction of a Borland type fish lift or, the adaptation of the existing small hydro-
power unit to a fish passage and monitoring facility.  

construction/removal on this partially 
passable barrier will be difficult to prove 
given the natural variability in fish numbers 
and range of other impacts. Offsetting 
contributions from these works will 
therefore be agreed in advance, based on an 
increased window of opportunity for 
migration past the site. 
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Offsetting example Feasibility/Deliverability Monitoring within AEMP 

Lower Clydach Falls, River Tawe NRW have recently constructed a 
fish pass at the top of this site. 
However, depending on the 
demonstrated effectiveness of 
these works, further 
improvements may be required 
to improve access over the lower 
section of the Falls in order to 
enable fish to reach the new fish 
pass and thus increase its 
operating effectiveness.   

 

 

 

 

 

 

Improvements at this site could not be 
attributed solely to the Project at this stage, 
given the recent work undertaken by NRW. 
The effectiveness of the NRW project will 
need to be demonstrated before any further 
works are considered. 

Rheola Brook, River Neath Rheola Brook has historically been an important spawning and nursery tributary of the 
River Neath. At present fish access and production is limited to the lower end of the 
brook with access to habitat in the mid reaches severely constrained by a concrete 
trapezoidal river channel. The channel could potentially be modified to open spawning 
and nursery areas. 

Demonstrating any improvement in fish 
numbers as a result of easement 
construction/removal on this partially 
passable barrier will be difficult to prove 
given the natural variability in fish numbers 
and range of other impacts. Offsetting 
contributions from these works will 
therefore be agreed in advance, based on an 
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Offsetting example Feasibility/Deliverability Monitoring within AEMP 

increased window of opportunity for 
migration past the site. 

Newbridge Weir, River Afan This weir is situated in the Afan estuary and the origins of the weir are unknown.  
Whilst the weir does not constitute a complete barrier to fish migration, it does cause 
delays as fish wait to pass the weir whilst the tide rises.  Modifications to, or removal of 
this weir may be possible, to improve fish passage at earlier stages of the tide. 

Demonstrating any improvement in fish 
numbers in the River Afan as a result of 
easement construction/removal on this 
partially passable barrier will be difficult to 
prove given the natural variability in fish 
numbers and range of other impacts. 
Offsetting contributions from these works 
will therefore be agreed in advance based on 
an increased window of opportunity for 
migration past the site.  

It may be feasible to track fish as part of the 
wider AEMP monitoring work, passing this 
site both before and after any improvement 
work had been undertaken.  

Greenpark Weir, River Afan This weir is situated at the head of tide in the Afan estuary and serves as an abstraction 
weir for Port Talbot Docks and steelworks. The weir, which has a fish pass and trap 
incorporated into it, is in poor condition and refurbishment is being planned by ABP. 
The existing fish pass and trap facility has been used by the Project to obtain fish for 
tagging and tracking purposes. 

There is little baseline information available 
to quantify the current impact of the weir in 
terms of the delay it poses to fish trying to 
ascend the River Afan and so monitoring of 
fish passing this weir would be required pre- 
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Offsetting example Feasibility/Deliverability Monitoring within AEMP 

Inward migrating salmon have been shown (Solomon and Sambrook, 20042) to return 
to sea if they cannot enter their natal rivers due to low flow conditions. This situation 
may arise at Greenpark Weir despite the presence of a fish pass.  

Redesign and construction of the site, with improved fish passage facilities would be 
advantageous, in delivering improved access upstream and could provide a valuable 
fisheries monitoring location in future.  

 

 

and post-improvement. 

Demonstrating any improvement in fish 
numbers as a result of easement 
construction/removal on this partially 
passable barrier will be difficult to prove 
given the natural variability in fish numbers 
and range of other impacts. Offsetting 
contributions from these works will 
therefore be agreed in advance, based on an 
increased window of opportunity for 
migration past the site. 

Habitat improvement projects Significant declines in juvenile salmon and, to a lesser extent juvenile trout numbers, 
indicate that there may be some in-river factors contributing to the decline in stock in 
addition to marine phase issues. Other habitat related actions, which would require 
preliminary investigation, include assessment of the impact on fish production of past 
gravel removal operations for flood protection purposes and other land management 
practices such as coal mining and coniferous forestry across the Tawe, Neath and Afan 
catchments. 

 

 

Demonstrating any improvement in fish 
numbers as a result of habitat improvements 
will be difficult to prove given the natural 
variability in fish numbers and range of other 
impacts. Offsetting contributions from any 
such works will therefore be agreed in 
advance based on improvements in 
spawning habitats and productivity. 

                                                           
2 Effects of hot dry summers on the loss of Atlantic salmon, Salmo salar from estuaries in South West England. D J Solomon and H T Sambrook (2004) Fish Management and 

Ecology Vol 11, Issue 5. 
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Offsetting example Feasibility/Deliverability Monitoring within AEMP 

Reduction of predation on fish at 
barriers 

Physical alteration of barriers may not 
be practical in all cases due to 
requirements for permissions and/or 
increased liabilities.  However, there is 
scope for assisting those fish which are 
delayed during either inward or 
outward migration, by reducing their 
risk of predation or further obstruction 
by seals using the fish pass (see 
picture). 

The aim would be to design and install 
safe-havens (refuges) for migrating fish 
in vulnerable locations where they 
would be protected from predating 
birds or marine mammals.  

 

 

 

 

 

 

Monitoring of predation in vulnerable 
locations would be undertaken pre- and 
post-implementation of the works to 
demonstrate any reductions in predation 
and subsequent increases in fish migrating. 
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Table 8: Offsetting measures development and implementation programme 
Task 
No. 

Activity Summer 
2016 

Autumn 
2016 

Winter 
2016 

Spring 
2017 

Summer 
2017 

Autumn 
2017 

Winter 
2017 

Spring 
2018 

Summer 
2018 

Autumn 
2018 

Winter 
2018 

Spring 
2018 

Summer 
2018 

1 Identify any species impacted to a level that 
is above agreed acceptable thresholds. 

             

2 Identify and agree the potential level of 
impact to be offset for any species 
identified and the relevant population of 
that species against which offsetting will be 
calculated. 

             

3 Calculate the number of individuals 
potentially lost from that population. 

             

4 Back calculate the number of eggs or fish at 
other life-stages that will be required to be 
produced, to replace the lost fish. For 
example, the number of smolts required to 
offset one lost adult salmon can be 
estimated, and then back-calculated to the 
number of eggs required to produce a 
smolt 

             

5 Produce a range of off-setting options to 
deliver egg production required, in terms of 
priority, feasibility and deliverability. This 
will include cross-referencing between 
species, if appropriate, to identify synergies 
in terms of actions and benefits (e.g. a fish 
pass will benefit salmon, sea trout, eels and 
lamprey).  

             

6 Submit information to Natural Resources 
Wales (NRW) Marine Licensing Team (MLT). 
(linked to Task No’s 1-5) 

             

7 Consideration of information by NRW MLT. 
(linked to Task No. 6) 

             

8 Anticipated determination of Marine 
Licence by NRW MLT 

             

9 Agree preferred options and develop 
detailed offsetting proposals in consultation 
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with relevant advisors. (linked to Task No. 
8) 

10 Develop detailed design for offsetting 
proposals in consultation with relevant 
advisors to include offsetting measures, 
ownership access agreements and 
licences/consents and monitoring 
programme (if appropriate), to 
demonstrate efficacy of offsetting 
measures. (linked to Task No. 9) 

             

11 Implement pre-scheme baseline 
monitoring, if appropriate, for identified 
scheme. (linked to Task No. 9) 

             

12 Commencement of marine construction of 
TLSB  

             

13 Implement offsetting proposals, including 
any necessary construction work and 
construction monitoring. (linked to Task No. 
10 and 12) 

             

14 Implement agreed offsetting monitoring 
and review programme in association with 
AEMP process and report findings to agreed 
timescales. (linked to Task No. 13).  

To be commenced following completion of construction/implementation of offsetting measures. Durations to vary depending on measures 
implemented. 



Draft without prej udice  

 Tidal Lagoon Swansea Bay plc   

 

Tidal Lagoon Swansea Bay PLC – Fisheries Assessment: Mitigation, Monitoring and Offsetting Framework 46 
TLSB/ML/Fish/MitigationMonitoringOffsetting  

 

4.5 Conclusions 

4.5.1 The information set out above demonstrates that it is feasible to deliver 
sufficient offsetting measures to meet – and indeed exceed – the impact levels 
predicted by the IBM+STRIKERv.4 modelling approach, through a package of 
offsetting proposals. 

4.5.2 It is also shown that it is feasible to offset in excess of even the highest impact 
levels that were predicted by the various alternative approaches used. Those 
values predicted by the Alternative Draw Zone method for adult salmon and sea 
trout being generate the highest values and have been used as the basis for the 
offsetting calculations in Appendix 3. 
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Appendix 1: Sensorfish datasheet 

  



 
SENSOR FISH 6DOF DATASHEET 

 

 1

Key Features 

• 3 axis linear acceleration, 100 G's  
• 3 angular velocity 1080 deg/sec  
• Pressure, 100 PSIA (689 kPa) 
• Data capacity = 466,000 data samples 
• Sample rate = 2000 samples/second  
• Enclosed within a cylindrical water 

sealed housing  
• Buoyancy = 0.75 grams wet  
• 42.0 grams dry weight  
• Overall size: 90 mm long by 25 mm 

maximum diameter  

 
Further detailed description 

 

 
 
 

 
 
 
 
 
 

Acquired parameters Pressure, temperature, 3-axis acceleration,  and 3-axis rotation 

Pressure sensing range 0 to 100 PSIA 

Temperature sensing range 0 to 40
o
C 

Acceleration sensing range 0 to 100 g’s on any axis; 173 g’s max on combination of 3 axes 

Rotation sensing range +/- 1200 degrees/sec on any axis 

Signal acquisition Simultaneously sampled channels, each 10-bits, sample rate 2 kHz 

Sample memory Non-volatile FLASH memory, 4.3 MBytes 

Activation A magnet is used to actuate a switch within the Sensor Fish module, 
initiating a data acquisition run 

Acquisition delay User-programmable, 10 seconds to 9 hours (10 – 32767 seconds) 

Data acquisition trigger Time delay from magnetic trigger 

Acquisition period User programmable, from 10 to 233 seconds 

Environment Immersible in water to a depth of 30 meters, 0 to 40
 o
C 

Interface Infrared data port, accessible through plastic housing without 
disassembly 

Battery One Li-polymer rechargeable cell 

Housing See drawing 

Dry weight Approx. 40 grams (dry weight) 

Net weight in water Positively buoyant 

 
 
 
 
 



 
SENSOR FISH 6DOF DATASHEET 

 

 2
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Appendix 2: Draft AEMP Fisheries Objectives 

  



F1: To monitor fish encounter with, and behaviour at, the turbines and 
sluices 

Objective EIA/DCO/ML Chapter 9 of the ES assessed the potential for the project to cause injury or mortality 
as a result of fish passing through turbines and sluices. The assessment concluded 
that in general the significance of impacts for the various receptors identified in 
Chapter 9 very were low, with the majority of the predicted potential impacts on fish 
and shellfish assessed as being minor or insignificant. 

Following submission of the ES and close of the examination, NRW and Cefas raised 
concerns regarding the use of IBM and the overall confidence in the assessment, with 
regards to turbine encounter and risk of injury or mortality for fish species. A range of 
additional modelling and sensitivity analysis were subsequently undertaken and 
submitted in order to estimate potential predicted impacts, to understand the 
consequences of such impacts at the population level and to define any mitigation or 
offsetting requirements, where necessary.  

The objective for F1 is to identify and develop monitoring methodologies that can be 
used to effectively monitor the interaction between the range of fish species found in 
Swansea Bay and the lagoon turbine and sluice structures. Monitoring data will be 
used to further understand fish behaviour around the turbines and sluice gates. It will 
be used to test the predictions of the turbine passage fish injury rate model 
(STRIKERv4) and turbine encounter model (IBM and alternative approaches), through 
validation of associated input parameters, and thereby allowing the further 
development of models for future lagoon developments. 

This objective meets the monitoring needs of Requirement 27 of the DCO, namely the 
‘Fish and Shellfish Mitigation Strategy’ which states that the scheme shall include—  

(a) monitoring of turbine impacts upon fish species, including migratory fish and 
clupeids;  

Further detail on mitigation and monitoring proposals with regards to fisheries is set 
out within the Fish and Shellfish Mitigation Strategy (Requirement 27 of the DCO). 
Monitoring of proposed offsetting is set out in objective F4.  

This objective will also inform the production of a Fish Monitoring and Offsetting 
Strategy which will set out the final package of monitoring and offsetting measures 
for fisheries impacts and which will be submitted to NRW prior to Project operation.  

 

Objective WFD The surveys presented under this objective are concerned with monitoring of coastal 
waterbodies, for which fish are not a quality element under WFD. Although not 
directly relevant for WFD, any migratory fish recorded will be considered as passing 
through the study area into transitional and river water bodies where the fish quality 
element is considered.  

The Water Framework Strategy Report (DCO requirement 42) will set out the 
overarching strategy as to how the results of this monitoring carried out under the 
provisions of the AEMP, validate the findings of the WFD compliance assessment and 
meet the requirements of the WFD. 

 

Primary reason for 
monitoring and 
rationale 

F1 is a Function A Objective, as monitoring through this objective will be used to test 
predictions made within the ES through the validation of model parameters, 
identified as a key area of uncertainty through stakeholder consultation. The primary 
reason for monitoring is: 



 To identify and develop monitoring methodologies to effectively monitor the 
interaction between fish species in Swansea Bay and the lagoon turbines and sluice 
structures; and 

 To test the predictions made within the ES, to reduce uncertainty, through 
validation of identified modelling input parameters. 

Results of monitoring will also be used to increase knowledge, to reduce uncertainty 
regarding modelled fish behaviour and to provide further understanding of the 
impacts of fish passage through turbine and sluice structures  to inform future lagoon 
projects.  

Given the unique nature of the Tidal Lagoon Swansea Bay project there are few, if 
any, examples of monitoring of fish behaviours and impacts as a result of fish passage 
through turbines on comparable sites anywhere in the world. Therefore a framework 
of monitoring is proposed at this stage and this will be developed in detail through 
the use of equipment and methodology trials and dedicated research, to develop a 
bespoke and comprehensive monitoring strategy prior to lagoon operation. This will 
be detailed within the Fish Monitoring and Offsetting Strategy which will be 
submitted to NRW prior to Project operation. 

Data to validate input parameters are proposed to be collected using a range of 
currently available monitoring techniques and techniques which will be considered 
are set out below, alongside model parameters that will be validated through survey 
data.  

Key objectives and monitoring proposals are set out in Table F1.1 below. 

Objective Key surveys 

1. To further understand fish behaviour 
around the turbine and sluice gate 
structures (avoidance and attraction 
behaviours). 

- Hydro- acoustic cameras (e.g. Didson / 
ARIS / BlueView) in combination with 
tail race netting to understand fish 
species entrained by the turbines and 
the extent of any injuries which may 
be attributed to turbines (refer to 
S23a). 

- Sensor Fish surveys to further 
understand the conditions 
encountered by fish species as they 
pass through the turbines and sluices 
(refer to S23b). 

2. To further understand the impact 
performance of Andritz turbines to 
validate predictions made in the ES and 
to inform future lagoon projects. 

3. To reduce uncertainty with respect to 
IBM and input parameters applied and 
where possible validate predictions 
made within the ES and inform future 
lagoon projects. 

- Tagging and tracking studies for eel, 
juvenile salmon and sea trout and 
adult salmon and sea trout. To include 
application of fixed receiver stations 
in combination with active tracking to 
improve the range and application of 
data collected (refer to S23c, d and e). 

A combination of quantitative and qualitative approaches will be used to evaluate 
data collected and to provide a comparison with modelling input data values. This will 
allow validation of numerical modelling predictions and provide an increased 
understanding of fish behaviour around turbine and sluices gate structures. 

Drop down camera surveys (S16) are also proposed to be undertaken during the 
operation of the Project to record fish associated with the lagoon wall, and where 
possible to identify behaviours that occur as a result of the structure. Drop down 
camera surveys will be undertaken as part of Objective ME1 and the detail and 
methodology proposed is provided under that objective. In addition, data collected 
from anglers using the lagoon wall will be recorded where possible. Angling catch 
data would be utilised to further understand fish species presence within the vicinity 



of the lagoon and such data will be used to form a qualitative view in terms of 
understanding of turbine encounters through assessment of species present within 
the lagoon. 

 
 

Background and 
potential Project 
effects 

The fish community of Swansea Bay is characterised by a broad range of demersal, 
pelagic and bentho-pelagic species and fish abundance and composition fluctuates 
seasonally and annually. 

In addition to the general assemblage of marine species that frequent or reside within 
the Bay, the waters provide a pathway for a number of diadromous species, migrating 
to or emigrating from, freshwater systems that either discharge to the Bay or to 
adjacent coastal areas. These species include Atlantic salmon, sea trout, European eel 
and river lamprey. Sea lamprey and twaite shad, whilst uncommon, have also been 
recorded in the bay or within freshwater systems that feed into the Bay. 

Chapter 9 of the ES, and associated appendices, provides information on the detailed 
assessment of potential impact from the Project on a range of fish receptors.  The 
results of the assessment are summarised in Tables 9.28 through to 9.38 for various 
potential impact pathways. In relation to turbine entrainment and the potential for 
injury or mortality during passage through turbines, a combination of IBM (behaviour 
model predicting likelihood of encounter with turbines) and STRIKER™ v.4 
entrainment model (predicted mortality model) was used to further understand the 
potential impact and the need for mitigation.  The assessment concluded that in 
general the significance of impacts on the various receptors identified in Chapter 9 
were low, with the majority of the potential impacts on fish and shellfish assessed as 
being minor or insignificant. Where potential significant impacts were identified, for 
example predicted mortality rates of sea trout adults and herring passing through 
turbines, the ES advised mitigation in the form of Acoustic Fish Deterrents (AFDs) to 
manage predicted impacts.  

Following submission of the ES, NRW and their advisors Cefas, raised concerns 
regarding the use of the IBM and the overall confidence in the assessment, 
particularly with regards to the ability of IBM to model the migration of catadromous 
fish species and the residency of such species prior to their entry into the adjacent 
rivers.   To improve confidence in the predictions of the ES, a range of additional 
modelling analysis were undertaken by TLSB and submitted in order to estimate the 
potential predicted impacts, understand the consequences of such impacts at the 
population level and to define offset requirements, where necessary. The outputs of 
this work was submitted to NRW and Cefas as part of the Project Marine Licence 
determination process in July 2016. 

In addition to this since the award of Development Consent Order from the Secretary 
of State, further development of the turbines has been undertaken by GE Andritz, the 
turbine manufacturer.  Significant improvements have been made to the turbines in 
areas which are known to result in fish injury and potentially mortality and as a result 
of these improvements the mortalities predicted from the STRIKER™ v.4 model have 
been significantly reduced, in particular for the clupeid species such of herring and 
shad, due to reductions in shear stress. 

 

Characterisation or 
Baseline Surveys 
Undertaken to Date or 
Planned for Future 

Surveys: 

 Fish tagging studies: salmon and sea trout smolts: Acoustic tagging studies 
undertaken in 2015.  

 Fish tagging studies: eel: Acoustic tagging studies undertaken in 2015.  



 Fish tagging studies: adult salmon and sea trout:  Acoustic tagging studies 
undertaken in 2015. 

Monitoring trials, to include: 

 Hydroacoustic camera trial survey (S23a): to be undertaken in pre-construction 
and during construction to test the effectiveness of marine based turbine housing 
cameras, to allow subsequent deployment at start of operation. 

 Tail race netting trial survey (S23a): to be undertaken pre-construction and during 
construction to test effectiveness of tail-race netting survey, to allow subsequent 
deployment at start of operation 

 Sensorfish trial survey (S23b): to be undertaken pre-construction and during 
construction to test effectiveness of sensorfish in large infrastructure marine 
environments, to allow subsequent deployment at the start of operation. 

Data review: 

 Intertidal and subtidal fish surveys (Objective F3, S24) 

 Drop down camera surveys (Objective ME1, S16) 

Proposed Repeat 
Survey/Monitoring 

Surveys: 

 Fish tagging studies: salmon and sea trout smolts (S23c): Repeat monitoring 
undertaken for up to the first three years of operation using a combination of 
active tracking and fixed listening stations. 

 Fish tagging studies: eels (S23d): Repeat monitoring undertaken for up to the first 
three years of operation using a combination of active tracking and fixed receiver 
stations. 

 Fish tagging studies: adult salmon and sea trout (S23e): Repeat monitoring 
undertaken for up to the first three years of operation using a combination of 
active tracking and fixed receiver stations. 

Other monitoring, to include: 

 Hydro-acoustic camera survey (S23a): Turbine monitoring through acoustic 
cameras will be undertaken throughout Year 1 of operation to provide an 
understanding of potential fish entrainment. Survey data will be assessed and need 
for subsequent surveys will be reviewed on an annual basis as part of the AEMP 
process. The development of the surveys will also take on-board advances in 
technology and monitoring techniques, and results of any field trials  

 Tail race netting trial survey (S23a): The scope and extent of tail race netting 
surveys will be determined through the results of field trails and will be agreed in 
advance of lagoon operation. Survey data and the need for subsequent surveys will 
reviewed on an annual basis as part of the AEMP process. The development of the 
surveys will also take on-board advances in technology and monitoring techniques, 
and results of any field trials  

 Sensorfish trial survey (S23b): The scope and extent of tail race netting surveys 
will be determined through the results of field trails and will be agreed in advance 
of lagoon operation. Survey data and the need for subsequent surveys will 
reviewed on an annual basis as part of the AEMP process. The development of the 
surveys will also take on-board advances in technology and monitoring techniques, 
and results of any field trials.  

Data review: 

 Intertidal and subtidal fish surveys (Objective F3, S24) 

 Drop down camera surveys (Objective ME1, S16) 

Key receptors  Sea trout 



 Atlantic salmon 

 European eel 

 Twaite and allis shad 

 River lamprey 

 Sea lamprey 

 Plaice 

 Bass 

 Sole 

 Sandeel 

 Herring 

 Cod/Whiting 

 Any other fish species encountering the turbines and sluices 

Acoustic camera surveys will gather data on all species present and encountering the 
turbines and sluices. Key additional receptors are salmon, sea trout and eel as 
targeted by the tracking. Sensorfish surveys will then gather more general data for the 
models which can be used for all species. 

Monitoring approach Monitoring is proposed to provide a greater understanding of the interaction 
between fish species in Swansea Bay and the lagoon turbines and sluice structures 
and to reduce uncertainty, through validation of identified modelling input 
parameters. As such, a combination of quantitative and qualitative monitoring 
approaches will be used.  

This objective is not intended to quantify numerical changes against a baseline as a 
potential trigger for mitigation or management measures as no comprehensive 
baseline population level data exists to assess against. Therefore the monitoring 
proposed is intended to provide a comparison of data to validate input parameters 
used within modelling approaches and provide refinement. Table F1.2 demonstrates 
the various input parameters and assumptions used within the encounter rate 
modelling, that will be validated through the monitoring methods. 

A simplistic trigger level framework has therefore been developed on the basis of 
confirmation of input parameters used. In the event that input parameters are 
considered to be inaccurate and require review, the framework will be used to trigger 
review of modelling and potential management and mitigation measures. This is set 
out in Figure F1.1 below. 

Data collected through monitoring techniques proposed will also be analysed and 
reported against the F1 Objective within the Annual Monitoring Report, as part of the 
AEMP process. This will provide a qualitative assessment of fish behaviour at turbines 
and sluice gates and the potential for injury and/or mortality as a result of 
fish/turbine interactions. 

Further/ remedial 
action 

Offsetting for salmon and sea trout will be provided as set out in the 'Fish and 
Shellfish Mitigation Strategy', secured by Requirement 27 and as detailed in Objective 
F4.  

Monitoring proposed will be used to validate parameters within the STRIKERTMv.4 as 
well as the IBM and alternative models to test predictions made, where possible. 
Should monitoring demonstrate inaccuracy of parameters used, models will be re-run 
to understand how this may influence impact predictions. In combination mitigation, 



monitoring and offsetting measures would be reviewed in consultation to determine 
if further mitigation by offsetting is required. 

 
 
  



Table F1.2 Encounter rate modelling parameters and monitoring proposed to provide validation 

Input parameter or 
assumption 

Model validation applied to 

Monitoring proposed for model validation 
IBM Draw Zone 

Alternative 
Draw Zone 

STRIKER™ v.4 

Shear stress levels    X Sensorfish surveys and tail race netting 

Pressure levels    X Sensorfish surveys and tail race netting 

Blade strike occurrence    X Sensorfish surveys and tail race netting 

Fish orientation in draught 
tube 

   X Sensorfish surveys and tail race netting 

Fish position in draught tube    x Sensorfish surveys and tail race netting 

Swim Speed (ms-1) of fish x X x  
Tagging and tracking, and use of passive 
arrays for tracking. 

Directedness (radians) of fish 
swimming 

x    
Tagging and tracking, and use of passive 
arrays for tracking. 

Max/min depths (m)  X   
 Tagging and tracking, and use of passive 

arrays for tracking. 

Random / even distribution 
of fish 

 X x 
 Tagging and tracking and broad scale fish 

assemblage surveys. 

Population range of fish  X x 

 Tagging and tracking with genetic studies to 
support this so retrieved fish can be located 
to their spawning river by their genetic 
signature 

Seasonal population 
distribution of fish 

 X x 

 Tagging and tracking with fish captured at 
appropriate points as near to the lagoon as 
possible to give the most accurate estimate 
as to when they are passing the lagoon. 
Broad scale fish assemblage surveys (F3). 

Avoidance behaviour of fish 
(e.g. noise, vibration, water 
chemistry, increased flows, 
temperature, scent, 
predation) 

x x x 

 

Tagging and tracking.  
Hydroacoustic cameras. 

Attraction behaviour of fish 
(e.g. noise, vibration, water 
chemistry, increased flows, 

x x x 
 

Tagging and tracking  
Hydroacoustic cameras. 



Input parameter or 
assumption 

Model validation applied to 

Monitoring proposed for model validation 
IBM Draw Zone 

Alternative 
Draw Zone 

STRIKER™ v.4 

temperature, scent, 
predation) 

Exposure of fish to lagoon 
through multiple tidal cycles  

x x x 
 Tagging and tracking and use of passive 

arrays for tracking 
Hydroacoustic cameras. 

Delay and failed migration 
due to impoundment 

 x X 

 Tagging and tracking; Hydroacoustic 
cameras; Fish assemblage surveys within the 
lagoon to identify impact of delayed 
migration on salmon and sea trout. 

Likely horizontal or vertical 
position of fish when 
encountering lagoon 

x   
 

Hydroacoustic cameras  
Sensorfish and tailrace netting. 

Variation in the probability 
of turbine encounter when 
entering or  exiting  

x X x 
 

Hydroacoustic cameras.  
Tagging and tracking with passive arrays. 

Mode of entry into and out 
of the lagoon (turbines or 
sluices) 

x x x 
 

Hydroacoustic cameras  
Tagging and tracking. 

Diurnal activity of fish  x x 

 Tagging and tracking with passive arrays. 
Hydroacoustic camera surveys to identify 
what times of day species are active and 
encountering the turbines. 

 



 

 

Figure F1.1 Trigger level framework fish monitoring  

 

 

 

 



 

Scope of Works related to completion of Objective F1. 
 
S23a – Turbine and Sluice monitoring – Hydroacoustic camera surveys and tail race netting 
 
Details of this monitoring will be developed in discussion between TLSB and relevant parties prior 
to operation. 
  

Survey ID S23a – Turbine and Sluice monitoring - Hydroacoustic camera surveys and 
tail race netting 

Aim The initial focus will be on the use of existing suitable technology adapted 
for use at Swansea and  deployed in order to monitor fish turbine 
entrainment and mortality once the lagoon is operational. These 
techniques will rely on current available equipment and methodologies 
unless this is superceded by  new, more effective bespoke technology.   

Data will be used to : 

 verify the STRIKER™ v.4 model and if necessary contribute to 
improvements in future accuracy. 

 understand fish avoidance or attraction behaviour around the 
turbine and sluice gate housing structure including intra and 
interspecific interactions. 

 contribute to TLSB assessment of off-setting requirements and 
ensure that appropriate off-setting targets have been established. 

Given the unique nature of TLSB, the development of new techniques and 
technology are likely to evolve as manufacturers consider future marketing 
opportunities and Universities, and other establishments, take advantage of 
research opportunities.  

These developments may then give rise to new methods of assessing 
effects as yet, unforeseen.  

Overview of Scope TLSB proposes to monitor fish entrainment through the use of 
hydroacoustic cameras (e.g. ARIS,  DIDSON, Blue-view) on the turbine and 
sluice gate housing structure coupled with tail race netting.   

This study will focus on monitoring individual turbine units with a fixed 
position hydroacoustic camera on the turbine hydraulic passage.  The 
hydroacoustic cameras will be positioned below the water surface to 
maximise sampling volumes covering the intake or draft tube exit of the 
turbine. These will be used to estimate the fish numbers, and where 
possible sizes of fish, and species as well as avoidance and attraction 
behaviour when the turbines are starting up for generation.  

Targeted tail race netting will be used in the initial period, post operation, 
to ground truth the images collected by the acoustic cameras and 
understand possible injuries and mortalities from the turbines.  

Tail race netting will be undertaken by positioning a small fishing vessel 
with a bass trawl (surface / midwater rigged otter trawl) downstream of a 



turbine to collect a number of samples over a defined period. For each 
sampling period, flow from one turbine, fitted with acoustic cameras, would 
be monitored. 

The sampling would be repeated to enable a full range of both ebb and 
flood tides to be monitored as well as riverine spate conditions.  

Direct capture of specimens and assessment of condition following turbine 
passage will be validated against the contemporaneous hydroacoustic 
camera data, which will allow for subsequent extrapolation of data.  

‘Control’ samples to assess for net-related damage to fish will be obtained 
by operating the same trawling gear actively in open water at a large 
enough distance from the turbines to eliminate risk of capturing turbine 
damaged fish.  

In turbine and control cases, samples of fish will be examined for 
pathological conditions including lacerations / body severing / decapitation, 
spinal damage / torsion injuries, scales loss, haemorrhaging, eye 
embolisms, and swim bladder rupture.  

Survey Timing Research into new, and adaption of existing, technologies will commence 
prior to the start of lagoon construction thus enabling the hydroacoustic 
surveys on the turbine housing and targeted tail race netting to be 
implemented following the start of Lagoon operations.  

The selection of operational monitoring equipment will be made developed 
prior to operation, to allow pre-operational testing and calibrate 
equipment, to ensure optimisation of monitoring equipment and safe and 
effective deployment once the lagoon is operational. 

Survey Frequency It is anticipated that the turbine monitoring surveys will initially be focussed 
over the first year of lagoon operation, in order to further understand the 
impacts of the turbines and sluices over a range of tidal and environmental 
conditions (including river flows) and to enable the full seasonal range of 
fish species, and assemblage, to be monitored.  

Data Quality All data are to be acquired to appropriate standards  

The data obtained from the research and operational phases of this 

objective will be used in conjunction with the results from other surveys 

including the Sensorfish surveys, fish tagging and tracking studies (set out in 

S23b, c, d and e below) and the subtidal/intertidal monitoring set out in F3.  

It is anticipated that further technological developments will take place 
before the lagoon construction is completed. TLSB will ensure any new 
developments and the benefits that they might have in relation to 
monitoring on the Swansea Lagoon will be reviewed and incorporated in 
project design as appropriate, in consultation with NRW as part of the 
AEMP process. 

Prior to operation of the turbines, and during the construction phase, 
discussions will be on-going with the providers of the technology in order to 
explore the development of bespoke equipment for the site which will 
provide the highest quality results possible, as set out within the Fish 
Monitoring and Offsetting Strategy .  



Reporting Results of the trials and subsequently the operational surveys to be 
reported to the Fish Topic Review Group through the Annual Monitoring 
Report. 

Review Process For operational monitoring, a Substantive Review is proposed following the 
first year operational data analysis and reporting.  The requirement for 
further monitoring would be discussed and determined through the AEMP 
review process. 

 

  



S23b– Turbine and Sluice monitoring – Sensorfish Surveys 
 
Details of this monitoring will be developed in discussion between TLSB and relevant parties prior 
to operation. 
  

Survey ID S23b – Turbine and Sluice monitoring  - Sensorfish surveys 

Aim The initial aim will be to develop suitable techniques that will then be 
deployed in order to monitor fish turbine entrainment and mortality once 
the lagoon is operational. These techniques may rely on current available 
equipment or, upon new bespoke technology if the latter is more effective. 
The initial focus will be on the use of existing technology adapted for use at 
Swansea.  

Data will be used to : 

 verify the STRIKER™ v.4 model and if necessary contribute to 
improvements in future accuracy. 

 contribute to TLSBs assessment of off-setting requirements and 
ensure that appropriate off-setting targets have been established. 

Given the unique nature of TLSB the development of new techniques and 
technology are likely to evolve as manufacturers consider future marketing 
opportunities and Universities and other establishments, take advantage of 
research opportunities. Discussions with the manufacturers of Sensorfish, 
Sonic Concepts, have indicated that further add-ons to the existing 
capability of Sensorfish are entirely feasible including, use of Bluetooth 
technology to link to mobile phones and radio-transmitters so that passage 
through turbines can be more closely monitored.  

These developments may then give rise to new methods of assessing 
impacts as yet, unforeseen.  

Overview of Scope TLSB proposes to monitor the physical environmental conditions within 
operational turbines and sluices through the use of Sensorfish (or 
equivalent technology) surveys  Such surveys have been successfully 
undertaken in the USA since the 1990s when they were used to study fish 
movement through hydro schemes on the Columbia and Snake rivers.  

Data gathered from Sensorfish passed through the active turbines and 
sluices will enable acceleration, rotation and orientation and importantly, 
pressure changes, to be monitored. Such factors are essential parameters 
within the STRIKERTM v.4 injury model used to determine the likelihood of 
fish injury through strike, shear pressure, pressure change and cavitation.  

Sensorfish will be released, at a range of locations and depths such that 
their subsequent position within the housing and turbine can be 
established. The Sensorfish are then recovered, using their inbuilt radio-
beacon, and data obtained during the passage downloaded and 
subsequently analysed.   

The Sensorfish will be used to monitor internal turbine conditions over a 
range of operating states (eg. sluicing, generating, pumping) as well as full 
tidal cycle and range during both ebb and flood cycles.  



Survey Timing Research into new, and adaption of existing, technologies will commence 
prior to the start of lagoon construction thus enabling the sensor fish 
surveys to be implemented following the start of Lagoon operations.  

The survey methodology will be developed prior to operation, to allow 
survey trials and testing, to ensure optimisation of survey methodologies 
and safe and effective deployment once the lagoon is operational. 

Survey Frequency The Sensorfish surveys will  be focussed over the first year of lagoon 
operation, in order to determine the potential impacts of the turbines and 
sluices over a spring and neap tidal cycle. The frequency with which surveys 
take place will be influenced by the availability of Sensorfish units. The 
success with which data is gathered will also influence survey frequency 
with, for example, loss of Sensorfish units and their associated data 
necessitating more replicates.   

Data Quality All data are to be acquired to appropriate standards  

The data obtained from the research and operational phases of this 

objective will be used in conjunction with the results from other surveys 

including the hydroacoustic camera surveys, fish tagging and tracking 

studies (set out in S23a, c, d and e) and the subtidal/intertidal monitoring 

set out in F3.  

It is anticipated that further technological developments will take place 
before the lagoon construction is completed. TLSB will ensure any new 
developments and the benefits that they might have in relation to 
monitoring on the Swansea Lagoon will be reviewed and incorporated in 
project design as appropriate, in consultation with NRW as part of the 
AEMP process. 

Prior to operation of the turbines, and during the construction phase, 
discussions will be on-going with the providers of the technology in order to 
explore the development of bespoke Sensorfish for the Project which will 
provide the highest quality results possible, as set out within the Fish 
Monitoring and Offsetting Strategy.  

Reporting Results of the trials and subsequently the operational surveys to be 
reported to the Fish Topic Review Group through the Annual Monitoring 
Report. 

Review Process For operational monitoring, a Substantive Review is proposed following the 
first year operational data analysis and reporting.  The requirement for 
further monitoring would be discussed and determined through the AEMP 
review process. 

 
  



S23c– Fish Tagging studies, salmon and sea trout smolts 
 
Details of this monitoring will be developed in discussion between TLSB and relevant parties prior 
to operation. 
 

Survey ID S23c - Fish tagging studies - salmon and sea trout smolts  

Aim The aim of the tagging studies is to gather further data on smolt 
movements, to improve understanding of migratory fish movements 
out of, the Rivers Tawe, Neath and Afan and across the Swansea Bay 
area and to verify the IBM and alternative encounter rate model 
parameters.  

Overview of Scope Salmon and sea trout smolts will be captured locally and fitted with 
acoustic transmitting tags and released at river or marine locations as 
appropriate. Tracking of movements will be undertaken through 
either, or both, of the following methods:  

 Via a network of passive underwater listening stations 
positioned at strategic points (e.g. on existing data buoys or 
fixed structures).  The number of receivers deployed and their 
location will be determined by a number of technical and 
practical factors including, for example, a suitable tag 
detection range (e.g.  ~500m) and receivers located placed in 
areas where they won’t interfere (or be interfered with) 
shipping and fishing activities. 

 By active tracking using a boat mounted receiver to either 
follow the migration paths of individual smolts or to carry out 
sweep survey transects across the Bay to identify any tagged 
smolts present in the Bay.  

Baseline studies are limited to active tracking methods.  Analysis of 
active tracking position-time data will be carried out within the 
framework of the Coastal Processes Hydraulic Model so that real smolt 
swimming data can be separated from tidal and fluvial movements. 

Survey Timing The surveys will be undertaken with capture, tag and release of 
specimens of salmon / sea trout smolts in March/April / May. This is to 
align with the period when the smolts are emigrating from the river 
systems. 

Survey Frequency An initial baseline survey was undertaken in 2015. 

Further monitoring will be undertaken in the first two years of 
operation to understand smolt behaviour around the constructed 
Project and methods will be reviewed through further discussion 
between TLSB and relevant parties. 

Data Quality All fish tagging work is subject to permitting by the Home Office under 
the Animals (Scientific Procedures) Act 1986. Capture of smolts and 
adults will be under licence from NRW. 



Reporting Each year a report describing the surveys undertaken and data 
interpretation will be provided to the Fish Topic Review Group in the 
Annual Monitoring Report. A Substantive Review is proposed following 
the first year operational data analysis and reporting and the 
requirement for further monitoring would be discussed and 
determined through the AEMP review process. 

 
  



S23d– Fish Tagging studies - silver eel 
 
Details of this monitoring will be developed in discussion between TLSB and relevant parties prior 
to operation. 
 

Survey  S23d - Fish tagging studies – silver eel 

Aim The aim of the tagging studies is to gather further data on silver eel 
movement to improve understanding of migratory fish movements out 
of the Rivers Tawe, Neath and Afan and their subsequent movement 
across the Swansea Bay area and to verify the IBM and alternative 
encounter rate model parameters. 

Overview of Scope Eel would be captured locally, where possible, and fitted with acoustic 
transmitting tags and released at river or marine locations as 
appropriate. Tracking of movements would be undertaken through two 
methods with preference for the former following experience of active 
tracking during the baseline studies  

 Via a network of passive underwater listening stations positioned 
at strategic points (e.g. on existing data buoys or fixed structures).  
The number of receivers deployed and their location will be 
determined by a number of technical and practical factors 
including, for example, a suitable tag detection range (e.g.  
~500m) and receivers located placed in areas where they won’t 
interfere (or be interfered with) shipping and fishing activities. 

 By active tracking using a boat mounted receiver to either follow 
the migration paths of individual eel or to carry out sweep survey 
transects across the Bay to identify any tagged eel present in the 
Bay.  

Baseline studies are limited to active tracking methods. Capture of eel 
for tagging is invariably problematical where there are not routine 
capture facilities (e.g. eel racks) as is the cases for the local rivers. It will 
be desirable to source local eel as far as possible however, if this is 
unsuccessful then eels will be sourced from elsewhere. 

Analysis of active tracking position-time data will be carried out within 
the framework of the Coastal Processes Hydraulic Model so that eel 
swimming data can be separated from tidal and fluvial movements. 

Survey Timing The surveys will be undertaken with capture, tag and release of 
specimens of silver eel in autumn.  This timing aligns with the period 
when the species is migrating out of river systems or Bay (in case of 
marine residents). 

Survey Frequency An initial baseline survey was undertaken in 2015. 

Further monitoring is proposed in the first two years of operation and 
potential methods will be reviewed through further discussion between 
TLSB and relevant parties. 



Data Quality All fish tagging work is subject to permitting by the Home Office under 
the Animals (Scientific Procedures) Act 1986. Captures of silver eel will 
be under licence from NRW. 

Reporting Each year a report describing the surveys undertaken and data 
interpretation will be provided to the Fish Topic Review Group in the 
Annual Monitoring Report. A Substantive Review is proposed following 
the first year operational data analysis and reporting and the 
requirement for further monitoring would be discussed and determined 
through the AEMP review process. 

 
  



S23e– Fish Tagging studies - adult salmon and sea trout 
 
Details of this monitoring will be developed in discussion between TLSB and relevant parties prior 
to operation. 
 

 Survey  S23e- Fish tagging studies - adult salmon and sea trout 

Aim The aim of the tagging studies is to gather further data on adult 
salmon and sea trout movement to improve understanding of 
migratory fish movements across the Swansea Bay area into and out 
of the Rivers Tawe, Neath and Afan and to verify the IBM and 
alternative encounter rate model parameters. 

Overview of Scope Within the studies adult salmon and sea trout would be captured 
locally and fitted with acoustic transmitting tags and released at river 
or marine locations as appropriate. Tracking of movements would be 
undertaken through at least one of the following two methods with 
the former being preferable :  

 Via a network of passive underwater listening stations 
positioned at strategic points (e.g. on existing data buoys or 
fixed structures).  The number of receivers deployed and their 
location will be determined by a number of technical and 
practical factors including, for example, a suitable tag 
detection range (e.g.  ~500m) and receivers located placed in 
areas where they won’t interfere (or be interfered with) 
shipping and fishing activities. 

 By active tracking using a boat mounted receiver to either 
follow the migration paths of individual fish or to carry out 
sweep survey transects across the Bay to identify any tagged 
adult salmon and sea trout present in the Bay.  

Baseline studies are limited to active tracking methods. Capture of 
fish for tagging is invariably problematical where there are not 
routine capture facilities. It will be essential to source local adult 
salmon and sea trout for these tracking studies.    

Analysis of active tracking position-time data will be carried out 
within the framework of the Coastal Processes Hydraulic Model so 
that real adult salmon and sea trout swimming data can be 
separated from tidal and fluvial movements. 

Survey Timing The surveys will be undertaken with capture, tag and release of 
specimens of adult salmon / sea trout in the autumn, to align with 
the period when the species are utilising the river systems. 

Survey Frequency An initial survey has been undertaken in 2015.  Further monitoring is 
proposed in the first two years of operation and potential methods 
will be reviewed through further discussion between TLSB and 
relevant parties. 



Data Quality All fish tagging work is subject to permitting by the Home Office 
under the Animals (Scientific Procedures) Act 1986. Captures of fish 
will be under licence from NRW. 

Reporting Each year a report describing the surveys undertaken and data 
interpretation will be provided to the Fish Topic Review Group in the 
Annual Monitoring Report. A Substantive Review is proposed 
following the first year operational data analysis and reporting and 
the requirement for further monitoring would be discussed and 
determined through the AEMP review process. 
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F2: To monitor herring spawning mitigation on the Lagoon wall 

Objective 
EIA/DCO/ML 

Review of anecdotal evidence used to inform the ES led to a prediction that the 
Project has the potential to adversely affect one of three herring spawning areas 
within the Bay, through the loss of some potential herring spawning habitat under 
the lagoon seawall. Impacts for such effects were predicted to be potentially 
significant on a local scale without mitigation. 

The provision of spawning media on the foot of the Western landfall was proposed to 
provide further diversity of spawning habitat and to mitigate the losses under the 
lagoon wall. With consideration of the application of such mitigation measures, the 
ES concluded impacts would be not significant. The ES also concluded that the 
seawalls of the lagoon would provide a range of suitable spawning habitat which 
would be available for any spawning herring following construction of the Project and 
this was considered a potential positive impact of the Project. However, to confirm 
the implementation of the mitigation, targeted surveys are proposed.   

The objective of F2 is to monitor the lagoon seawall and the spawning media to 
confirm its presence as habitat able to support herring spawning activities within the 
Bay. 

This objective also meets Requirement 27 of the DCO, Fish and shellfish mitigation 
strategy, part (3), which states  In relation to herring, the approved scheme shall 
provide—  

 (b) for the monitoring of the areas where spawning media are placed in the second 
and third year of construction and thereafter in accordance with frequencies 
determined under the AEMP.  

 

Objective WFD  Consideration under the WFD is not required for this Objective. 

 

Primary reason for 
monitoring and 
rationale 

 
 
 
 
 
 
 
 

 

Objective F2 is a Function B Objective, as data collected will be used to confirm the 
implementation of mitigation identified within the ES and as stipulated in DCO 
requirement 27.  The primary reason for monitoring is: 

 To examine the implementation and potential effectiveness of the lagoon 
seawalls and spawning media provided to act as suitable spawning habitat and 
function as a mitigation measure. 

It should be noted that literature review and surveys to date for the Project indicate 
that herring spawning within the Bay is not consistent every year.  In addition to this, 
as outlined in Appendix 7.1.1, to Examiners Written Questions (submitted at 
Deadline II),  (Thornton et al. 2010) suggests that older spawning male herring scout 
along the coast and mark suitable sites for spawning with milt several days before, 
leading the majority of the spawning population into the coast. Also, Aneer et al, 
(1983) and Nøttestad et al, (1996) describe various behaviour patterns in spawning 
shoals, including searching for suitable spawning sites. This adaptive behavioural 
strategy could provide a mechanism whereby most herring avoid any dangerous or 
unsuitable sites for spawning, even if they may have been used extensively in the 
past. Therefore, whilst it may be possible to confirm that viable habitat is present, it 
may not be possible to confirm the effectiveness of the spawning media during 
construction, given that they may choose to spawn elsewhere due to temporary 
localised disturbance.   

The mitigation will be provided as set out in the ES and monitoring will be 
undertaken to confirm its successful implementation through drop down camera 
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surveys as set out in the DCO (refer to ME1 (S16)). Monitoring to confirm the 
successful installation of the herring spawning media will be undertaken in years 2 
and 3 of marine construction, as stipulated by the DCO and it will be used as a 
mechanism to determine whether further investigation is required.  

For a more informed assessment, this Objective will also incorporate icthyoplankton 
surveys, to see if herring are spawning within the wider Bay pre-construction and 
during the second year of operation.  Whether herring are confirmed or not, no 
additional surveys are considered necessary, as the focus of this objective is on the 
provision of spawning media.  It should be noted that surveys of the herring 
spawning media condition will be carried out under Objective ME1 and the following 
provides an overview of the monitoring proposed. 

Confirmation of the presence and possible location of herring spawning in the 
vicinity of the lagoon walls and on the media provided will be achieved through 
dropdown camera surveys (see ME1) during years 2 and 3 of marine construction 
and year 2 of operation.  If media remains in place, no further surveys will take place.  
If media is displaced or becomes smothered by silts, further consideration of the 
effectiveness of the lagoon seawall to act as spawning habitat will be undertaken. 

Drop down camera surveys will be undertaken as part of Objective ME1 (S16) and 
the detail and methodology is provided under that objective. 

Further detail of the introduction of herring spawning media including material, 
location and extent, will be provided within the fish and shellfish mitigation strategy 
(Requirement 27 of the DCO) and this will inform the final design of the surveys 
under ME1. 

 

Background and 
potential Project 
effect  

Herring are identified as a sensitive receptor to the development of the Project due to 
the presence of potential spawning locations within Swansea Bay. The ES recognised 
that Swansea Bay area is not a notable spawning area for herring in a regional 
context, but acknowledged that they are of local importance.  

Through review of anecdotal evidence and in consultation with relevant stakeholders 
including local fishermen, herring are considered to be occasionally present within 
Swansea Bay and evidence suggests that in some years they have been observed to 
spawn within one or more of three areas of the Bay; namely at Mumbles, the 
Swansea Roughs by the Swansea Port eastern breakwater, and Port Talbot Harbour 
wall. They are principally known as a spring-spawning population, spawning between 
the months of February and April. 

Loss of seabed resulting from the construction of the lagoon has the potential to 
reduce the total area of potential spawning habitat within the Bay. Without 
mitigation, these potential impacts were predicted to be moderate on a local scale 
and therefore significant.  The ES concluded that the provision of mitigation, including 
those identified under Requirement 27 part 2a), namely the introduction of spawning 
media (smaller stone/cobbles) at locations including the western face of the lagoon 
would reduce these impacts to minor (ES chapter 9, Table 9.35).  

In addition, the seawall will be covered by rock armour, and, as such, it is anticipated 
that herring may use the lagoon seawall for spawning. This is further corroborated by 
studies undertaken in the Netherlands (Groot, S. J. 1980 and U.S. Army Corps of 
Engineers. 2013). These have demonstrated that where historic spawning areas have 
been obstructed by manmade seawalls, herring spawn on the first available spawning 
material, which in the case subject to study was the seawall.  TLSB intend, to 
incorporate mitigation in the form of spawning media (smaller stone/cobbles), to add 
diversity, within the design of the lagoon seawalls and this will be monitored as set 
out in this Objective.  



Tidal Lagoon Swansea Bay plc 
 

TLSB-AEMP-Section 7-March 2016-V6  Page 7-4 

 

Finally, icthyoplankton trawl surveys were undertaken in 2015, to further understand 
herring spawning activity in the bay. No herring spawning were identified and surveys 
have been repeated in 2016 using a revised method.  A further survey will be 
undertaken immediately prior to construction and in year 2 operation to increase 
understanding.  No further surveys are proposed. 

 

Characterisation 
or Baseline 
Surveys 
Undertaken to 
Date or Planned 
for Future 

Surveys: 

 Ichthyoplankton Monitoring Trawls (S23) – undertaken February to April 2015 
and February to April 2016. Also to be undertaken February to April immediately 
prior to marine construction.  If herring larvae are recorded in any samples, the 
location of herring spawning will be determined using the Lagrangian particle 
tracking model. 

Data review: 

 Review of baseline information on herring spawning within Swansea Bay as 
presented within the ES (Chapter 9). 

Proposed Repeat 
Survey/Monitoring 

Surveys: 

 Ichthyoplankton Monitoring Trawls S23) – Proposed to be repeated (February) in 
the second year of operation.  

During operation it is proposed that subtidal transects 3 and 12 would be 
relocated to the west of their current location to outside of the lagoon. Intertidal 
monitoring during the operational phase would comprise only the Eastern site at 

Port Talbot. Any relocation of sites would be informed by a post construction 

scenario hydraulic model. 

Data review: 

The survey below is associated with Objective ME1. Full details regarding the survey 
are presented under that objective, but it will be used to monitor the condition of the 
herring spawning media placed at the foot of the western breakwater, and the 
presence of herring in the vicinity of this media. 

 Transect surveys by drop-down camera of the lagoon breakwater and targeted 
surveys of biodiversity offsetting features (S16) – in summary, a drop down 
camera survey will be undertaken in February to examine the  condition (presence 
and extent) of herring spawning media provided. The presence of any herring in 
the vicinity of the media will also be recorded for information.   

Additional data review: 

 Previous years monitoring data  

Key receptors  Spawning herring. 

Trigger Levels As identified in ME1, a qualitative trigger level has been established based on the 
presence of the spawning media which indicates successful implementation of the 
mitigation provided. Condition surveys will be undertaken and if the installed herring 
media (gravel/stones) remain in place at the toe of the lagoon wall and are not 
smothered by silt, then the implementation of the mitigation is deemed successful.   

The details of the condition monitoring for the drop down camera surveys is 
presented in Figure F2.1. 

Further/ remedial 
action 

Drop down camera surveys and external intertidal transects undertaken as part of 
Objective ME1 (S16) and (S15) will inform this process and these will be used to 
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further assess the presence of herring spawning media on the foot of the lagoon 
seawall, and potentially herring spawning.  If the media is washed away or becomes 
smothered by silt, further consideration will be undertaken of the effectiveness of the 
lagoon wall as alternative media and the need to replace the media at the foot of the 
lagoon wall.  Data collected from the icthyoplankton trawl in year 2 operation will 
also inform the decision making process. 

 

 
 
 

 
 
Figure F2.1: Herring spawning media condition monitoring  
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Scope of Works related to completion of Objective F2. 
 

S23 Ichthyoplankton Monitoring Trawls 
 
A baseline survey was undertaken in 2015.  The results of the survey and the methods used have 
been reviewed and the methodology for undertaking surveys has been updated in consultation 
with relevant parties. A repeat survey using the new method was undertaken in 2016. 
 

Survey  S23 Ichthyoplankton Monitoring Trawls 

Method Statement (MS)  MS14 

Aim To gain further understanding on the potential presence and 
distribution of herring spawning activity within Swansea Bay. 

Overview of Scope To gain further understanding on the potential presence and 
distribution of any herring spawning activity within Swansea Bay, a 
maximum of 12 vessel based ichthyoplankton trawls are proposed on a 
weekly basis in combination with a maximum of five intertidal 
walkovers on a bi-weekly basis, for a duration of 10 weeks, from the 
beginning of February to mid-April during the year of survey.   

A reactive survey methodology is proposed, to allow survey frequency 
to be assessed during the proposed survey period of a given year.  
Should herring larvae be identified, the age of the larvae will be 
assessed, as described below and should ‘peak’ herring spawning be 
considered to have occurred for the season, survey frequency will be 
reduced or discontinued for that survey period. Herring are not repeat 
spawners and therefore it is considered appropriate to allow a reactive 
survey should herring be confirmed as having spawned. 

Twelve sampling transects have been identified, each approximately 
1km in length equating to a 10 minute trawl at 3.5 knots over ground. 
The proposed pre-construction and construction phase trawl transects 
are presented in Table F2.1 and Figure F2.2. Transects may require 
micro-siting during construction to allow for sampling alongside 
construction activities. During operation, transects 3 and 12 would be 
relocated to the west of the current locations to outside of the lagoon, 
as once the lagoon is in place the hydrodynamics of the bay will change 
and locations within the lagoon footprint will not be suitable for input 
into the backtracking model. The relocation of sites would be informed 
by a post-construction scenario hydraulic model.  

Trawls will be undertaken using a 0.6m diameter bongo net with a 500 
μm mesh. A mechanical flow meter will be attached to the mouth of 
one net to allow accurate calculation of sampled volume and 
subsequent determination of larval density. A data probe will be 
attached to the towing warp as near to the bongo net as possible, to 
provide additional environmental data throughout the tow 
(temperature, pressure / depth and salinity) and a depressor weight 
hung beneath the frame of the net will ensure net stability. 
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Samples will be preserved using a 75% IMS / 25% deionised water 
solution and stored in labelled sample containers before being 
returned to an accredited laboratory for processing. 

Ichthyoplankton in each sample will be separated from other 
invertebrates, specimens will be identified, any clupeid larvae will be 
separated and herring and sprat larvae identified, measured and 
enumerated  

The age of herring larvae will be predicted from total length (LT), 
measured from the tip of the snout to the end of the notocord (Fox 
1996).  

Intertidal walk over surveys will be undertaken on low spring tides to 
support the proposed vessel based trawls. Surveys are proposed to be 
completed bi-weekly (five surveys in total) and will comprise a 
walkover over of the exposed intertidal habitat and the 
presence/absence, location and extent of any egg deposits will be 
observed and recorded. The proposed locations for intertidal walkover 
surveys during the pre-construction and construction phases are 
presented in Figure F2.3. Monitoring during the operational phase 
would comprise only the Eastern site at Port Talbot. 

Following the surveys undertaken, the distribution of any herring 
larvae observed within the trawls of size classes <6–10mm will be used 
to track simulated larvae back to their hatching sites using an offline 
Lagrangian particle tracking model based on hydraulic models  of 
Swansea Bay (ABPMer, Mike 21™ coastal processes model) Such 
models would account for changes in the hydrodynamic regime during 
the relevant stages of construction / operation and correctly represent 
conditions at the time of sampling. 

Survey Timing Surveys are proposed to be conducted between early February and 
mid-April to align with the known herring spawning season. 

Survey Frequency Each set of vessel trawls will be conducted weekly for the duration of 
the 10 week survey period, or until herring are considered to have 
spawned. Intertidal walkover surveys will be conducted bi-weekly in 
support of vessel trawls.   

Surveys have been undertaken in 2015 and are being repeated in 2016 
using a refined methodology. To date the results of the surveys have 
not confirmed the presence of herring spawning within Swansea Bay 
and therefore surveys are proposed to be repeated once more prior to 
construction.  A final survey will be undertaken in year 2 of operation.  

It should be noted that no herring larvae were recorded during the 
2015 survey and following consultation with NRW Advisory and CEFAS 
on survey methods, the methodology presented here has therefore 
been updated to provide a wider survey approach. 

Data Quality All data are to be acquired to appropriate and agreed standards. 
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Reporting Each year a report describing the surveys undertaken and data 
interpretation will be provided to the Fish Topic Review Group in the 
Annual Monitoring Report. 

 
 
Table F2.1: 2016 Herring trawl transect co-ordinates 

Tow 
Transect 

Start Position End Position 

Latitude Longitude Latitude Longitude 

T1 51.55109 -3.98116 51.5548 -3.9678 

T2 51.56751 -3.95389 51.5757 -3.9492 

T3 51.58020 -3.92960 51.5890 -3.9264 

T4 51.55425 -3.93914 51.5542 -3.9248 

T5 51.56346 -3.91648 51.5661 -3.9038 

T6 51.56167 -3.84449 51.5561 -3.8320 

T7 51.57566 -3.89137 51.5789 -3.8771 

T8 51.56954 -3.92797 51.5758 -3.9172 

T9 51.54690 -3.83896 51.5401 -3.8286 

T10 51.56301 -3.88375 51.5604 -3.8691 

T11 51.58387 -3.95992 51.5930 -3.9586 

T12 51.60043 -3.91665 51.6054 -3.9052 

 
 

 
 
Figure F2.2: 2016 vessel trawl locations  
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Figure F2.3: 2016 intertidal walkover locations 
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F3: To monitor any broad-scale changes in fish fauna assemblage within 
Swansea Bay and gain an understanding of the fish diversity associated with 
the lagoon seawall  

Objective EIA/DCO The ES predicted that the lagoon may have an effect on fish populations in Swansea 
Bay, primarily through habitat modification and potential changes to bed composition, 
as a result of changes to the hydraulic regime. This could lead to broad-scale changes 
in fish assemblages. The ES also reported that the lagoon breakwater will introduce 
rocky reef habitat which may increase fish and shellfish biodiversity, potentially 
improving ecological and ecosystem diversity within Swansea Bay post construction. 

Due to the limited size of the lagoon footprint in terms of available habitat in the wider 
Bristol channel, impacts of habitat modification were not considered significant for the 
majority of species. Where potential adverse effects were predicted, appropriate 
mitigation was identified and the ES concluded that the residual effects for the Project 
on broad scale fish assemblages, as a consequence of habitat modification would be 
minor or not significant. 

The objective of F3 is to record the diversity of fish associated with the lagoon seawall 
and to understand any broad-scale changes in fish fauna assemblage within Swansea 
Bay and within the lagoon itself.   

 

Objective WFD The surveys presented under this objective are concerned with monitoring of coastal 
waterbodies, for which fish are not a quality element under WFD. Although not 
directly relevant for WFD, any migratory fish recorded will be reported as passing 
through the study area into transitional and river water bodies where the fish quality 
element is considered. Monitoring under this objective may therefore inform 
monitoring of migratory fish, the detail of which is presented under Objective F1.  

The Water Framework Strategy Report (DCO requirement 42) will set out the 
overarching strategy as to how the results of this monitoring carried out under the 
provisions of the AEMP, validate the findings of the WFD compliance assessment and 
meet the requirements of the WFD. 

 

Primary reason for 
monitoring and 
rationale 

F3 is presented as a Function D Objective, as the data collected is to provide further 
understanding as to the wider effects of habitat modification, including the 
introduction of new rocky reef. In addition to this it is recognised through discussion 
with NRW as part of the marine licensing process, that it may not be feasible to 
monitor the impact of turbines on the fish populations for the various species of 
interest. As such, long term information will be gathered to understand any broad 
scale changes in fish assemblage within Swansea Bay and within the lagoon itself, to 
develop a greater understanding of impacts of such Projects and to inform fleet lagoon 
developments. 

The primary reason for monitoring is: 

 To advise on the potential for broad scale changes in fish assemblages in the 
wider Bay and within the lagoon itself; and 

 To advise on the diversity of fish that become associated with the Lagoon seawall 
and on any changes which may occur over time.  

Broad scale changes in fish assemblages within the wider Bay will be monitored and 
assessed through extension of the autumn (September to November) component of fish 
characterisation surveys, undertaken as part of the EIA for the Project, including the 
area within the lagoon footprint. This provides a defined intertidal and subtidal 
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monitoring programme, to gain an understanding of broad scale fish communities and 
diversity present within the wider Swansea Bay.   

Surveys utilise a combination of intertidal netting techniques and vessel based subtidal 
trawls and for consistency and to enable detailed comparison of survey data, sampling 
methods broadly follow those utilised within the baseline surveys in support of the ES. 
The subtidal surveys consist of 12 trawls at six sites (six beam trawls and six otter 
trawls), pre-construction, during construction and during the operational phases. 
During construction and operation one transect will be relocated approximately 1.5km 
to the south to a location outside of the lagoon boundary.  

A quantitative approach will be used, to allow statistical comparison of data from the 
extended characterisation surveys (which provide a pre-construction baseline), which 
will be compared to data collected during construction and operation phases of the 
Project. 

Drop down camera surveys (S16) are also proposed to be undertaken during the 
operation of the Project to record fish associated with the lagoon wall, and where 
possible to identify behaviours that occur as a result of the structure, to inform fleet 
lagoon projects. Drop down camera surveys will be undertaken as part of Objective 
ME1 and the detail and methodology proposed is provided under that objective. In 
addition to this survey, data collected from anglers using the lagoon wall will be 
recorded where possible. Angling catch data would be utilised to further understand 
fish species presence within the vicinity of the lagoon, such data would inform a 
qualitative view in terms of species present and the identification of any new species 
to the area. 

 

Background and 
potential Project 
effects 

Chapter 9 of the ES provides details of the data review and site specific survey work 
carried out to inform the assessment of impacts of the lagoon.   
Due to the limited size of the lagoon footprint in terms of available habitat in the 
wider Bristol channel, impacts of habitat modification were not considered significant 
for the majority of species. Where potential adverse effects were predicted, 
appropriate mitigation was identified and the ES concluded that the residual effects of 
the Project during construction and operation would be minor or insignificant for all 
fish species considered (Tables 9.28 - 9.38, Chapter 9).   Objectives F1 and F5 detail 
monitoring required for any mitigation and offsetting that will be implemented.  
 
Overall it is considered that the Project would introduce rocky reef habitat which 
studies have shown can increase fish and shellfish biodiversity. The ES concluded that 
this has the potential to improve ecological and ecosystem diversity within the Bay, 
with consequent beneficial impacts on recreational and commercial angling.  

 

Characterisation or 
Baseline Surveys 
Undertaken to Date 
or Planned for 
Future 

Surveys: 

 Intertidal and subtidal fish surveys (S24) – baseline surveys undertaken in autumn 
2015 and autumn 2016 and repeated in the autumn prior to marine construction.  

Data review: 

Review of evidence as described within Chapter 9 of the ES for the Project. 

 Intertidal and subtidal fish surveys – characterisation surveys undertaken in winter 
2012, and quarterly throughout 2013 and 2014.  

Proposed Repeat 
Survey/Monitoring 

Surveys: 

 Intertidal and subtidal fish surveys (S24) - Autumn – years 2 and 4 during marine 

construction (outside construction area only) and years 1, 2, 4 and 8 of operation. 
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The frequency of surveys and survey methods will be reviewed as part of the AEMP 

review process, based on previous years monitoring results, to determine the 

requirement for subsequent years monitoring. 

Data review: 

 Drop down camera surveys (ME1, S16)  

 Previous year's monitoring data. 

 Catch data from anglers using the lagoon seawall. 

Key receptors  All fish species identified as present within Swansea Bay. 

Monitoring 
approach 

With regards to monitoring broad scale changes in fish assemblages as a result of the 
Project, it is not considered possible to measure relatively small changes in stocks, or 
to distinguish changes that occur through natural ecosystem processes (such as 
climate variability) or other anthropogenic (principally industrial) impacts to the Bay, 
and those brought about specifically by the Project. Therefore this objective is not 
intended to quantify numerical changes against a baseline as a potential trigger for 
any mitigation or management measures and as such trigger levels are considered 
inappropriate. 

Extension of the fish characterisation surveys will provide a more robust 
characterisation of the fish fauna assemblage within the Bay allowing for an 
assessment of diversity pre-construction and both during construction and during 
operation. This allows for a quantitative assessment of community structure to 
provide an understanding of potential changes in fish assemblages as a result of the 
Project and this will be reported in the Annual Monitoring Report. 

Consideration of hypotheses will allow a test of potential changes in the broad scale 
fish community. Null hypotheses have been developed, in order to provide a 
mechanism to consider the potential effects of the Project on the diversity of the fish 
assemblage of Swansea Bay and this is set out below.  

The hypotheses will be tested using a range of statistical measures including; 

 The Shannon Diversity index, which provides a measure of the species diversity 
and distribution within the fish community for each data set;  

 The Bray-Curtis dissimilarity statistic, which allows a comparison of community 
similarity or lack of similarity for each dataset; and 

 Canonical correspondence analysis (CCA), which allows assessment of the fish 
community complexity using species diversity and environmental factors.   

CCA could be used to explore the relationship between species diversity and a number 
of environmental variables including salinity, temperature and substrate 
type.  However, in this context, where the scheme will not influence salinity or 
temperature, it is proposed to focus on the relationship between diversity and 
changes in /addition of hard substrate, since this environmental variable will be 
influenced by the introduction of the lagoon wall.   

These measures will be used to test the potential effect of the Project during 
construction and operation. Firstly the diversity or similarity of the pre-construction 
baseline data is tested and this enables a comparison of survey data collected during 
construction and operation.  

H10: The autumn fish community diversity/similarity does not significantly differ in 
the survey years prior to lagoon construction.  
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If H10 is accepted then the pre-construction survey data are pooled and this is termed 
“the pre-construction autumn fish community diversity.” Data during construction and 
operation will then be collected and the null hypothesis can be tested: 

H20: The autumn fish community diversity/similarity is not significantly different in 
the pre-construction period compared to the post-construction period. 

If the null hypothesis cannot be accepted then the alternate/research hypothesis, in 
this case indicating broad scale changes in fish community diversity, is accepted.  

It should be noted that temporary effects on the fish community of Swansea Bay may 
be anticipated during construction, due to disturbance impacts as assessed within the 
ES (Chapter 9). Whilst these effects are not predicted to be significant it is noted that 
the habitat may take a number of years to stabilise to a new equilibrium, which would 
affect biodiversity in the interim. It is therefore proposed that, whilst surveys will be 
conducted during the anticipated stabilisation period to monitor this process and the 
results will be reported in the Annual Monitoring Report, before-and-after 
comparisons will only be made once the habitat appears to have stabilised, informed 
by expert judgement.  This assessment will consider the wider Bay and the lagoon 
environments.  

Comparisons can then be used to analyse potential larger scale changes to fish 
community diversity that may result from the development of a lagoon. 
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Scope of Works related to completion of Objective F3. 

S24 Intertidal and Subtidal Fish Surveys 

For consistency of data collection survey methods would follow those utilised in the baseline for 
the ES.   
 

Survey  S24 Intertidal and subtidal fish surveys 

Method Statement (MS)  MS15 

Aim To identify and monitor any broad-scale changes in fish fauna 
assemblage within Swansea Bay including within the lagoon itself, as a 
result of the Project. 

Overview of Scope To monitor and understand any broad-scale changes in fish fauna 
assemblage within Swansea Bay, repeat autumn surveys (September 
to November) are proposed, which utilise a combination of subtidal 
and intertidal netting techniques at a total of 12 locations across 
Swansea Bay; six sites are located in the intertidal zone and six sites 
are located in the subtidal zone. 

The autumn period (September to November) is considered to 
provide a representative view of the fish communities for the 
following reasons: 

 Annual recruitment is complete for most species; 

 Young of year fish have matured to a size where they are 
readily retained in sampling nets; 

 Stocks will not yet have begun offshore overwintering 
movements. 

The programme is consistent with sampling strategies described by 
WFD-UK UKTAG (2014) for fish fauna within transitional water bodies 
and is appropriate for use in coastal water bodies. The programme is 
also consistent with the approach adopted by the Environment 
Agency’s (England) for delivery of the current years WFD marine 
monitoring programme which has been reduced to an annual, autumn 
survey. 

During the pre-construction phase, the subtidal survey will consist of 
12 trawls at six sites (Tables F3.1 and  F3.2 and Figures F3.1 and F3.2) 
and will be surveyed using:  

 An otter trawl with a 15m head line, the depth from head line to foot 
line is 3.6m. The net will be trawled for 30 minutes at each station 
averaging between 1.8 and 2.1 knots; and  

 A single 1.5m beam trawl carried out along a parallel transect for a 
period of 30 minutes at an average speed of between 1.5 and 2 knots. 

Transect 3 will be relocated approximately 1.5km to the south during 
the construction and operational phase to a location outside of the 
lagoon boundary. The new location overlays the same biotope habitat 
type and has similar water depths to the existing Transect 3. 
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An additional two transects inside the lagoon are also proposed 
during the operational phase, to characterise fish assemblages inside 
the lagoon and to allow for a comparison of the broad pre-
construction assemblage and operational phase assemblages outside 
the lagoon. These surveys are proposed to be conducted using the 
same beam trawl methodology, subject to health and safety 
requirements and the location of these would be subject to the final 
lagoon design and take account of seabed bathymetry and substrate 
within the lagoon; the locations are therefore not defined at the 
stage.  It is considered at this time that only beam trawls will be 
feasible within the lagoon footprint.  This will be reviewed prior to 
operation. 

During the pre-construction and construction phase, a total of six 
intertidal sites (Table F3.3 and Figure F3.3) will be sampled during the 
surveys using two different surveying methods:  

 A beach seine net (43m long by 4m deep, with 14mm wings and 
6.5mm knotless mesh) set from an inflatable vessel in accordance 
with JNCC procedural guidelines.  The net will be set and hauled twice 
at each sampling station. 

 A Riley push-net (1.5m wide push-net with a 6.5mm mesh trouser legs 
lined with 1mm fry mesh and a tickler chain mounted on the net to 
increase efficacy). Transects measuring 100 m will be marked out on 
the shore and the net lifted and placed in knee deep water from the 
shore. Two replicates will be undertaken at each sampling station. 

During the operation phase it is proposed to split the sampling at 
intertidal site 16 into two separate locations (16a and 16b), one within 
the lagoon and one outside the lagoon (Table F3.4 and Figure F3.4). 
This will allow monitoring of the intertidal fish community within the 
lagoon following construction, to understand changes to fish 
assemblages. This will also allow for monitoring outside of the lagoon 
near the mouth of the river Neath as well as the mouth of the river 
Tawe, to monitor the potential effect on fish assemblages as a result 
of the introduction of the lagoon wall. 

For each survey the catch will be identified to species level and 
measured to the nearest millimetre; fish are to be sub-sampled when 
>50 specimens of the same species were captured.  

Macroinvertebrates will be recorded and identified to lowest practical 
taxonomic level. After processing all fish and invertebrates will be 
returned to the water. 

Temperature, salinity and dissolved oxygen will be recorded at each 
site sampled in support of trawls undertaken. 

Survey Timing Baseline surveys have been undertaken in autumn 2015 and will be 
repeated in autumn 2016 and prior to marine construction to provide 
a representative view of the fish communities present. 

Survey Frequency Surveys are to be repeated during year 2 and 4 of the marine 
construction phase, outside the lagoon only. Proposed locations are 
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detailed in Tables F3.1 and F3.2 with the relocation of transect 3 to 
approximately 1.5 km to the south, outside of the lagoon boundary. 

During operation, to deal with the possible long term stabilisation 
period both external to and within the lagoon footprint, monitoring 
will be carried out at geometric intervals, i.e. 1, 2, 4 and 8 years.  
Surveys will be carried out both inside and outside of the lagoon 
footprint.  

The frequency of surveys and survey methods will be reviewed as part 
of the AEMP review process, based on previous years’ monitoring 
results, to determine the requirement for subsequent years 
monitoring. 

Data Quality All data are to be acquired to relevant and agreed data standards. 
Survey programme is consistent with sampling strategies for UKTAG 
(2014) guidance for fish fauna within transitional water bodies and 
consistent with the approach adopted by the Environment Agency for 
delivery of the current years WFD marine monitoring programme. 

Reporting Each year a report describing the surveys undertaken and data 
interpretation will be provided to the Fish Topic Review Group in the 
Annual Monitoring Report.  

 
 
 
Table F3.1: Subtidal otter trawl survey locations pre-construction, construction and operational 
phases.  

Site  
Code 

Otter Trawls 

Start End 

O1 51:32.46N 3:50.28W 51:33.24N 3:50.50W 

O2 51:34.60N 3:50.04W 51:35.25N 3:51.15W 

O3 51:35.60N 3:53.31W 51:35:17N 3:53.12W 

O4 51:34.187N 3:58.09W 51:34.56N 3:57.26W 

O5 51:34.34N 3:54.40W 51:34.29N 3:55.07W 

O6 51:35.07N 3:57.23W 51:35.45N 3:56.36W 

* During construction and operation phase monitoring site O3 will be moved ~1.5 km to the south to 
coordinates – Start 51:34.79110N 3:53.27660W / Finish 51:34.36143N   3:53.08650W  
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Table F3.2: Subtidal beam trawl survey locations pre-construction, construction and operational 
phases. 

Site  
Code 

Beam Trawls 

Start End 

B1 51:32.49N 3:50.21W 51:33.07N 3:50.36W 

B2 51:34.57N 3:50.01W 51:35.10N 3:50.51W 

B3 51:35.30N 3:53.22W 51:35:50N 3:53.31W 

B4 51:34.247N 3:54.304W 51:33.955N 3:55.769W 

B5 51:34.33N 3:54.54W 51:34.19N 3:55.37W 

B6 51:35.14N 3:57.05W 51:35.34N 3:56.44W 

* During construction and operation phase monitoring site B3 will be moved ~1.5 km to the south to 
coordinates - Start 51:34.49148N 3:53.18625W / Finish 51:35.02463N 3:53.48288W 
* Location of beam trawl survey locations within lagoon footprint for operational phase to be 
confirmed. 
 
Table F3.3: Intertidal netting site locations pre-construction and construction phase 

Site Code Site Name Co-ordinates 

I1 Caswell Bay 51:34.13312N 4:1.94620W 

I2 Blackpill 51:36.27098N 3:58.87818W 

I3 Abertawe 51:36.77037N 3:56.14407W 

I4 Port Talbot West 51:35.86105N 3:49.59318W 

I5 Pwlldu Bay 51:33.88237N 4:3.48465W 

I6 Crymlyn Burrows 51:36.96590N 3:52.44125W 

* During operation phase monitoring site I6 will be split into two new locations (I6a and I6b), see 
Table F3.4 below 

 
Table F3.4: Intertidal netting site locations operation phase 

Site Code Site Name Co-ordinates 

I1 Caswell Bay 51:34.13312N 4:1.94620W 

I2 Blackpill 51:36.27098N 3:58.87818W 

I3 Abertawe 51:36.77037N 3:56.14407W 

I4 Port Talbot West 51:35.86105N 3:49.59318W 

I5 Pwlldu Bay 51:33.88237N 4:3.48465W 

I6a Crymlyn Burrows A 51:37.04740N 3:53.64933W 

I6b Crymlyn Burrows B 51:37.08688N 3:52.02762W 
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Figure F3.1: Subtidal otter trawl survey locations pre construction and construction. 
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Figure F3.2: Beam trawl survey locations pre construction and construction 
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Figure F3.3: Intertidal netting site locations pre-construction and construction phase 
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Figure F3.4: Intertidal netting site locations operation phase  
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F4: To implement and monitor fisheries offset measures  

Objective EIA/DCO/ML The objective of F4 is to design, implement and monitor an agreed suite of measures 
to offset potential residual impacts of the Lagoon once all other mitigation measures 
have been delivered.  

Where, after mitigation measures have been implemented, the loss of fish due to 
encounter and injury exceeds the 2% threshold established within the ES, then 
offsetting actions will be needed to mitigate for these impacts (see Alternative Fish 
Impact Assessment Results, TLSB 2016; and Mitigation, Monitoring and Offsetting 
Framework, TLSB 2016). 

The three key stages of this objectives are:  

(1) To identify an agreed range of options for offsetting; 
(2) To design and implement the required scheme(s) that will deliver the 

offsetting and reduce impacts to below the threshold level; and 
(3) To, where possible, monitor the offsetting schemes in order to demonstrate 

their benefits or where monitoring is not possible, agree an offsetting 
contribution from the said scheme. 

If (3) above indicates that the schemes are demonstrated to have not delivered the 
level of offsetting required then under the principles of the AEMP, further schemes 
will be developed and implemented.  

The DCO (Requirement 27) makes specific reference to the provision of monitoring 
and alternative habitat creation for herring and native oysters and these are therefore 
covered under separate Objectives (Herring – F2 , Native Oyster – MS22). 

 

Objective WFD The surveys presented under this objective are concerned with monitoring of river 
waterbodies, for which fish are a quality element under WFD. Any migratory fish 
recorded will be reported and data can be provided to NRW to fulfil their statutory 
obligation under the WFD. The successful implementation of offsetting measures will 
be used to validate the compliance assessment made for the fish quality element in 
rivers.  

The Water Framework Strategy Report (DCO requirement 42) will set out the 
overarching strategy as to how the results of this monitoring, carried out under the 
provisions of the AEMP, will validate the findings of the WFD compliance assessment 
and meet the requirements of the WFD. 

 

Primary reason for 
monitoring and 
rationale 

The monitoring element of F4 is a Function B Objective. The primary reasons for the 
objective are:  

 To monitor the impact of fish offsetting measures in order to determine their success 
and the achievement of fish production targets. 

 Review offsetting measures in the light of the results of Objective F1: To monitor fish 
encounter with, and behaviour at, the turbines and sluices to ensure off-setting 
commensurate with predicted impacts is being provided. 

The scope and extent of surveys will be determined once offsetting proposals have 
been agreed. 

Key objectives and monitoring proposals are set out in Table F4.1 below. 
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Table F4.1 Key Objectives of F4 monitoring 

Objective Key surveys / Reports 

1. To identify an agreed range of 
options for offsetting. 

 

Desk based review of existing and 
historic catchment fisheries 
management plans in order to 
identify issues previously 
prioritised.  
 
Ground truth key issues to ensure 
current validity. 

2. To design and consent the 
preferred offsetting options. 

Detailed design, topographic 
surveys, environmental 
assessment and consent 
applications as required. 

3. Monitor the in-river offsetting 
schemes in order to demonstrate 
that the benefit delivered by them 
is commensurate with the 
potential impacts of the Lagoon.  
 

 
Pre and post scheme surveys, 
likely to be semi-quantitative 
electro-fishing surveys.  

4. To develop knowledge that will 
inform future lagoon offsetting 
schemes. 
 

 

5. To share data obtained from offset 
monitoring with NRW and others 
for WFD assessment and wider 
fisheries management benefit. 
 

 

 

 
 

Background and 
potential Project 
effects 

The fish community of Swansea Bay is characterised by a broad range of demersal, 
pelagic and bentho-pelagic species and fish abundance and composition fluctuates 
seasonally and annually. 

In addition to the general assemblage of marine species that frequent or reside within 
the Bay, the waters provide a pathway for a number of diadromous species, migrating 
to or emigrating from, freshwater systems that either discharge to the Bay or to 
adjacent coastal areas. These species include Atlantic salmon, sea trout, European eel 
and river lamprey. Sea lamprey and twaite shad, whilst uncommon, have also been 
recorded in the bay or within freshwater systems that feed into the Bay. 

Chapter 9 of the ES, and associated appendices, provides information on the detailed 
assessment of potential impact from the Project on a range of fish receptors.  The 
results of the assessment are summarised in Tables 9.28 through to 9.38 for various 
potential impact pathways. In relation to turbine entrainment and the potential for 
injury or mortality during passage through turbines, a combination of IBM (behaviour 
model predicting likelihood of encounter with turbines) and STRIKER™ v.4 
entrainment model (predicted mortality model) was used to further understand the 
potential impact and the need for mitigation.  The assessment concluded that in 
general the significance of impacts on the various receptors identified in Chapter 9 
were low, with the majority of the potential impacts on fish and shellfish assessed as 
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being minor or insignificant. Where potential significant impacts were identified, for 
example predicted mortality rates of sea trout adults and herring passing through 
turbines, the ES advised mitigation in the form of Acoustic Fish Deterrents (AFDs) to 
manage predicted impacts.  

Following submission of the ES, NRW and their advisors Cefas, raised concerns 
regarding the use of the IBM and the overall confidence in the assessment, 
particularly with regards to the ability of IBM to model the migration of catadromous 
fish species and the residency of such species prior to their entry into the adjacent 
rivers.   To improve confidence in the predictions of the ES, a range of additional 
modelling analysis were undertaken by TLSB and submitted in order to estimate the 
potential predicted impacts, understand the consequences of such impacts at the 
population level and to define offset requirements, where necessary. The outputs of 
this work was submitted to NRW and Cefas as part of the Project Marine Licence 
determination process in July 2016. 

In addition to this since the award of Development Consent Order from the Secretary 
of State, further development of the turbines has been undertaken by GE Andritz, the 
turbine manufacturer.  Significant improvements have been made to the turbines in 
areas which are known to result in fish injury and potentially mortality and as a result 
of these improvements the mortalities predicted from the STRIKER™ v.4 model have 
been significantly reduced, in particular for the clupeid species such of herring and 
shad, due to reductions in shear stress. 

 

Characterisation or 
Baseline Surveys 
Undertaken to Date or 
Planned for Future 

Surveys: 

1) Scoping of opportunities for offsetting measures within catchments  
2) Where relevant, baseline habitat survey of potentially impacted catchments – 

Tawe, Neath, Afan  

Data review: 

Existing NRW/EA data will be reviewed in order to identify sites with sub-optimal fish 
popular for potential improvement  

Proposed Repeat 
Survey/Monitoring 

Surveys: 

Individual scheme post-implementation surveys which could include assessment of 
habitats and fish populations will be undertaken to ensure objective of each scheme 
achieved. The scope and extent of surveys will be determined prior to 
implementation of offsetting measures. 

Data review: 

 Data from F1 and associated surveys will assist the scale of offsetting required.   

 NRW historic fish and habitat survey data will be reviewed when identifying potential 
offsetting measures. 

Key receptors  Sea Trout. 

 Atlantic salmon. 

 European eel. 

Offsetting schemes will be designed primarily to benefit those species potentially 
most impacted by the lagoon development. However, designs will also consider other 
species for which lower effects have been identified, to deliver multiple species 
benefits, including; 
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 Shad 

 River Lamprey 

 Sea Lamprey 

Monitoring approach 
In-river fishery improvements would be monitored using electrofishing survey 
techniques within the river systems where offsetting measures have been 
undertaken.  Three methods could be used, depending upon the offsetting measures 
implemented and evidence of benefits required, namely:  

- Quantitative –allows for detailed assessment, enabling population estimates 
involving the recording of species, age and size of fish.  

- Semi-quantitative – used to assess the abundance of juvenile salmon and 
trout, as each survey can be undertaken reasonably rapidly, it enables a 
survey over a wider geographic area to be undertaken covering a large 
number of sites. The data from a range of sites covering several streams can 
be obtained, thus enabling comparisons to be made between improved 
(offset) sites and unaffected (control) locations.   

- Qualitative – used for presence/absence surveys and identification of species 
presence. This may be used, for example, to confirm if spawning has taken 
place above a new fish pass. 

The use of suitable fish counters will be considered as a validation technique on any 
new fish passes that are constructed. However, prior to the deployment of any such 
equipment, each site will be reviewed from a health and safety, and security 
perspective. 

Further/ remedial 
action 

Depending on the findings of Objective F1 and F4, further offsetting may be required, 
or it may be confirmed that no further offsetting is required as impacts are lower than 
predicted. The data from Objective F1 and F4 will be reviewed and, if necessary, 
additional offsetting actions will be undertaken. 
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Scope of Works related to completion of Objective F4. 
 
Survey S28 – Offsetting Scheme Prioritisation Survey 
 
Details of this survey will be developed in discussion between TLSB and relevant parties.  
 

Survey ID S28 - Off-setting Scheme Prioritisation 

Aim To assist in the prioritisation of potential offsetting schemes for 
species predicted to be adversely impacted by the lagoon 
development.  

Overview of Scope  Review existing data in relation to fish populations throughout the 
target catchments with a view to identifying sub-optimal populations 
and the reasons for these.  

Catchment related documents have been produced by NRW and its 
predecessor bodies which highlight key issues of concern in relation 
to fishery performance. These have included historic Salmon Action 
Plans and River Basin Management Plans and involved gathering the 
views of local stakeholders regarding their concerns relating to local 
fish stocks.  These documents provide an indication of the perceived 
pressures on the fish stocks on the rivers discharging into Swansea 
Bay. These issues include:  

 Barriers to migration – which prevent migratory fish from 
reaching their spawning grounds;  

 Fish predation by birds and seals – particularly in areas where 
fish migration is delayed; and 

 Diffuse water pollution – caused by release of harmful 
substances from non-point sources and which drain into the 
streams and rivers. 

 
 Undertake further more detailed on-site investigations if required, 

e.g.walkover survey to assess condition of known barriers and 
suitability of habitat.   

 Identify significant constraints and risks associated with delivery of 
schemes, for example, ownership constraints.  

 Identify opportunities for collaborative working with others so that 
additional benefits above and beyond the off-setting targets are 
achieved.  

 Quantify the benefits that would be delivered through such schemes 
factoring in other known variables and impacts. This may necessitate 
additional surveys in the field e.g juvenile fish stocks. 

 Report on relative benefits for each scheme.  
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Survey Timing Given the need to commence delivery of off-setting measures prior to 
operation, this survey would commence immediately post 
determination of the Marine Licence and be completed in summer 
2017. 

Commencement of schemes prior to Lagoon operation will provide an 
opportunity for offset improvements to be delivered prior to any 
lagoon impacts and recognises the complexity of migratory fish 
species life-cycles.  

Survey Frequency This would be a single survey that would provide baseline information 
against which offsetting measures could be assessed.  Note that 
additional annual/bi-annual surveys would also be required to 
monitor delivery of offset measures.  

Data Quality Data used in the survey will comply with relevant standards and follow 
recognised methodologies (e.g. electro-fishing survey techniques). 

Reporting The results of the desk study and site survey will be used to prioritise a 
potential suite of offsetting measures that will be agreed with NRW 
and local stakeholders.   

Review Process The results will be used to inform future off-setting scheme delivery.  
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Survey S29 – Pre/Post Offsetting Scheme Monitoring  
 
Details of this survey will be developed in discussion between TLSB and relevant parties.  
 

Survey ID S29 - Pre/Post Offsetting Scheme Monitoring 

Aim To demonstrate that implemented offsetting schemes have delivered 
the required benefits for which they were designed. 

Overview of Scope Having agreed and delivered offsetting schemes there is a need to 
ensure that they deliver the benefits predicted.  Given the life-
histories of the species involved this may necessitate several years of 
post-scheme monitoring which can be compared to pre-scheme 
survey data, where available. 

Monitoring may indicate that a particular scheme has been more 
successful than originally envisaged thus additional benefit has been 
gained, conversely, a particular scheme may not have delivered the 
predicted benefits, in such cases, additional offsetting may be 
required.    

The nature of the post-scheme monitoring required will vary 
according to the nature of the scheme however a combination of the 
following suite of options may be utilised : 

 Juvenile electro-fishing surveys – widely used by NRW/EA for 
assessing juvenile salmon and trout populations. Standard 
quantitative, semi-quantitative and qualitative techniques will be 
used where appropriate and carried out such that data can be used 
in conjunction with NRW survey results.  

 Habitat score assessments – riverine habitat can be surveyed and 
fish production bottlenecks identified and the overall habitat given 
a score. Once improvements have been implemented the survey 
can be repeated and evidence gathered to show that habitat scores 
have improved. 

 Redd counts – these take place in autumn winter and involve 
walking riverbanks and identifying and counting specific spawning 
areas. The technique may be beneficial in areas opened up to 
migratory fish for first time but may require access permissions.  

 Rod catch data – salmon and sea trout anglers are legally required 
to submit records of any salmon and sea trout caught. This data, 
whilst useful, is dependent on the level of angling effort and fishing 
conditions. The data can be supplemented by voluntary log-book 
schemes in which more detailed information is gathered.  

 Tagging and tracking – the use of acoustic fish tags can be beneficial 
in monitoring fish behaviour in the vicinity of improvement 
schemes e.g. passing through fish passes.  

 Fish trapping – whilst labour intensive, fish trapping can provide a 
wealth of information on the range of fish species utilising, or 
migrating through new habitat.  Biometric data can be obtained 
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which may give indications of the health of the fish and also enable 
DNA samples to be taken.  

 Fish counters – hydro-acoustic fish counters can be used in 
appropriate circumstances to monitor numbers, size and species of 
fish passing a particular point in a river system.   

 Cameras may be used where offsetting schemes are implemented 
with the aim of changing fish behaviour. The cameras may be used, 
for example, to assess the impact of predation on fish pre and post 
schemes delivery.  

Survey Timing Given the need to commence delivery of off-setting measures prior to 
operation of the Lagoon it is envisaged that the first offsetting 
schemes would commence during construction thus necessitating the 
commencement of pre/post-scheme surveys at an appropriate time 
thereafter.  

The delivery of off-setting schemes may be delivered over a number of 
years dependent upon their nature and specific scheme constraints. 
Commencement of schemes prior to Lagoon operation will provide an 
opportunity for offset improvements to be delivered prior to any 
lagoon impacts and recognises the complexity of migratory fish 
species life-histories.  

Survey Frequency For each proposed scheme, a survey prior to implementation would 
be undertaken which would provide an indication of the existing 
conditions against which offsetting measures could be assessed. 

Post-scheme surveys (of each delivered scheme) would be developed 
commencing at an appropriate time and frequency to monitor the 
delivery of offset measures. It is unlikely that a single survey, of 
certain types of off-setting scheme (e.g. habitat improvement) will 
provide sufficient confirmation that the objectives of the scheme has 
been met. For others, for example, fish pass construction, a single 
post-scheme survey may confirm delivery of the objectives provided 
that it is timed to coincide with the expected delivery of benefits. The 
precise timings of the monitoring of each offsetting measure will be 
developed as the agreed suite of measures is developed, through the 
AEMP process. 

Where detailed pre-scheme baseline data is not available, or where 
there are partial barriers as part of the offsetting package, an agreed 
offsetting contribution for the proposed scheme will be agreed with 
the Topic Review Group.  

Data Quality Data used in the survey will comply with relevant standards and follow 
recognised methodologies (e.g. electro-fishing survey techniques). 

Reporting The survey results will be shared with NRW and local stakeholders and 
used to assess whether each particular scheme has achieved its target 
improvements.  If targets are not being met, remediation measures or 
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alternative schemes will be considered in order to meet the offsetting 
obligations.  

Review Process The results will be used to inform future off-setting scheme delivery 
both locally and for future lagoons.  

 

Summary of Off-setting Process 
 
 
STEP 1 - Identify any species being impacted above the agreed threshold level. 
  

STEP 2 -  Quantify the level of damage – identify and agree the potential level of 
impact to be offset for any species identified and the relevant population of 
that species against which offsetting will be calculated. 

 
STEP 3 -  Calculate the number of individuals potentially lost from the impacted 

population. 
  
STEP 4 -  Back calculate the number of eggs or fish at other life-stages that will be 

required to be produced to replace the lost fish. For example, the number of 
smolts required to offset one lost adult salmon can be estimated, and then 
back-calculated to the number of eggs required to produce a smolt.  

 
STEP 5 -  Identify factors limiting fish production within impacted catchments and 

produce a range of off-setting options to deliver egg production required, in 
terms of priority, feasibility and deliverability. This will include cross-referencing 
between species, if appropriate, to identify synergies in terms of actions and 
benefits (e.g. a fish pass will benefit salmon, sea trout, eels and lamprey). 

 

STEP 6 -  Develop detailed design for offsetting proposals in consultation with relevant 
advisors to include offsetting measures and monitoring programme (if 
appropriate), to demonstrate efficacy of offsetting measures. 

 
STEP 7 -  Implement pre-scheme baseline monitoring, if appropriate, for each scheme 

being delivered.  
 
STEP 8 -  Implement the offsetting proposals.  
 

STEP 9 -  Implement agreed monitoring and review programme in association with 
AEMP process and report findings to agreed timescales. 
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Table F4.2: Offsetting measures development and implementation programme 

Task 
No. 

Activity Summer 
2016 

Autumn 
2016 

Winter 
2016 

Spring 
2017 

Summer 
2017 

Autumn 
2017 

Winter 
2017 

Spring 
2018 

Summer 
2018 

Autumn 
2018 

Winter 
2018 

Spring 
2018 

Summer 
2018 

1 Identify any species impacted to a level that 
is above agreed acceptable thresholds. 

             

2 Identify and agree the potential level of 
impact to be offset for any species 
identified and the relevant population of 
that species against which offsetting will be 
calculated. 

             

3 Calculate the number of individuals 
potentially lost from that population. 

             

4 Back calculate the number of eggs or fish at 
other life-stages that will be required to be 
produced, to replace the lost fish. For 
example, the number of smolts required to 
offset one lost adult salmon can be 
estimated, and then back-calculated to the 
number of eggs required to produce a 
smolt 

             

5 Produce a range of off-setting options to 
deliver egg production required, in terms of 
priority, feasibility and deliverability. This 
will include cross-referencing between 
species, if appropriate, to identify synergies 
in terms of actions and benefits (e.g. a fish 
pass will benefit salmon, sea trout, eels and 
lamprey).  

             

6 Submit information to Natural Resources 
Wales (NRW) Marine Licensing Team (MLT). 
(linked to Task No’s 1-5) 

             

7 Consideration of information by NRW MLT. 
(linked to Task No. 6) 

             

8 Anticipated determination of Marine 
Licence by NRW MLT 

             

9 Agree preferred options and develop 
detailed offsetting proposals in consultation 
with relevant advisors. (linked to Task No. 
8) 
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10 Develop detailed design for offsetting 
proposals in consultation with relevant 
advisors to include offsetting measures, 
ownership access agreements and 
licences/consents and monitoring 
programme (if appropriate), to 
demonstrate efficacy of offsetting 
measures. (linked to Task No. 9) 

             

11 Implement pre-scheme baseline 
monitoring, if appropriate, for identified 
scheme. (linked to Task No. 9) 

             

12 Commencement of marine construction of 
TLSB  

             

13 Implement offsetting proposals, including 
any necessary construction work and 
construction monitoring. (linked to Task No. 
10 and 12) 

             

14 Implement agreed offsetting monitoring 
and review programme in association with 
AEMP process and report findings to agreed 
timescales. (linked to Task No. 13).  

To be commenced following completion of construction/implementation of offsetting measures. Durations to vary depending on measures 
implemented. 
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Appendix 3: Worked examples of calculating egg losses for offsetting for salmon and sea trout 

This appendix describes a worked example of calculating the offsetting requirements for salmon and 
sea trout based on the 8-step process described in Section 4. 

Step 1 
Alternative Fish Impact Assessment Results (TLSB, July 2016) reports that the adult natal migrant 
populations of salmon and sea trout to Swansea Bay are those species that may be impacted to a 
level that is above the 2% annual mortality threshold for mitigation as defined within the EIA, and 
therefore requires mitigation by offsetting. 

Step 2 
Where the values of the % Mean Mortality or % Annual Mortality for a fish species could be greater 
than 2%, indicating an effect of Moderate or greater, to account for the uncertainty within the 
assessment offsetting for these species will be provided. In this case, offsetting would be provided 
for the adult natal migrant populations of salmon and sea trout to Swansea Bay. The level of 
offsetting to be provided will be between 2% and the values generated by the modelling approach 
giving the greatest % Mean Mortality figure or % Annual Mortality figures. The greatest % Annual 
Mortality figures for adult natal migrants of salmon and sea trout are generated by the Alternative 
Draw Zone approach, and therefore offsetting will be provided between 2% and the figures in Table 
1 below. The Project will also conduct monitoring to reduce the uncertainty of the assessment and 
provide evidence for more accurate parameterisation of the models as discussed above. 

Table 1: % Annual Mortality figures generated by the Alternative Draw Zone Approach model 

VER 
Life Stage 
Considered 

% Annual Mortality  
% Annual Mortality 
for offsetting 

Salmon  

Smolt 0.23 0 

Kelt 4.94 2.94 

1SW 5.69 3.69 

MSW 5.75 3.75 

Sea Trout 
(resident and 
migrants) 

Smolt 0.21 0 

Whitling 2.33 0.33 

1SW 5.21 3.21 

1SW Kelt 3.51 1.51 

2SW 5.65 3.65 

2SW Kelt 4.13 2.13 

3SW 6.34 4.34 

3SW Kelt 4.63 2.63 

4SW 7.01 5.01 

4SW Kelt 4.84 2.84 

5SW 7.72 5.72 

5SW Kelt 5.37 3.37 

6SW 6.63 4.63 

6SW Kelt 5.37 3.37 

7SW 6.63 4.63 

7SW Kelt 5.37 3.37 

The % Annual Mortalities generated by the methods as described in Alternative Fish Impact 
Assessment Results (TLSB, July 2016), for the purposes of defining the offsetting requirements, will 
be converted into egg losses using the following calculations: 
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Salmon 

Taking the 2015 Egg Deposition Rate (EDR) assessment, a target production figure of 2,370,000 eggs 
for salmon is set for the Tawe by NRW. IBM modelling considered salmon and sea trout orientated 
towards the River Neath in order to assess the relative encounter rates with the River Tawe.  Results 
indicated that for the Tawe, 603 adult salmon would encounter the turbines (with 997 passes) whilst 
only one Neath salmon would do likewise (making 3 passes).  When combined with the STRIKER 
model the Mean Mortalities were 0.87% and 0.002% for the Tawe and Neath respectively. The 
Neath was modelled to also represent a worst-case scenario for the Afan and therefore, it is 
considered that the majority of any impact would be felt in the Tawe. A 90.54:9.46ratio split of 1SW 
to MSW salmon is also provided by Panteg Trap data from 1991-2002, and so the egg deposition 
target by life-stage can be calculated. 

Given that a 1SW salmon produces 4,546 eggs, and a MSW salmon produces 6,293 eggs and that the 
female:male ratio for a 1SW salmon is 0.49:0.51, and for a MSW salmon is 0.42:0.58, taken from the 
EDR assessment (NRW, 2015), it is possible to calculate the baseline population of returning 
individuals of each life-stage that is required to meet the egg deposition target. 

Table 2: Salmon individuals required to produce egg deposition target 

  

Tawe Egg 
Deposition Target 
(2015 EDR 
assessment, 
NRW) 

1SW:MSW 
ratio (Panteg 
Trap data 
1991-2002) 

Egg 
deposition 
by life-stage 

Eggs produced 
per individual 
(2015 EDR 
assessment, 
NRW) 

Proportion of 
females (2015 
EDR 
assessment, 
NRW) 

Number of 
individuals 
needed to 
produce eggs 
required 

1SW 
2,370,000 

0.9046 2,143,902 4,546 0.49 962.45 

MSW 0.0954 226,098 6,293 0.42 85.54 

Steps 3 and 4 
The probability of survival for the 1SW and MSW life-stages of returning individuals for offsetting are 
generated by taking the % Annual Mortality to be offset for each life-stage (0% for smolts, 3.69% for 
1SW salmon, 2.94% for kelts and 3.75% for MSW salmon) and then the product of the probabilities 
of survival as follows: 

 Smolts – Product of survival probability for smolts 

 1SW – Product of survival probability for smolts and 1SW  

 Kelts – Product of survival probability for smolts, (1SW+MSW)/2 and kelts  

 MSW – Product of survival probability for smolts and MSW 

Table 3: Salmon % probability of survival to life-stage 

 

% Annual 
Mortality 
(Alternative Draw 
Zone, as it gives 
the highest 
mortalities for 
adults) 

% Annual Mortality 
(Alternative Draw Zone) to 
be offset (= % Annual 
Mortality – 2%) 

% 
Probability 
of survival 

% Probability of 
survival to life-
stage 

Smolts 0.0023 0.0000 1.0000 1.0000 

1SW 0.0569 0.0369 0.9631 0.9631 

Kelts 0.0494 0.0294 0.9706 0.9344 

MSW 0.0575 0.0375 0.9625 0.9625 
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The ‘% Probability of survival to life-stage’ from Table 2 can be applied to the ‘Number of individuals 
required to meet egg deposition target’ value calculated in Table 3 above, to give the potential loss 
of individuals due to the Project if the river was meeting the egg deposition targets (shown in Table 
4). This loss of individuals of the various age classes can then be converted to egg deposition 
requiring offsetting by applying the number of eggs produced per female (4,546 for 1SW and 6,293 
for MSW) and the female to male ratio for each age class (female:male ratio for a 1SW salmon is 
0.49:0.51, and for a MSW salmon is 0.42:0.58). 

Table 4: Salmon eggs to be offset 

Life-
stage 

Number of 
individuals 
needed to 
produce eggs 
required by EDR 
target (a) 

% 
Probability 
of survival 
to stage (b) 

Equivalent individuals 
to be offset (c = a x b) 

Equivalent egg deposition to be 
offset  

(multiply c by 3,016 for 1SW 
and 5,227 for MSW) 

1SW 962.45 0.9631 35.53 79,143.65 

MSW 85.54 0.9625 3.21 8,486.08 

   Total eggs to be offset 87,629.73 

This rounded figure of 87,630 eggs to be offset is for the entire % Annual Mortality figure to be 
offset, and this offsetting figure would deliver the whole requirement for salmon offsetting for the 
Project.  

Sea Trout 

A formal EDR target or management target is not set for sea trout, which TLSB understand to be 
because of the difficulty in differentiating between brown/sea trout juveniles and complex 
population composition of adults. 

In the absence of this information, an assumption of a target has been made from the 5-year (2010-
2014) average rod catch, by scaling this value up based on the equivalent difference between the 5-
year (2010-2014) average rod catch (586 spawners) and Conservation Limit and Management Target 
requirement values (873 and 1048 spawners respectively) for salmon as set out in Table 2. It is 
acknowledged that this may be overestimating the management target for sea trout and so TLSB 
would welcome further advice from NRW on the calculation of this figure. 

Table 5: Calculation of indicative management target for sea trout 

Target Requirement Estimated Number of 
Sea Trout 

 

 Current Stock Level (2014) -  
based on conservation Limit 

Not Available for Sea 
Trout 

 Current Stock Level (2014) -  
based on rod catch 326 

 5-yr Average Stock Level 737 

 Conservation Limit Requirement 1098 

 Management Target Requirement 1318 
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The 1,318 individuals within the Management Target population described above, have been 
proportionately distributed across the various life-stages of sea trout based on the Panteg Trap age-
frequency distribution data, and subsequently the egg production of the Management Target 
population calculated. 
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Table 6: Sea trout individuals required to produce egg deposition target  

                                      

Egg 
Deposition 
Target 
(Tawe, set 
by NRW) 

Assumed 
Management 
Target (number 
of individuals) 
(a) 

Sea trout by 
life-stage 
(Panteg 
Trap data) 
(b) 

Proportion 
of fish by 
life-stage 
(Panteg 
Trap data) 
(b/c = d) 

Assumed 
Management 
Target by life-
stage (Panteg 
Trap data) 
(a x d = e) 

Eggs produced per 
individual (based on 
UK fecundity 
equation; Review of 
Sea Trout Fecundity 
R&D Technical Report 
W60, Solomon, 1997; 
and length data from 
Panteg Trap 1991-
2002) 
(f) 

Proportion 
of females 
(Panteg 
Trap data) 
(g) 

Egg 
production 
(e x f x g = h) 

Whitling  

N/A 1,318 

296 0.13 165.45 1158 0.83 158,269.65 

1SW  1471 0.62 822.21 2670 0.73 1,599,655.94 

2SW  397 0.17 221.90 3850 0.60 515,380.52 

3SW  120 0.05 67.07 5000 0.59 197,275.86 

4SW  52 0.02 29.07 5560 0.68 110,183.95 

5SW  16 0.01 8.94 6618 0.71 42,275.65 

6SW  5 0.00 2.79 7936 0.60 13,307.44 

7SW  1 0.00 0.56 7179 1.00 4012.69 

 
 

 

Total number of 
Panteg fish (c) 

2358 
   

Total Egg 
Production 

2,640,361.70 
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 Steps 3 and 4 

The probability of survival to the various sea trout life-stages for offsetting are generated by taking 
the ‘% Annual Mortality’ to be offset for each life-stage as shown below and then calculating the ‘% 
probability of survival’ figures and scaling them to the life-stage histories of the fish found at Panteg. 

Table 7: Sea trout % probability of survival to life-stage 

 

Annual Mortality 
Proportion (Alternative 
Draw Zone) 

Annual Mortality Proportion 
(Alternative Draw Zone) to be offset 
(= % Annual Mortality less 2%) 

% Probability of 
survival for 
offsetting 

Smolt 0.0021 0 1 

Whitling 0.0233 0.0033 0.9967 

1SW 0.0521 0.0321 0.9679 

1SW Kelt 0.0351 0.0151 0.9849 

2SW 0.0565 0.0365 0.9635 

2SW Kelt 0.0413 0.0213 0.9787 

3SW 0.0634 0.0434 0.9566 

3SW Kelt 0.0463 0.0263 0.9737 

4SW 0.0701 0.0501 0.9499 

4SW Kelt 0.0484 0.0284 0.9716 

5SW 0.0772 0.0572 0.9428 

5SW Kelt 0.0537 0.0337 0.9663 

6SW 0.0663 0.0463 0.9537 

6SW Kelt 0.0537 0.0337 0.9663 

7SW 0.0663 0.0463 0.9537 

7SW Kelt 0.0537 0.0337 0.9663 
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Table 8: Sea trout % Egg loss for offsetting scaled to Tawe data from National Rivers Authority (NRA) R&D Note 318 (Table A1.15) 
 

Life-stage history permutation from Panteg Trap 
data 

Probability of survival 
to lifestage (Product of 
% Probability of 
survival for each life-
stage) 

Number of 
individuals in this 
permutation 
(Panteg Trap data) 

Proportion of 
population 

Average life-stage survival %   

Smolt and Whitling  0.9967 296 0.1255 Whitling 0.9967   

Smolt, Whitling and 1SW 0.9647 269 0.1141 1SW 0.9674   

Smolt, Whitling, 1SW + 1 spawning mark  0.9155 86 0.0365 2SW 0.9238   

Smolt, Whitling, 1SW + 2 spawning marks  0.8571 25 0.0106 3SW 0.8650   

Smolt, Whitling, 1SW + 3 spawning marks 0.7928 9 0.0038 4SW 0.7987   

Smolt, whitling, 1SW + 4 spawning marks 0.7262 1 0.0004 5SW 0.7351   

Smolt, whitling, 1SW + 5 spawning marks 0.6692 1 0.0004 6SW 0.6710   

Smolt and 1SW only 0.9679 1202 0.5098 7SW 0.6188   

Smolt, 1SW + 1 spawning mark 0.9185 258 0.1094   
 

  

Smolt, 1SW + 2 spawning mark 0.8599 79 0.0335   
 

  

Smolt, 1SW + 3 spawning mark 0.7954 38 0.0161   
 

  

Smolt, 1SW + 4 spawning mark 0.7286 12 0.0051   
 

  

Smolt, 1SW + 5 spawning mark 0.6715 4 0.0017   
 

  

Smolt, 1SW + 6 spawning mark 0.6188 1 0.0004   
 

  

Smolt and 2SW only 0.9635 53 0.0225   
 

  

Smolt, 2SW + 1 spawning mark 0.9021 16 0.0068   
 

  

Smolt, 2SW + 2 spawning marks 0.8344 5 0.0021    

Smolt, 2SW + 3 spawning marks 0.7643 3 0.0013    
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With both an egg production value and an mortality value calculated by life-stage, it is a case of 
simply multiplying the two values together to generate egg losses by life-stage, and then taking the 
sum to give overall egg losses to be offset. 

Table 9: Egg losses by life-stages for sea trout 

 

Egg production 
(a) 

% Survival at 
lifestage 
(b) 

Egg loss numbers 
for offsetting 
(c = a x (1-b)) 

Whitling 158,269.65 0.9967 523.50 

1SW 1,599,655.94 0.9674 52,220.39 

2SW 515,380.52 0.9238 39,252.99 

3SW 197,275.86 0.8650 26,638.17 

4SW 110,183.95 0.7987 22,178.17 

5SW 42,275.65 0.7351 11,197.20 

6SW 13,307.44 0.6710 4,378.05 

7SW 4,012.69 0.6188 1,529.70 

Total egg production 2,640,361.70 
Total egg losses 

for offsetting 157,918.17 

Again, this figure of 157,918 eggs to be offset is for the entire % Annual Mortality figure to be offset 
and this offsetting figure would deliver the whole requirement for sea trout for the Project.  

Step 5 

There are a number of options to provide this offsetting value, as discussed in Section 4 above. 
Calculations of the likely offsetting value of each option, in terms of its egg-deposition gains, will be 
undertaken in consultation with NRW and a selection of these options will be provided to meet the 
requirement for egg-deposition. 

Steps 8 and 10 

The offsetting to be provided will be monitored as discussed in Section 4 above 

Steps 6, 7 and 9 

These steps would be developed upon determination of the Marine Licence. 
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Appendix 4: Worked examples of calculating offsetting on the River Twrch for salmon and sea 
trout 

Capital Falls at Ystalyfera has prevented the migration of salmon, sea trout and other species up the 
River Twrch for centuries.  The weir forms part of the footings for an old aqueduct constructed as 
part of the Swansea Canal.  

The site has previously been considered for potential fish access improvements but these have not 
proceeded, most probably, due to lack of financial resources to complete work at Capital Falls and 
two additional weir less than 2km upstream.  

The Twrch, being the longest of the Tawe tributaries does form a significant portion of the Tawe 
catchment.  Estimates by NRW/EA suggest that there may be over 40km of river and stream above 
the Capital Falls.  

Estimates of potential salmon and sea trout production are possible for the Twrch. However, given 
the difficulty associated with the interaction of brown trout and sea trout, it cannot be assumed that 
stock will be improved from a baseline of zero for sea trout as can be assumed for salmon.   

The original estimated production by Environment Agency Wales (EAW) was as follows:  

Method 1 – EAW calculations (2008) 
EAW Estimated Salmon 

Production (2008) 
EAW Estimated Sea Trout 

Production (2008) 

River Length Above Capital Falls (km) 40.1 40.1 

Productive Area Above Capital Falls (m2) 
(Strahler Order >= 3 for salmon and >= 2 
for trout) 

161,058 239,297 

Estimated Smolt Production per 100m2  5 5 

Estimated Potential Smolt Production # 8,052.9 11,964.85 

Survival Rate to Adults 0.05 0.05 

Total Potential Adults Produced  403 598 

Total eggs produced (given a 0.5% 
survival rate from egg to smolt) 

1,610,580 2,392,970 

# The above production figures are less than those in the original EAW calculations as an error was 
noted in the calculations which over-estimated the smolt production. 

The above figures do assume that fish are able to access all parts of the Twrch catchment (up to 
Strahler stream order 2).  

  



Draft without prej udice  

 Tidal Lagoon Swansea Bay plc   

 

Tidal Lagoon Swansea Bay PLC – Fisheries Assessment: Mitigation, Monitoring and Offsetting Framework 58 
TLSB/ML/Fish/MitigationMonitoringOffsetting  

 

Other production parameters have been suggested which provide a range of possible production 
values: 

Method 2 – Stakeholder 
Suggestion Estimated Salmon Production 

Estimated Sea Trout 
Production 

 River Length Above Capital 
Falls (km) 

18.3 18.3 

Productive Area Above 
Capital Falls (m2) 

40000 40000 

Estimated Smolt Production 
per 100m2  

3.4 3.7 

Estimated Potential Smolt 
Production 

1360 1480 

Survival Rate to Adults 0.03 0.05 

Total Adults Produced  41 74 

Total eggs produced (given 
a 0.5% survival rate from 
egg to smolt) 

272,000 296,000 

 

Method 3 – TLSB 
estimation from desk-
based assessment of 

catchment lengths and 
precautionary levels of 

smolt production 

Estimated Salmon Production 
Estimated Sea Trout 

Production 

River Length Above Capital 
Falls (km) 

16.2 18.84 

Productive Area Above 
Capital Falls (m2)  

74,200 79,840 

Estimated Smolt 
Production per 100m2  

3.4 3.7 

Estimated Potential Smolt 
Production 

2,522.8 2,954.08 

Survival Rate to Adults 0.05 0.05 

Total Adults Produced  126 148 

Total eggs produced (given 
a 0.5% survival rate from 
egg to smolt) 

504,560 590,816 
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Using Method 3 above, it is estimated that the Twrch will be able to produce an estimated 126 adult 
salmon and 148 adult sea trout per annum from the deposition of an additional 504,560 and 
590,816 eggs respectively (given a 0.5% survival rate from egg to smolt). 

 

 




