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1. INTRODUCTION 

Since the granting of the Tidal Lagoon Swansea Bay (TLSB) Development Consent Order (DCO) in June 2015, a 

number of design modifications have been made as detailed design work has progressed. These have been 

developed within the Rochdale Envelope specified in the DCO, and therefore do not require EIA.  However, 

given that the project is subject to a Marine Licencing process, it is relevant to assess the latest design 

modifications in terms of their impacts on relevant ecological receptors.  

The design modifications have been made to improve operational performance and efficiency as well as further 

reducing impacts on fish injury from the turbines, thus responding to concerns expressed by wider stakeholders, 

regulators and consultees. Of particular relevance are the bulb turbines themselves which have passed through 

several design iterations originally being a 7.0m±0.2m diameter, fixed speed, then 7.35m diameter variable 

speed, and finally a 7.2m diameter, variable speed.   

The purpose of this paper is to present the updated STRIKER IV results for the final 7.2m turbine configuration.  

The turbine design and sluice gate arrangement comprises 16 x 7.2 m diameter turbines and 6 sluice gates with 

clear dimensions of 13.00m width x 14.35m height and 10 minute opening time, with mitigation pumping.  

For the 7.2m diameter turbine option, STRIKER IV has been run using a number of fixed parameters as used in 

earlier models  i.e.: 

 Same fish species and size distributions (the latter have been updated for sea lamprey, salmon and sea 

trout). 

 Random fish orientation, zero swimming 

 Random distribution at runner entry 

 Sinuosity =1 

 Pumping cases treated as for generating cases (conservative) 

1.1 Length frequency data 

Length frequency data for the individual species and life stages assessed in the model were based on those used 

in modelling conducted for the previous 7.35m diameter design as agreed following submission of a paper1 to 

the regulator in October 2015.  The exception to this is sea and river lamprey, sea trout and salmon.   

The original sea and river lamprey length frequency data was taken from individuals recorded on power station 

intake screens in the Severn Estuary, and was considered by Centre for Environment, Fisheries and Aquaculture 

Science (Cefas) to reflect a lower fish length than might be expected in local Welsh populations.  Data obtained 

from a study undertaken by the Environment Agency on the River Tywi was used in a separate STRIKER IV 

modelling exercise to test the robustness of the original model findings with respect to sea lamprey For this 

study the STRIKER IV model for sea lamprey was run using the River Tywi data since this may be considered a 

worse case when compared to the power station intake screen data, as this data contains records of larger fish. 

No alternative data sets were available or river lamprey, as such the model continues to use a length-frequency 

distribution based on the power station intake screens, but with the sea lamprey element removed from the 

original length-frequency distribution. 

                                                                 

1 Turnpenny Horsfield Associates.  Bristol Channel fish length frequency.  Document no:  580D0401 
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For this study, the sea trout and salmon length-frequency data, as provided by Natural Resources Wales 

(Technical Experts) (NRW(TE)) from the Panteg trap, River Tawe, has been further reviewed , and the length-

frequency distributions for the STRIKER IV model have been adapted. Original and updated length-frequency 

data for all species are presented in Appendix 1. 

1.2 Engineering and operational data 

Apart from the difference in blade length the 7.2m turbines are identical in design to the previous 7.35m 

diameter option.   TLSB have also confirmed with the turbine manufacturer that the computational fluid 

dynamics (CFD) assessment presented for the 7.35m turbine remains valid for the slightly scaled-down 7.2m 

option.  Shear stress levels may be up to 5% higher but this remains well within safe limits for fish (<11Pa).  

The operational data required to run the STRIKER model have been extracted for the new turbine design 

covering a full year’s operation.  The data are presented in Table 4, located in Appendix 2.   The table shows the 

relative duration in 1 minute time units of pumping and generation on the ebb and flood tides for the one year 

period.   The mean discharge (in m3/s) from the turbines and their rotational speed (RPM) are presented for 

pumping and generation on both ebb and flood tide, and then for both activities combined.  The data is 

provided for a total of 11 net operating heads ranging from 1.25m to 6.25m.   

Table 1 below, presents a summary of turbine average and maximum speed for the various ebb and flood 

operating states of the 7.2m turbine. It shows that maximum turbine speeds (RPM) for pumping and generating 

states are similar and that average speeds are significantly lower during pumping than for generation. This 

underlies the decision to treat generating and pumping phases as ‘generation’ within STRIKER IV, giving a 

conservative bias to pumping phase injury rates. In practice the effect of this will be small since pumping 

occupies only a small fraction of the operating cycle. 
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Table 1. Operating states for 16 x 7.2m turbine diameter , 6 sluice gates, sluice gate clear dimensions 13.0m width 

x 14.35m height, 10 minute sluice gate opening time and mitigation pumping.   Status codes relate to TLSB 

datasets. 

 
 

2. RESULTS & DISCUSSION 

Outputs of the Striker IV model for the 7.2m turbine are presented in Table 2 below, detailing varying injury 

rates for different fish species for the full ebb and flood tidal cycles.   The overall injury rate is a weighted mean 

which takes account of the relative difference in generation time between the ebb and flood tidal cycle.  Details 

of the calculations are provided in Appendix 3. 
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Table 2. STRIKER IV output table showing fish injury rates for 16 x 7.2m turbine diameter, 8 sluice gates, sluice 

gate clear dimensions 13.0m width x 14.35m height, 10 minute sluice gate opening time, with mitigation pumping 

for full tidal range including weighted means  

For adult salmon and sea trout injury rates are given for individual fish lengths relating to age class based on data 

from the Panteg trap on the River Tawe. 

Species/Lifestage   % Injury per Turbine Pass 

Size class Ebb: Full Tidal 
Range 

Flood: Full 
Tidal Range 

Weighted Mean, 
All Tides 

Atlantic salmon smolt   1.30% 1.02% 1.16% 

 Atlantic salmon  adult 
(Panteg data) 
  
  

Kelt (700mm) 8.29% 6.44% 7.38% 

1SW (651mm) 7.59% 5.90% 6.76% 

MSW (776mm) 9.39% 7.29% 8.36% 

Sea trout smolt   1.46% 1.08% 1.27% 

Sea trout  adult (Panteg 
data) 
  
  
  
  
  

Whitling (389mm) 3.93% 3.07% 3.51% 

1SW (527mm) 5.86% 4.56% 5.22% 

2SW (602mm) 6.90% 5.36% 6.15% 

3SW (662mm) 7.74% 6.02% 6.90% 

4SW (688mm) 8.11% 6.30% 7.23% 

5SW-7SW (750mm) 9.01% 7.00% 8.02% 

Shad adult   3.87% 3.02% 3.45% 

Herring juvenile   0.31% 0.26% 0.29% 

Herring adult   2.34% 1.83% 2.09% 

Glass eel/elver   0.35% 0.29% 0.32% 

Silver eel   4.80% 3.73% 4.28% 

Gadoids   4.08% 3.22% 3.66% 

Bass juvenile   0.72% 0.61% 0.66% 

Bass adult   2.19% 1.76% 1.98% 

Flatfish   1.21% 0.94% 1.08% 

River lamprey 
transformer 

  0.71% 0.55% 0.63% 

River lamprey adult   2.51% 1.94% 2.23% 

Sea lamprey transformer   0.76% 0.59% 0.68% 

Sea lamprey adult   9.92% 9.18% 9.55% 

Sandeel   3.22% 2.08% 2.66% 
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APPENDIX 1 

 

Table 3. Fish length frequencies used within STRIKER IV 

Species 
STRIKER fish 

length (cm) 

Original 

Frequency used  

 

Revised Length 

Classes 

Revised 

Frequency 

(Panteg trap 

1991-2002 

dataset) 

Atlantic salmon smolt 

10 10.0%    

15 70.0%    

20 15.0%    

25 5.0%    

Sea trout smolt 

10 10.0%    

15 40.0%    

20 45.0%    

25 5.0%    

Atlantic salmon adult 

40 5.0%  
1SW 

(651mm) 
89.31% 50 35.0%  

60 50.0%  

70 7.5%  
MSW 

(776mm) 

10.69% 

80 2.0%   

90 0.5%   

Sea trout adult 

35 5.0%  Whitling (389mm) 12.55% 

45 10.0%  1SW (527mm) 62.38% 

55 70.0%  2SW (602mm) 16.84% 

65 10.0%  3SW (662mm) 5.09% 

75 5.0%  4SW (688mm) 2.21% 

85 0.0%  >5SW (750mm) 0.93% 

Shad adult 

25 0.0%    

30 20.0%    

35 30.0%    

40 30.0%    

45 20.0%    

50 0.0%    

Herring adult 

5 0.0%    

10 0.0%    

15 0.0%    

20 25.0%    

25 50.0%    

30 25.0%    

Glass eel/elver 

6 30.0%    

8 30.0%    

10 20.0%    

12 10.0%    

14 5.0%    

16 5.0%    

Silver eel 

30 5.0%    

40 15.0%    

50 20.0%    

60 30.0%    

70 20.0%    

80 10.0%    
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Gadoids 

10 10.0% 

20 70.0% 

30 10.0% 

40 10.0% 

50 0.0% 

60 0.0% 

Bass 

5 5.0% 

10 25.0% 

20 50.0% 

30 17.0% 

40 2.5% 

50 0.5% 

Flatfish 

5 50.0% 

10 20.0% 

15 5.0% 

20 10.0% 

30 10.0% 

40 5.0% 

River lamprey transformer 

10 90.0% 

15 10.0% 

20 0.0% 

40 0.0% 

50 0.0% 

60 0.0% 

River lamprey adult 

10 0.0% 

20 50.0% 

30 40.0% 

40 10.0% 

50 0.0% 

60 0.0% 

Sea lamprey transformer 

10 80.0% 

15 20.0% 

20 0.0% 

40 0.0% 

50 0.0% 

60 0.0% 

Sea lamprey adult 

55 4.4%   

65 15.0% 

75 37.0% 

85 30.2% 

95 11.1% 

105 2.3% 

Sandeel 

6 0.0% 

8 20.0% 

10 40.0% 

12 20.0% 

14 15.0% 

16 5.0% 
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APPENDIX 2 

Table 4. Summary operating table for 16 x 7.2m turbine diameter, 8 sluice gates, sluice gate clear dimensions 13.0m width x 14.35m height, 10 minute sluice gate 

opening time with mitigation pumping. A Time Unit = 60 s.  
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APPENDIX 3 

Weighted means (W) were calculated as: 

𝑊 =  
(𝑅𝐸 + 𝐹)

𝑅 + 1
 

where R was the ebb:flood ratio (1.04:1) and E and F were the percentages of injury per turbine pass during ebb 

and flood tides, respectively. 

For example, 

Weighted annual mean for Atlantic salmon smolt = 1.16 = (1.04:1 *1.30% + 1.02%) 

       1.04 + 1 
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APPENDIX 4 STRIKER VALUES OVER OPERATING HEADS 

This example illustrates the calculation of compound injury rates by life stage for the 7.2m (16-8; large sluice) 

turbine design on the flood tide across the full spectrum of operating heads. Table 1 shows injury rates for the 

full range of species across all operating heads and Table 2 provides an extract for sea trout at a 1.75m 

operating head. 

Table 1 Fish injury rates over operating head range (Flood and Ebb tides) 
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Table 2 Compound injury rates by fish length for adult sea trout (Panteg data) at 1.75m operating head (Flood and 

ebb tide) (note, shear and pressure values are 0% as the CFD modelling of the variable-speed turbines has 

reduced these figures). 

 

 

 


