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1 Fisheries matters not agreed and requiring clarification 

This paper provides clarifications to a number of queries raised by NRW(TE) and Cefas through 
the Marine Licensing process for the proposed Tidal Lagoon Swansea Bay (TLSB) project. 
Matters raised by NRW(TE) and Cefas are shown in bold italics 

NRW (TE) and Cefas request clarification of  Table 9.4 of the ES, in which two impact 
magnitude outcomes are identified in the matrix for the ‘Very High/International x 
Negligible’ and ‘Very High International x Low’ crosses.  

To clarify this matter Table 9.4 from Chapter 9 of the ES has been amended, and is applied 
within Revised Appendix 7.7.1 Summary of fisheries for valued ecological receptors (TLSB, July 
2016). Table 9.4 is provided below for reference. 

Table 9.4  Significance of an impact resulting from the combination of receptor 
sensitivity/value and the magnitude of the effect upon it 

Value/importance 
Magnitude (Positive/Adverse) 

Neutral Negligible Low Medium High 

Very 
High/International No impact Minor to 

Insignificant 
Moderate to 
Minor 

Major Major 

High/National No impact Insignificant Minor Moderate Major 

Medium/regional No impact Insignificant Minor Moderate Moderate 

Low/local No impact Insignificant Insignificant Minor Minor 

N.B. Within the significance matrix an impact of positive magnitude can have the same significance value as an adverse effect 
(i.e. negligible to high). 

NRW (TE) and Cefas request clarification on boundary points (including less than and 
equal to indications) for the assessment criteria for turbine passage outlined in table 
9.5 of the ES.  

NRW (TE) and Cefas request that for clarity the title of the right hand column is 
amended to ‘Annual mortality rate due to turbine passage only’ for the assessment 
criteria for turbine passage outlined in table 9.5 of the ES. 

To clarify the above matters Table 9.5 from Chapter 9 of the ES has been amended, and is 
applied within Revised Appendix 7.7.1 Summary of fisheries for valued ecological receptors. 
Table 9.5 is provided below for reference. 

Table 9.5  Assessment criteria for annual mortality rate due to turbine passage 
Assessment Criteria for turbine passage 

Impact Magnitude Annual Mortality Rate Due to Turbine Passage 
Only 

High > 10 % 

Medium > 2.0 2.1 - ≤ 10 % 
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Low > 1 - ≤ 2.0 % 

Negligible ≤ 1 % 

 

NRW (TE) and Cefas request breakdown showing how STRIKER values change during 
the full operating regime (generation, pumping and sluicing) across the tidal cycle, 
as presented for the ES. 

The STRIKER model has been re-run to reflect the latest turbine arrangement as discussed 
with NRW (TE) and NRW (MLT). The results of this assessment are provided in Swansea Tidal 
Turbines: STRIKER IV Fish Injury Assessment for 7.2 m Diameter Turbines (THA Aquatic, July 
2016). 

Figure 2.1 below provides a schematic representation of a typical 24 hour operating sequence. 

Figure 2.1. Typical 24 hour operating sequence 

 

NRW (TE) and Cefas request independent and peer-reviewed examples of the 
application of the STRIKER model in other cases to demonstrate validation of the use 
of the STRIKER model. 

STRIKER is an industry model developed by Turnpenny Horsfield Associates (THA) to provide 
a predictive tool, to assess potential mortality of fish encountering turbines.  

Laboratory testing has been undertaken on all of the parameters and assumptions underlying 
the STRIKER model, (e.g. Turnpenny et. al. (1992) for mechanical injury (strike and grinding), 
pressure, shear stress and turbulence, cavitation).  Field trials are derived from studies of non-
tidal hydropower schemes, and the general principles are applicable to tidal power if 
differences such as operating head and bi-directional flow are taken into consideration.  

In addition to specific references identified in Appendix 9.4 of the ES, key works on this 
subject, and fish-friendly turbine design concepts in general, include: Von Raben (1957), 
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Monten (1985), Čada et al. (1997, 2001), Odeh (1999, 2000), Turnpenny et al. (2000); A useful 
review is also given in Eicher et al. (1987). Relevant studies dealing specifically with fish 
passage in relation to tidal (barrage) power include Solomon (1988), Turnpenny et al. (1992), 
Turnpenny (1998) and Turnpenny and Everard (1999). 

Ploskey and Carlson (2004) estimated the probability of blade strike, and associated injury, as 
a function of fish length and turbine operating geometry at two adjacent turbines at 
Bonneville Dam on the Columbia River between Oregon and Washington.  In developing their 
modelling approach they reviewed four papers describing variants on other blade-strike 
models (Von Raben, 1957; Bell 1991; Turnpenny et al, 2000; and Pavlov et al. 2002) and found 
that they were all essentially mathematically the same.    

Two modelling approaches were used to determine the probability of blade strike, one 
deterministic, one stochastic.  The deterministic approach was based on the Turnpenny et al. 
(2000) model.  Empirical data from Turnpenny et al. (1992) were used to develop a regression 
equation relating the mutilation ratio, used in STRIKER, to fish length for salmonid smolts.  The 
mutilation ratio was also used as the basis for estimates of the probability of injury due to 
blade strike. 

Over the full range of power (discharge) treatments, the average prediction of blade-strike 
injury was 2-5 times higher than average empirical estimates of shear + mechanical injury or 
visible injury, and overestimates were highest for fish that passed near the hub.  STRIKER 
overcomes this over estimate by incorporating a strike velocity and blade thickness function 
to give differential injury rate along the blade section from hub to tip. 

Whilst the Ploskey and Carlson (2004) study cannot be considered a validation of STRIKER, it 
does serve to demonstrate that the predictions of fish injury derived from the Turnpenny et. 
al. (2000) deterministic model are conservative, particularly in relation to fish passing through 
the turbine near the blade tip. 

NRW (TE) and Cefas request clarification on the application of the STRIKER 
parameters to differing environmental conditions, including how the parameters 
account for fish position in the water column, random orientation and whether 
STRIKER rate was averaged over the neap/spring cycle or taken as ‘worst case’ (i.e. 
during pumping). 

Fish position in the water column; 

The probability of a fish being injured as a result of passing through a turbine is dependent on 
the point on the radius of the turbine blade at which it passes. Environmental Statement (ES) 
Appendix 9.4 explains how this is modelled within STRIKER IV. First the impact velocity is 
calculated as the relative motion between the blade and the water. Secondly, the risk of injury 
is calculated using the Mutilation Ratio and ratio between fish length and blade thickness. The 
tip of the blade is thinner, and therefore sharper with a greater risk of direct injury and higher 
water velocities at the leading edge.  The tip of the blade also moves faster than points along 
the blade towards the hub.  Injury risk therefore increases with radial distance from the hub. 
In STRIKER IV, the runner entry is divided into four annuli or zones of equal radius (Figure 1) 
and injury risk is calculated separately for each, then combined as a swept area-weighted 
average. The relative passage cross-sectional swept areas are shown in Table 1.   
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Figure 2.2.  Annuli of entry along a turbine runner, extending from hub at the turbine 
centre to tip. 

 

Table 1. Runner annuli swept area percentages.  

Sector % Swept Area 

Tip 35.1% 

Mid-Outer 28.4% 

Mid-Inner 21.6% 

Hub 14.9% 

 

All STRIKER IV fish injury modelling carried out to date has assumed that fish are presented to 
the turbine runner or blade randomly across the four annuli, or zones of the turbine blade.  
This is because research has established that there is little or no relationship between where 
fish are located in the water column before they enter the turbine and where within the blade 
zone they may pass through the turbine.  There are various factors which influence the entry 
of fish into the turbine.  Firstly fish are drawn down through the water column to the intake 
opening depth within an area known as the draw zone.  Next they must pass the turbine guide 
and stay vanes where they are subjected to swirl before passing between the turbine blades, 
irrespective of the direction of flow.  
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Ploskey et al (2004)1 considered that vertical distribution at the wicket gate was a critical 
uncertainty for modelling blade injury.  They cite research (USACE, 2004)2 passage elevation 
at the wicket gate is correlated with passage location along the runner blade, with fish at 
higher elevations passing near the hub and those at low elevations pass near the blade tip.  
However, they also comment that it is not known how the in-turbine vertical distribution of 
fish 30 ft upstream of the wicket gates and just downstream of trash racks translates into the 
vertical distribution at the wicket gate.  On this basis we consider the assumption of random 
vertical distribution through the water column remains valid. 

In terms of injury (and therefore mortality) risk within each of the blade annuli, Normandeau 
Associates et al. (2000)3 found that survival between hub-released and mid-blade release 
locations did not differ significantly, but that estimates of absolute survival could be 
categorized as having an increasing gradient from blade tip to mid-blade to hub.  In a review 
of eight multipurpose dams on the lower Columbia and Snake Rivers in Colorado, US Cada et 
al (2000)4 reported mixed results in terms of turbine passage survival. Tests on the Bonneville 
I dam suggest that hub passage resulted in high fish survival for both conventional Kaplan and 
MGR turbines, whereas blade-tip passage was the route with lowest and most variable 
survival. Studies at the McNary Dam suggest that injury rates were slightly higher among 
chinook salmon smolts that passed near the blade tip than over other routes, and that types 
of injuries differed as well. 

The assumptions made within Striker regarding the relative injury risk within the blade annuli 
are therefore considered to be robust based on the research cited above. 

Random orientation 

The probability of a fish being struck by the blade is primarily dependent on its length 
(assuming for the moment that it is a rigid object), the number of runner blades, their speed 
of rotation and the rate at which water passes through the blades.  To avoid a strike, the fish 
must pass through after the passage of one blade and before the arrival of the next. The 
quicker it passes through, the less likely the strike, so both axial water velocity and the relative 
motion of the fish through swimming will affect the risk of strike.  Based on these principals, 
the worst orientation for the fish is to be actively swimming against the current, since its long 
axis will be aligned with flow streams through the turbine with a greater likelihood of blade 
collision.  Swimming against the flow will prolong its exposure to successive blade sweeps.  

                                                           
1 Ploskey, G.R. Carlson, T.J. (2004) Comparison of blade-strike modelling with empirical data.  US Department of 
Energy Efficiency and Renewable Energy.  PNNL 14603 

2 Army Corps of Engineers (USACE). 2004. Turbine Survival Program (TSP) Phase I Report, 19972002. U.S. Army 

Corps of Engineers, Portland District, Portland, Oregon.  

 
3 Normandeau Associates, Inc., J.R. Skalski, and Mid-Columbia Consulting, Inc. 2000. Direct Survival and 

Condition of Juvenile Chinook Salmon Passed Through an Existing and New Minimum Gap Runner Turbines at 

Bonneville Dam First Powerhouse, Columbia River. Report to U.S. Army Corps of Engineers, Portland District, 

Portland, Oregon. 

4 Cada, G.F & Rinehart, B.N. (2000) Hydropower R&D: Recent Advances in Turbine Passage Technology.  US 
Department of Energy, Idaho Operations Office. 
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Any deviation from this alignment would effectively reduce the ‘apparent’ length of the fish 
(Solomon, 1988), reducing strike probability.   

Coutant and Whitney (2002) concluded that orientation at entry to the turbine is highly 
variable, depending on species, lifestage and other factors.  Ploskey and Carlson (2004) found 
that fish orientation relative to the leading edge of the runner blades appeared to be one of 
the greatest uncertainties in blade-strike modelling. They considered that uncertainty in 
orientation may explain why turbine discharge, which was the most significant factor affecting 
predicted strike and injury, was not significantly correlated with empirical estimates of injury 
or mortality.   

Dheng et al. (2011) found that fish strike models gave the best fit when any possible 
orientation of fish was assumed. Striker assumes that fish pass passively through the turbine 
with random orientation with respect to the flow direction, and without any swimming speed.  
Assuming random orientation is therefore the reasonable course.  

Whether STRIKER rate is averaged over the neap/spring cycle or taken as ‘worst case’ (i.e. 
during pumping). 

Striker calculates injury rates for different times through the ebb and flood tide relating to the 
net operating heads of the turbines (1.25m to 6.25m).  A weighted mean injury rate is then 
calculated to take account of the ratio between ebb and flood tide generation.  Weighted 
means (W) are calculated using the following formula: 

𝑊 =  
(𝑅𝐸 + 𝐹)

𝑅 + 1
 

where R was the ebb:flood ratio (1:18:1) and E and F were the percentages of injury per 
turbine pass during ebb and flood tides, respectively. 

NRW (TE) request further evidence for how the following has been considered in the 
model: velocities around turbines and sluices; whether sluice passage can be 
considered benign to all species; why it should be assumed that fish passage routes 
will mirror the volumetric flow split, (i.e. 80/20 percentage split for water through 
turbines /sluices); position of sluices in relation to fish behaviour (if undershot are 
pelagic species less likely to use them?), how dual sluice and turbine operation has 
been considered in the 80/20 percentage volume split. 

The alternative Draw Zone approach to modelling the fish impacts, which was produced in 
order to sensitivity test the original ES submissions, does take into consideration the flow 
velocities around the turbines and sluices and are, in fact, the central focus of the model.  The 
potential encounter rate in the Draw Zone model is determined by the extent of the area in 
front of the sluices and/or turbines (i.e. draw zone), which if entered, would result in a fish 
being passed through the turbines or sluices due to velocities above the fishes swimming 
speed. The model uses separate velocity values obtained for both ebb and flood tides.  

If shear stress injury is caused by the sluice gate operations then it may occur, as indicated in 
the original ES submission (para 9.5.3.133) , in a thin (10cm) zone around the margins of the 
sluice gate housing where water passes over the structure and flows decrease rapidly as a 
consequence. This zone of potential injury will reduce, relative to the main water flow through 
the centre of the sluices, as the gate opens and water flows through the whole width and 
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height of the sluice chamber. The potential injury zone will be most significant in the first few 
seconds of opening after which time it will reduce until the sluices are fully opened.  When 
closing the same flows, and associated risks will not be encountered because there will be no 
head difference between the inner and outer lagoon.  

Pelagic, clupeid fish species such as herring are the most susceptible to injury due to shear 
stress however, they also avoid structures, preferring to swim in open water (thigmophobic) 
and are therefore deemed unlikely to approach and enter the concrete sluice draught tubes.   

There have been relatively few, if any, studies into the impact of submerged sluices 
particularly of similar design and location as those in Swansea Tidal Lagoon.  Whilst, TLSB do 
not consider that sluice passage will be benign to all species we do believe that if there is an 
impact it will be very low. This is because unlike fish passing through the sluices, those passing 
through the turbines are subjected to additional injury risk caused  primarily by collision with 
guide vanes or turbine blades , none of which will occur during sluice passage.  In addition, 
the sluice gates will open over a 10 minute period rising at the rate of approximately 1m every 
43 seconds.  Thus the period of greatest risk, immediately after opening, will be very short.  

The actual route via which the fish will pass into the lagoon is currently unknown hence it has 
been assumed that they will enter in proportion to the volume of water being exchanged. This 
does not take into consideration the potential impact of avoidance and attraction behaviour 
that fish may exhibit when the turbines are operating. For example, noise from the turbines 
may deter fish from entering/exiting the lagoon via the turbine route. 

The six sluices are each 13m wide and will be raised vertically 14.35m to their fully opened 
position. This opening procedure will take approximately 10 minutes and will occur near to 
the end of the generating phase when the head difference between the lagoon and Swansea 
Bay is approximately 1.5m. Unlike many undershot sluices, those in the lagoon are fully 
submerged under all conditions and therefore water does not flow with a free surface into an 
open tailrace.  

The base of the sluices are located at a depth of 16m (low water) increasing to a depth of over 
25m over high water.  

The sluice gates are located in a ‘tunnel’ at the centre of the housing structure and therefore 
22m from either the lagoon or outer sea.  Beyond the outer edge of the sluice housing there 
will be a further 10m of concrete apron and then a further area of scour protection. This total 
area will be scoured four times daily by flooding and ebbing tides and is not therefore 
expected to provide an attractive habitat for fish species given that there will be no substrate 
in which to seek refuge nor benthic foraging opportunity.  

Modelling of the initial draw zone for the sluices indicates that water will flow along the bed 
of the sluice structure which, given that it will be an area of concrete and scour protection, is 
unlikely to provide suitable habitat for demersal species such as sole and plaice.  

Pelagic species may use the sluices but this is more likely to occur after the initial opening 
phase.  

The new 7.2m diameter turbines and 16 turbine: 6 sluice arrangement is designed such that 
the sluices and turbines will operate simultaneously during the final part of each generation 
cycle. This will take place for a short period of time approaching water level equilibrium inside 
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and outside the lagoon. During this dual operating period the turbines will be turning far more 
slowly than their maximum 73 rpm, typically <30rpm as a consequence of the low head 
difference (0 < 1.5m). 

 

 

 

 

 

 


