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SWANSEA TIDAL LAGOON 
 
Background: 
 
I have been requested by Turnpenny Horsfield Associates to conduct a peer review of the Fish 
Behaviour Modelling Study at it relates to the Swansea Tidal Lagoon Power project.  
 
I spent 35 yrs. in the water industry as a fisheries officer and scientist. During that period I became 
an internationally recognised expert on fish ecology and management in intertidal areas such as 
estuaries and saltmarshes, particularly with reference to the Water Framework Directive. Over that 
time period I developed extensive experience of utilising that knowledge base to achieve more 
sustainable development and management solutions in tidal waters, across the UK.  Major areas of 
my work included power station cooling water systems, tidal power applications and port 
developments. As a national technical advisor I was heavily involved in the development of new 
policy strands based around Water Framework Directive in transitional and coastal waters. Given my 
technical background, since inception in 2007, I have sat on the BEEMS Expert Panel, a semi-
independent group set up to advise EDF on best practice cooling water systems for any new 
generation of nuclear power stations in the UK.   
 
Since leaving the Environment Agency in 2011, I have continued to be engaged in the same work 
areas as a consultant. I am also Chair of a Specialist Section of the Institute of Fisheries Management 
(Estuarine and Marine) which seeks to promote sustainable fisheries management in tidal waters.  
 
I have taken the opportunity to provide a few additional comments on the STRIKER v4 modelling, 
since I believe that the two elements in conjunction provide an important new, more robust and 
sustainable approach. 
 
STRIKER v4 Fish Turbine Passage Modelling: 
 
I am familiar with the development of the STRIKER modelling programme. Development of this 
programme over the past 2 decades represents established good practice in the field.  I note with 
interest the additional features available in STRIKER v4, which provide significant improvements, 
making the outputs in applications such as this even more realistic. I found the sections on Pressure 
Change and Sheer Stress and Turbulence particularly valuable and informative.  
 
I fully endorse the comments made in Conclusions that the STRIKER model outputs are only intended 
to be used in conjunction with fish turbine encounter rate estimates derived from the fish behaviour 
modelling studies. This fresh and integrated approach is much more likely to develop estimates of 
impact on fish which approximate more closely to the real world.    
 
However, any approach, however innovative, can only ever approximate to reality.  I would strongly 
recommend rigorous post-project appraisal to test the validity of the approach and provide 
information on which to base even more sustainable future options.   
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I would draw from Tables 5 & 6 that there would appear to be some small benefit, 
apparent on both the flood and ebb tides, in terms of lowering the overall impact on fish, if power 
generation did not take place at the lowest net operating head of 1.25m.  
 
Fish Behaviour Modelling:  
 
In general terms, I find the modelling outputs to be extremely high quality, built on robust and 
thoroughly explored rationales which provide a high level of confidence that these are good 
approximations of real life fish behaviours.  However, I would wish to make a number of comments 
and suggestions. 
 
1. Notes for the modelling suggest that for fish below 20mm in length, passive movement with the 

tidal flows is assumed.  In practice, 0+ fish of a range of round and flat fish species at 8-20mm 
have been observed actively using Selective Tidal Stream Transport (STST) to migrate upstream 
in estuaries. This has been poorly studied in Western Europe to date (Bos, 1999; Jager, 1999). It 
has been observed in some detail in the Thames estuary (Colclough et al., 2000 & 2002).  
 

2. It would be useful to see a baseline model of current flow patterns for Swansea Bay which 
included the impacts of both the Taw and the Neath. This is a complex system. We need to 
understand the full background of existing interacting flow patterns and migratory pathways.  
 

3. It would help if the models ran slightly slower and some visual indication was provided of how 
the tidal cycle was progressing as the model runs. The notes provided on parameterisation and 
uncertainty note that survival of juvenile salmon is linked to the rapidity of the migration.  I can 
add that for juvenile marine fish migration, utilising STST, there does appear to be a competitive 
element. The majority of the fish move upstream as soon as the tide starts to flood. The very 
young fish are seeking out food sources only available in the high intertidal areas and have 
limited time to access those areas (Fonseca et al, 2011).  Larger fish of some species such as thin 
lipped grey mullet often move into the intertidal areas immediately after immersion to feed on 
invertebrate life disturbed by the tidal process (Colclough et al, 2005). These are all active 
movements driven by opportunity, competition and survival.  

4. It would also aid interpretation if a salinity component could be added into the modelling.  The 
relationship between salmonid migration and salinity is well understood, but this is less so with 
other species, which have very different tolerances and preferences. For example, a salinity 
component in the juvenile plaice model would demonstrate that the fish actively avoid the 
lower salinities found in the mouths of estuaries (Colclough et al, 2000; Elliott & Hemingway, 
2002; Haedrich, 1983; Rijnsdorp et al, 1985).  By contrast, very young 0+ bass actively seek out 
low salinity areas and so are drawn deep into estuaries (Colclough et al, 2000 & 2002; Kelley, 
1988; Picketgt et al, 2004).  
 

5. Other than the point above about salinity, the general modelled movement of both juvenile 
bass and plaice is entirely realistic, moving inshore on the flooding tides and retreating on the 
ebb.  In reality there is a pronounced seasonal element to these movements. Young fish will 
only appear in the intertidal margins in the late spring to autumn months. This tidal movement 
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is progressively less marked as the fish grow.  There are some important 
differences between species. For example a single cohort of 0+ plaice will appear in the 
intertidal margins in June and retreat to deeper water by November (Rijnsdorp et al, 1985). 
Over the same period by contrast, multiple waves of 0+ bass may appear on the same shore, 
arising from multiple spawning sites (Sabriye et al, 1988). It is probably true that young 
specimens of these two species will tend to aggregate over the summer period in the lagoon. 
The scale and depth of the lagoon is probably sufficient for the young of these species to follow 
their normal tidal migration patterns without having to emigrate from the lagoon once entered.  
These fish will then leave the lagoon in the late autumn as temperatures reduce. There are a 
number of reported cases where juvenile bass have aggregated in semi-enclosed dock basins 
over considerable periods of time (S.Coates, pers.comm.) Such behaviour in this case may lend 
itself to recreational angling exploitation.  
 

6. The herring model displays an aspect of fish behaviour which has yet to be established in the 
UK. Pacific herring  Clupea pallasai have been reported to demonstrate a scouting behaviour 
when searching for potential spawning sites. Only a few European workers have studied 
spawning behaviour in Clupea harengus. Aneer et al, (1983) and Nøttestad et al, (1996) describe 
various behaviour patterns in spawning shoals, including searching for suitable spawning sites. 
Given these descriptions and the close relationship between the two species, the model set out 
would seem to be a possible simulation of the real behaviour.  Herring are known to spawn in 
this general locality. If the habitat inside the lagoon remains suitable for herring spawning, the 
aggregation described in the model could occur.  
 

7. The adult bass model seems to quite realistic. However, it should be noted that as predators, 
adult bass can be more influenced by structures and features than by tidal movements per se. 
(Pickett et al, 2004). The larger fish tend to approach the shoreline less as they grow older 
Pickett et al, 2004).  Rock armouring of the lagoon walls might establish a reef type habitat 
which would be very attractive to adult bass, as well as other reef fishes such as wrasses.  

 
8. The migratory salmonid models all point to one particular issue, the location and orientation of 

the sluice/turbine structure. The model outputs tend to suggest that this facilitates entry of fish 
into the lagoon at certain stages of the tide. This appears to be a significant issue with the Adult 
Sea Trout West model in particular. The tracks modelled for the fish pass across the face of the 
aperture. Two options are suggested by this modelled behaviour. A more southerly structure 
sited towards the apex of the lagoon would seem to capture less fish, if the model is realistic. 
Alternatively a method of interrupting the migration pathway close to the structure might 
reduce capture. This could take the form of a training groyne placed at the northern end of the 
structure. This would tend to deflect the prevailing tidal stream away from the aperture. 
Acoustic deterrence placed at the southerly end of the aperture might work either alone or in 
tandem with a training groyne.  

 

Steve Colclough,   Director SC2 
BSc Hons, FIFM, C.Env.  
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TLSB 9-7  Clarification Note Chapter 9 

Topic: Peer review of fish models by S Colclough - update 
 

Background: 
 
Steve Colclough of Colclough Coats SC2 Ltd conducted a peer review of the Turnpenny Horsfield 
Associates Ltd Fish Behaviour Modelling Study at it relates to the Swansea Tidal Lagoon Power 
project.  
 
A number of recommendations/comments were identified as a result of the peer review.  These 
comments have been extracted from the review and this update provides feedback as to actions 
undertaken to take onboard these recommendations. 
 
STRIKER v4 Fish Turbine Passage Modelling: 
 
“However, any approach, however innovative, can only ever approximate to reality.  I would strongly 
recommend rigorous post-project appraisal to test the validity of the approach and provide 
information on which to base even more sustainable future options.”   
 
TLSB Update - Post-construction monitoring will be undertaken as part of the project.  Outline 
structure provided in the AEMP (Appendix 23.1). 
 
“I would draw from Tables 5 & 6 that there would appear to be some small benefit, apparent on both 
the flood and ebb tides, in terms of lowering the overall impact on fish, if power generation did not 
take place at the lowest net operating head of 1.25m.”   
 
TLSB Update - The STRIKER v4 modelling undertaken was for fixed speed turbines with worst case 
67rpm. In reality the maximum speed of the fixed speed turbines is predicted to be 60+/-2.5 rpm.  
As such the information provided in the ES is worst case. In addition to this the issue of increased 
impacts at lower head of water would be reduced through the use of variable speed turbines 
where the rpm is slower at these lower heads (Chapter 9, 9.5.3.96 - 9.5.3.99).  
 
Fish Behaviour Modelling:  
 
“In general terms, I find the modelling outputs to be extremely high quality, built on robust and 
thoroughly explored rationales which provide a high level of confidence that these are good 
approximations of real life fish behaviours.  However, I would wish to make a number of comments 
and suggestions. 
 

9. Notes for the modelling suggest that for fish below 20mm in length, passive movement with 
the tidal flows is assumed.  In practice, 0+ fish of a range of round and flat fish species at 8-
20mm have been observed actively using Selective Tidal Stream Transport (STST) to migrate 
upstream in estuaries. This has been poorly studied in Western Europe to date (Bos, 1999; 
Jager, 1999). It has been observed in some detail in the Thames estuary (Colclough et al., 
2000 & 2002).”  
 
TLSB Update - STST is included in the model but the description may have been misleading 
– wording in submitted Environmental Statement was amended. However, in practice, this 
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will have negligible effects on the assessment as STRIKER modelling indicates that fish this 
small are minimally affected by turbine passage. 
 

10. “It would be useful to see a baseline model of current flow patterns for Swansea Bay which 
included the impacts of both the Taw and the Neath. This is a complex system. We need to 
understand the full background of existing interacting flow patterns and migratory 
pathways.”   
 
TLSB Update - This has been included in the updated model. 
 

11. “It would help if the models ran slightly slower and some visual indication was provided of 
how the tidal cycle was progressing as the model runs. The notes provided on 
parameterisation and uncertainty note that survival of juvenile salmon is linked to the 
rapidity of the migration.  I can add that for juvenile marine fish migration, utilising STST, 
there does appear to be a competitive element. The majority of the fish move upstream as 
soon as the tide starts to flood. The very young fish are seeking out food sources only 
available in the high intertidal areas and have limited time to access those areas (Fonseca et 
al, 2011).  Larger fish of some species such as thin lipped grey mullet often move into the 
intertidal areas immediately after immersion to feed on invertebrate life disturbed by the 
tidal process (Colclough et al, 2005). These are all active movements driven by opportunity, 
competition and survival.”  
 
TLSB Update - The speed in the model has been reduced by a factor of 3 which makes the 
visualisation clearer. 
 

12. “It would also aid interpretation if a salinity component could be added into the modelling.  
The relationship between salmonid migration and salinity is well understood, but this is less 
so with other species, which have very different tolerances and preferences. For example, a 
salinity component in the juvenile plaice model would demonstrate that the fish actively 
avoid the lower salinities found in the mouths of estuaries (Colclough et al, 2000; Elliott & 
Hemingway, 2002; Haedrich, 1983; Rijnsdorp et al, 1985).  By contrast, very young 0+ bass 
actively seek out low salinity areas and so are drawn deep into estuaries (Colclough et al, 
2000 & 2002; Kelley, 1988; Picketgt et al, 2004).”  
 
TLSB Update - Salinity is not included because the hydraulic model is not integrated with 
the WQ model. In practice we have not looked to include salinity as due to the high flows 
in the vicinity of the turbines, salinity will not be an influencing factor in relation to fish 
behaviour.   
 

6. “The herring model displays an aspect of fish behaviour which has yet to be established in the 
UK. Pacific herring Clupea pallasai have been reported to demonstrate a scouting behaviour 
when searching for potential spawning sites. Only a few European workers have studied 
spawning behaviour in Clupea harengus. Aneer et al, (1983) and Nøttestad et al, (1996) 
describe various behaviour patterns in spawning shoals, including searching for suitable 
spawning sites. Given these descriptions and the close relationship between the two species, 
the model set out would seem to be a possible simulation of the real behaviour.  Herring are 
known to spawn in this general locality. If the habitat inside the lagoon remains suitable for 
herring spawning, the aggregation described in the model could occur.” 
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TLSB Update - Mitigation measures (provision of spawning media) have been incorporated 
into the design of the project. Further discussion of impacts is provided in ES and the 
availability of alternative spawning habitat in the bay.   Clarification note has been 
prepared to demonstrate viability of lagoon wall as suitable spawning habitat (as per Port 
Talbot Harbour walls).  
 

8. “The migratory salmonid models all point to one particular issue, the location and orientation 
of the sluice/turbine structure. The model outputs tend to suggest that this facilitates entry 
of fish into the lagoon at certain stages of the tide. This appears to be a significant issue with 
the Adult Sea Trout West model in particular. The tracks modelled for the fish pass across the 
face of the aperture. Two options are suggested by this modelled behaviour. A more 
southerly structure sited towards the apex of the lagoon would seem to capture less fish (1), 
if the model is realistic. Alternatively a method of interrupting the migration pathway close 
to the structure might reduce capture (2). This could take the form of a training groyne 
placed at the northern end of the structure. This would tend to deflect the prevailing tidal 
stream away from the aperture. Acoustic deterrence placed at the southerly end of the 
aperture might work either alone or in tandem with a training groyne. “ 
 
TLSB Update - 8 (1) The potential for fish within the Adult Sea Trout Model to pass across 
the face of the turbines thus facilitating their entry into the lagoon at certain stage of the 
tide has been considered. However it should be noted that although the tracks indicate 
that fish may pass across the face of the aperture, the number of fish that subsequently go 
through the turbines are influenced by other factors, such as fish swimming behaviour and 
capture flows.  If the turbine/sluice gate house were relocated all the major capture flows 
through the turbines would be very different, due to the different depth patterns.  These 
varied patterns of water when combined with the swimming behaviour of the fish, are 
extremely difficult to predict. If the more southerly option were being progressed, 
modelling would be undertaken to confirm any assumptions. Note: due to other over-
riding engineering factors the more southerly location is not being progressed. 
 
8 (2) A groyne or other devices around about 100-500m in lateral extent (like the eastern 
and western breakwater walls of the Tawe mouth, for instance), would be in the range in 
which the fish will be able to detect the flow patterns around the devices. The proposed 
structures would certainly change the local flows, causing local changes in flow velocity 
and direction and some local turbulent eddies. This effect caused by the breakwater walls 
on some states of the tide, as seen in the high resolution model Figure 1) and other 
turbulent features, that will locally look like flow reversals. One cannot be sure of the 
exact pattern of turbulence caused by a groyne or wall within the vicinity of the turbines 
unless detailed designs were developed and modelling undertaken.  
 
It could be argued that a groyne would be much more likely to produce a confusing, or 
“interesting”, feature for adult salmon compared to a relatively sparse smooth entrance 
flow.  Lack of groyne with a smooth entrance flow would provide the most accurate signal 
of a potentially dangerous flow compression (from the turbines), with no confusing signals 
of potential feeding opportunities (turbulence).  However, in close vicinity to the turbine 
house, it is generally understood that “other behaviour” will prevail, and as such it is 
concluded that neither design can be “recommended” over the other.   Notwithstanding 
this, the smooth entrance flow field is likely to be the least attractive and most easily 
sensed and avoided.  In terms of the modelling undertaken to support the application, the 
worst case has been adopted, namely that the fish have ‘no behaviour’ around the 
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smoothest inflow. However, it is acknowledged that fish will ‘behave’ in response to the 
smooth entrance flow, and it is our expert opinion that as identified above, this will lead 
to avoidance.  Hence a worst case assessment has been presented in the Environmental 
Statement. 
 

 

Figure 1. Passive dispersal of particles from the Tawe. These are not swimming (i.e. model 
assumes no behaviour) and therefore the particles are entrained in a large eddy that forms 
in this location at high tide (beaches are accurate). Training walls, around the entrance to 
the Tawe, cause regular eddies which would be potentially attractive and / or confusing for 
fish around the turbines and which may mask the core current pattern from the Tawe. 
Colours are depths from 1 (blue) to 40 m (red), scale is indicated by tick marks 2 km apart on 
y axis. 
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