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Appendix 7.2.2 

Tabulated APEM report  
with THA comments 





APEM report - THA review 

   Section in 
report APEM report sentence THA comment 

Summary of key 
points - 1.  

Due to extensive movement of migratory salmonids along the 
South Wales coast there is potential for populations of more 
rivers to be impacted than currently included within the 
far-field zone 

Other rivers were scoped out following interpretation of the 
hydraulic model, which shows that Swansea Bay forms a 
distinct tidal circulation cell which is bypassed by the bulk flow 
of the Bristol Channel. Percentages of fish stocks from more 
distant rivers affected will therefore be lower than for those 
entering the Bay directly. 

Summary of key 
points - 2. 

Migratory salmonids could approach from any seaward 
direction rather than the currently predominantly assumed 
oceanic westerly direction 

This is not the case. The model included approaches from all 
directions. The flow situation in Swansea Bay forces fish to 
approach from either the east or the west. We only show the 
worst case. The olfactory trails demonstrated this clearly 
(Appendix 7.6.2 of ExA Q7.6). 

Summary of key 
points - 3. 

The fish characterisation could be improved by looking at 
longer term data and referring to conservation limit assessment 
information 

WFD data has been assessed in addition to NFC data. Ten 
years historic data is considered sufficient to characterise the 
population in this case. 

Summary of key 
points - 4. 

The main migratory periods reported are questionable for adult 
salmonids in general and more crucially for sea trout which may 
be present within the area for feeding throughout the year, if 
their principal prey species are present 

The main migratory periods for adult salmonids in the area 
were confirmed in consultation with fishermen. With regard 
to sea trout which may be present throughout the year, this 
cannot be quantified, and it is only worth modelling things 
that the model can throw light on. The assessment therefore 
uses expert opinion.  



Summary of key 
points - 5 

There are large elements of uncertainty in the modelling 
approaches and their input data which are not currently 
sufficiently discussed or their potential implications 
acknowledged 

Calibration and uncertainty was discussed further in the ES 
submitted with the application. See Appendix 9.5 (this has 
been further updated as Appendix 7.6.1 of ExA Q7.6). The 
uncertainty has been extensively discussed. There is no 
concern with the input data, this is extremely well established, 
and wide ranges were used to capture the uncertainty. Where 
no knowledge existed - all options were tested and the worst 
case used (ie: when to leave with respect to tides.) 
 
This concern may perhaps be with the behavioural rules, 
which were kept as simple as possible. 

Summary of key 
points - 6 

The presence of the Tawe barrage and its potential influence on 
migratory fish behaviour has not been discussed or 
incorporated into the encounter modelling 
which could result in underestimates of delay to passage and 
the potential for multiple returns to the estuarine/coastal 
environment before entering freshwater 

The encounter modelling was relevant to the migratory 
journey between 20 km and 1 km of the entry to the river. The 
water model was similarly designed. The barrier is thus 
irrelevant to the model. As far as its influence on time of 
leaving - this is largely overcome by the tidal forces - slow 
swimming fish are unable to make headway against an 
incoming tide and so tend to leave on the top of the tide or 
the outgoing tide irrespective of when they 'intended' to 
leave. In any case the model fish were released on all tidal 
states (in/out/neap/spring) and randomly distributed over (up 
to) an 8 hour period, and so the worst cases were examined 
and used. 
 
None of the model fish enter the river or, thus, cross the 
barrage. They all stand off using the same (ie constant for 
each fish) navigational parameters derived from the 
calibration of movement elsewhere. In fact the stronger cue 
here would be appropriate which would have led to even 
tighter distribution around the barrage.  No fish were 
impacted by the lagoon during this stand-off phase which was 
tested indefinitely (more than 5 days)  
Information on the Tawe barrage is discussed in the ES 



paragraphs 9.5.3.113 - 9.5.3.121 and in the cumulative 
impacts section 9.5.5.   

Summary of key 
points - 7 

There does not appear to be any mechanism for incorporating 
environmental conditions in particular river flows into the 
encounter modelling which may be an important factor in 
relation to passage past the Tawe barrage 

Some flows were incorporated in the water model. River flows 
are irrelevant at the scales relevant for the encounter 
modelling (1-20 km away).  

Summary of key 
points - 8 

The fish size distribution data used for the encounter model and 
STRIKER estimates are not fully appropriate to the local river 
populations of adult salmon and sea trout 

Panteg trap data became available after the Draft ES (on 
which APEM were commenting) and this was included in the 
ES submitted with the application. This data was run in the 
STRIKER model to inform the ES.   Within the IBM model 
(behaviour model) THA looked at worst case.  The range of 
sizes of fish in the model were designed to examine the 
uncertainty around swimming speed. The assessment does 
not try to replicate the population of the river to make a 
prediction. It covers the worst cases across the range of sizes. 

Summary of key 
points - 9 

The fish turbine passage modelling is currently based on a 
deterministic model however, due to the uncertainty in input 
parameters a stochastic model may be more appropriate to 
allow interpretation of the potential range of model outputs 

Randomness and uncertainty are added by use of resampling 
the mortality across the range of uncertainty in the results 
from the encounter modelling to provide a probabilistic 
answer. This had the advantage of being dependent on 
measured effects of uncertainty rather than estimates.  

Summary of key 
points - 10 

There should be some acknowledgement within the assessment 
that the turbine passage compound mortality estimates cannot 
be considered as complete mortality rates as it is not possible 
to quantify a number of the impacts such as predation risk and 
sluice passage 

Sluice passage mortality for clupeids is estimated and 
assessed in the final version of ES. Other passage effects, 
including heightened predation risk are acknowledged but 
cannot be quantified. 



Summary of key 
points - 11 

It is understood that the EIA in general has adopted a Rochdale 
Envelope approach. It is not clear however, how a worse case 
approach has been implemented for fish. 

See Appendix 9.5 on uncertainty included in the final ES (this 
has been further updated as Appendix 7.6.1 of ExA Q7.6).  

Summary of key 
points - 12 

Population effects are not estimated. Even if direct fish number 
losses (at least from turbine) are small, there are additional 
potential mortality effects (e.g. predation). The eventual effects 
on populations would give added confidence about the impacts. 
There is precedent for this for salmon on the DECC Severn Tidal 
Power SEA study. 

The predicted mortality rates in this case are much smaller 
than for the Severn SEA and although appropriate for that 
study, for this study and any attempt at population modelling 
would be meaningless. This is because these figures are small 
relative to population sampling errors and natural interannual 
stock fluctuations. 

Summary of key 
points - 13 

In absence of population modelling. Life time egg deposition 
offers an improved way to estimate impacts giving a more 
realistic representation of the importance of larger fish. 

See response to point 12. 

Summary of key 
points - 14 

Given the inherent uncertainty in fully quantitatively assessing 
impacts, qualitative magnitudes of effects focusing on effects 
upon the species or population may be more appropriate than 
the quantitative thresholds used within the assessment 

Quantitative assessments have only been provided where 
quantitative means of assessing impacts have been used. (e.g. 
IBM & STRIKER modelling). 

Summary of key 
points - 15 

There is discussion in the assessment chapter regarding 
modelling impacts upon Wye and Usk fish however, there is no 
presentation of the modelling outputs and no discussion of this 
further within the assessment 

This is dealt with separately within Revised Habitats 
Regulation Assessment (section 10.2) which shows no adverse 
effect on the site integrity of the Rivers Usk. 



Summary of key 
points - 16 

The summary tables of impacts are incomplete for increased 
predation and entrainment and injury from turbines. It is not 
therefore possible to comment on the final assessment 
conclusions at this time. 

These have been completed in the final version ES. 
Explanatory notes have also now been prepared for 
clarification as requested by NRW. 

Summary of key 
points - 17 

There is limited discussion of mitigation measures within 
chapter 9, the main one for fish being the use of an Acoustic 
Fish Deterrent. There is however, some uncertainty regarding 
the proven effectiveness of this technique for this specific 
application. 

Although AFDs have not been used in the specific context of 
tidal power, there is nothing new in terms of target species 
and application in the marine environment (used at several 
UK coastal power stations for similar range of fish types). The 
main challenge will be to ensure that the effective range of 
deterrence extends to low velocity areas in front of turbines 
where fish have the chance to flee. 

Summary of key 
points - 18 

There are further potential mitigation options that could be 
considered which are discussed within this document. 

Further mitigation options are currently being discussed with 
NRW.  
a) Use of appropriate geotextile lining to minimise the release 
of fine sediment into the water column;  
b) Selection of dredging equipment by the contractor will be 
appropriate to the depths and material types to be dredged 
and to minimise the creation of plumes;  
c) Marine habitat or seafloor disturbance clearing for the 
construction of the Project will be limited to the red line 
footprint of the development. Operations outside the scheme 
footprint will be prohibited. Boundaries will be enforced and 
distribution of worker awareness information;  
d) The Project will adhere to Best Practice Guidance identified 
in Marine Minerals Guidance 1: Extraction by dredging from 
the English seabed (Office of the Deputy Prime Minister, 
2002), or other industry standards with respect to dredging 
and disposal of dredged material;  
e) Disposal of the dredge spoil not pumped into the Geotubes 



will be undertaken at Swansea Bay licensed outer disposal 
grounds thereby presenting minimal risk of impact to sites 
outside the development area;  
f) Dredging will be generally be undertaken between April and 
October; and  
g) Preventing on-board screening or minimising material 
passing through spillways when outside the dredging area to 
reduce the spread of the sediment plume.  
Further, with respect to habitat modification:  
1. the design of seawall will be adapted to increase 

heterogeneity and potential for fish spawning through 
the following measures:  

I. Avoid smooth rock material/increase roughness; and  
II. Introduce gravel/appropriate media at the base of the 
seawall for fish which use substrate to spawn (e.g. herring).  
b) Removal and Relocation of Shellfish from the Dredged 
Areas/Seawall footprint by trawling translocation of sessile 
species.  
c) Inclusion of a lobster hatchery within the design of the 
Lagoon.  
d) Mariculture facilities would indirectly provide suitable 
forage and refuge habitat to juvenile fish and shellfish.  
e) The use of BioBlocks will also be investigated to enhance 
the ecology of the area.  

Summary of key 
points - 19 

In the absence of monitoring methods being provided within 
the assessment, some potential options are discussed within 
this document, 

An Adaptive Environmental Monitoring Plan is included in the 
ES, Appendix 23.1 and in secured by requirement 6 of the 
DCO. 



3.1 Section 9.5.2 
Methodology 

While the direction of error is clear the amount however, is not. 
It is not possible to predict with any certainty what proportion 
of say Wye salmon or Tywi sea trout will be exposed 

Wye & Tywi salmon (for example) straying to rivers that feed 
into Swansea Bay are to all effects lost to their natal stream at 
the point they migrate from the river as a smolt.  THA do not 
believe an encounter with the lagoon of a Wye fish returning 
to the Tawe to spawn would effect the annual return of fish to 
the Wye as this fish has already effectively been 'lost' to the 
Wye. The point of straying would suggest it would not return 
to its natal stream. It is not however known how many of the 
fish that 'stray' into the Tawe or Neath subsequently retrace 
their steps and return to their natal stream. 

3.2 Section 9.5.3 
Migratory Fish 
Populations and 
River Quality 
Status 

The provenance of the freshwater fish population data is 
unclear 

Data used included all available electric fishing data between 
2001 and 2012 for non-salmonid fish and rod catch data 
between 2001 and 2011 for salmonid. It was sourced in Excel 
format from Environment Agency Wales, the request was 
made on the 14th November 2012. 

3.2 Section 9.5.3 
Migratory Fish 
Populations and 
River Quality 
Status 

The data are given as NFC classifications for one year, but if 
these are the same data as used for the EA’s WFD reporting 
they should represent electric fishing surveys for up to six 
previous years 

To represent the quality of the rivers the Fisheries 
Classification Scheme was deemed suitable. WFD and NFC 
differ in how they are calculated, and NFC surveys serve to 
inform WFD fish fauna biological quality element. The WFD 
characteristics are presented in a separate section. 



3.2 Section 9.5.3 
Migratory Fish 
Populations and 
River Quality 
Status 

The catch data reported are accurate, but the status (see 9.5.5 
below) is more completely described by longer term analysis. 

Where available SAPs for the rivers were used (Tawe). The 
Western Wales River Basin Management has been discussed.  
 
The 11 years historical data presented is deemed suitable to 
give a representation of the local migratory fish populations.  

3.3 Section 9.5.4 
Migratory Fish 
Characterisation 

It is likely that all three rivers (and others that might be 
impacted in South Wales, see Table 3.1 and Figure 3.1) have a 
capacity for increase in their stocks and fisheries which could 
potentially be compromised by the project (albeit probably at 
nationally)  "Minor" level, but see later comments on impact. 

 The assessment is not concluding that the small impacts 
predicted will be compensated by density-dependent effects. 
The assessment is conservative and predicts that that there 
may be a small negative effect on stocks. 

3.4 section 9.5.5 
Presence of 
Migratory Fish 
Species, 
Spawning and 
Nursery Areas  

Table 9.13 (p39 baseline report) is a little unclear for migratory 
salmonids on the copy received.  

Migratory periods (April to end of August) are shown by 
arrows whilst spawning periods are shown in dark blue. A 
formatting error was made on the page of the Draft ES.  
 
A further table has been included in the ES which is more 
representative of the local migratory periods. 

3.4 section 9.5.5 
Presence of 
Migratory Fish 
Species, 
Spawning and 
Nursery Areas  

Sea trout adults will be present throughout the year, 
but at highest abundance between April and September, and 
their kelts will be present between November and March 

These timings are not considered to be significantly different 
to those given in the baseline report. Although November 
seems a little early for kelts to be appearing back in the Bay. 
Mid December is considered more likely.  
 

4.1 Model Modelling through the combination of a hydrodynamic model We are pleased to see that APEM agree on this point. APEM 



appropriateness 
and general 
method 

of the site and species specific Individual Based Model (IBM) is 
the only means of predicting fish encounter prior to 
construction. 

are the only organisation we know of that has previous 
experience of this technique in a tidal power setting. 

4.1 Model 
appropriateness 
and general 
method 

As with any modelling approach however, it is based on 
theoretical information often backed up with limited or 
uncertain data and as such is fraught with uncertainty and open 
to challenge and criticism of in particular the input data 

To overcome uncertainty THA have adopted a 'worst-case' 
approach throughout, and the final models used represent the 
worst of a large number of model runs. This aspect has been 
highlighted in our 'uncertainty' appendix.                                                                                                             
 
 THA believe the modelling is suitable for the following 
reasons: 
1. The input data is extremely well established, especially such 
things as swimming speed, and navigational cue. 
2. Where data is unknown a wide range across all plausible 
values has been tested and worst case used. 
3. The models are very simple - fish only swim (and avoid 
beaching). This has the advantage of reducing the input data 
to a minimum of well known values. 
4. The model represents the instantiation of a scientific 
statement. A scientific statement cannot be verified it can be 
falsified (Karl Popper - The logic of Scientific Discovery 1959). 
The model is not falsified by any known data, even data that 
has been introduced after the modelling has been completed. 
5. The uncertainty is measured and estimated.  
 
 



4.1 Model 
appropriateness 
and general 
method 

Although uncertainty in the model technique and calibration 
are discussed in the upfront sections of this appendix, there is 
limited discussion of the uncertainty and limitations of the input 
data in particular and how these may have influenced the 
model outputs and ultimately the predicted impacts from 
turbine passage 

This is addressed in Appendix 9.5 of the ES (which has been 
further updated as Appendix 7.6.1 of ExA Q7.6). The Draft ES, 
which APEM reviewed, did not include this Appendix. 

4.1 Model 
appropriateness 
and general 
method 

It is not clear from the appendix whether the release point of 
fish within the Tawe was above or below the barrage but it is 
assumed to be below as no mention has been made of the 
delay of entry and exit resulting from the impoundment 
structure 

Departure of smolts from the Tawe downstream of barrage 
(i.e. the release point into the model) has been informed by 
the velocity profile in the lower estuary, the assumptions have 
been supported by Moore et al's single smolt track which 
showed a smolt leaving at the top of the tide.  
 
The models performance has been assessed at all states of the 
tide in appendix 9.5 (which has been further updated as 
Appendix 7.6.1 of ExA Q7.6). 

4.1 Model 
appropriateness 
and general 
method 

The lack of consideration of this key 
factor on fish behaviour upon entering and exiting the Tawe 
may have affected the model running and resultant outputs 
which could potentially be falsifying the results of the 
assessment in either direction 

This is not the case. As mentioned previously, the barrier is 
irrelevant to the scale of the model, 1-20 km away.  
In the outward migration case, the fish are constrained by the 
tides.  Slow swimming fish are unable to overcome an 
incoming tide and leave at the top of a tide or on the outgoing 
tide. 

4.1 Model 
appropriateness 
and general 
method 

All of the video capture figures appear to be for the Tawe only. 
The appendix would benefit from clearer discussion on the 
rivers included. 

Links are provided within the final ES for the actual model 
runs which included Tawe and Neath.  As discussed previously 
other rivers were scoped out following interpretation of the 
hydraulic model, which shows that Swansea Bay forms a 
distinct tidal circulation cell which is bypassed by the bulk flow 



of the Bristol Channel. Percentages of fish stocks from more 
distant rivers affected will therefore be lower than for those 
entering the Bay directly. Other rivers were looked at in the 
EIA process, however only the Neath and Tawe were 
presented as these are the closest rivers and as such show the 
greatest effect. This is further discussed in Appendix 9.5 
(which has been further updated as Appendix 7.6.1 of ExA 
Q7.6). 
  

4.2 Model 
parameterisation 
and calibration 

Moore study (1997) 
 
Speed over the ground was reported as 57 cms-1 which could 
be compared with data in the hydrodynamic model to give an 
indication of swimming speed for this individual 

The report highlighted by APEM provides some independent 
validation of the model. THA have assessed the track within 
the model and it improves scientific confidence in the model. 
Calibrated to this one smolt the model predicts a reduction in 
mortality from 0.12% to 0.03% (a 75% reduction).  This 
supports that the assessment is focussed on worst case.  THA 
were aware that the Southampton calibration used in the ES 
suggested a swimming speed (1.22 body lengths per sec) well 
below that usually reported (4-5) but it was used to focus on 
worst case – as supported by this modelling. A clarification 
note has been provided.  

4.2 Model 
parameterisation 
and calibration 

The Moore (1997) study also indicated that due to delays 
resulting from the Tawe Barrage entry into the lower 
estuary can be during any state of tide as smolts are 
largely unable to detect the state of tide below the 
barrage unless it is overtopping. It may therefore be 
necessary to look at other release times to determine if 
this factor has any bearing on the number of passes into 
the barrage. Although only for a single individual the 

The model run with the real track data showed this was not 
the case and the smolt in question left after the top of the 
tide. The fish fitted well inside the assessments envelop for 
leaving uncertainty, even with the addition of the boat 
interaction. The real track data supported that the leaving 
uncertainty envelope was adequate and a conservative 
approach (see Appendix 7.1.5 for ExA 7.1). 



information presented from this study could provide useful 
local input parameters for the model 

4.2 Model 
parameterisation 
and calibration 

The recapture of tagged smolts from the rivers Usk, Wye and Severn 
(Swain, 1982) indicate that around 4% of recaptured fish in the vicinity 
of their home river were recorded in the non-tidal reaches of 
non-home rivers and a further 48% in tidal waters of the Severn 
estuary and Bristol Channel. In addition to ‘overshooting’ to nearby 
rivers, a number were also recaptured in the River Parrett on the 
south coast of the Bristol channel. It is unknown whether these fish 
would have later returned to their home river had they not been 
captured or would have remained as ‘stray’ fish 

This includes factors that are not targets of the encounter 
modelling. It is important to define the limitations of the 
model and strongly directed swimming on olfactory trails is 
the target. The fjord case of less energetic tides and colder 
water is perhaps a more difficult place to sense a trail- 
perhaps the constant movement and refreshment of the trail 
is easier in the Severn.  

4.2 Model 
parameterisation 
and calibration 

In addition to the Severn estuary fishery Tawe fish were recorded in 
the eastern rivers Ogmore and Usk. As above it is not possible to say 
whether these fish would have returned to their natal rivers had they 
not been captured or would have remained ‘strays’. There is a 
possibility however, that they indicate that adults almon could be 
presented to the Tawe and other impacted rivers not just from the 
West as modelled but also from the East. 

Modelling from the east was undertaken in the EIA process,  
however the impact was less from this direction, and the worst case 
(from the West) was presented in the ES 

4.2 Model 
parameterisation 
and calibration 

Nevertheless, there is a good case for proposing 
that coastal wandering is more than assumed in the report and 
from that come two consequences: (1) Tawe and Neath fish 
might be expected to experience more repeat turbine 
encounters, 

It should be noted that whilst this is the case there may also 
be less repeat encounters with the turbines as fish may 
wander away before contacting the lagoon. It is an 
uncertainty which is considered in the assessment using 
expert judgement to inform the impact.  



4.2 Model 
parameterisation 
and calibration 

Nevertheless, there is a good case for proposing 
that coastal wandering is more than assumed in the report and 
from that come two consequences:  and (2) the salmon 
exposed to the scheme may include fish from other rivers, 
similarly making coastal migrations 

Other rivers were scoped out following interpretation of the 
hydraulic model, which shows that Swansea Bay forms a 
distinct tidal circulation cell which is bypassed by the bulk flow 
of the Bristol Channel. Percentages of fish stocks from more 
distant rivers affected will therefore be lower than for those 
entering the Bay directly.  

4.2 Model 
parameterisation 
and calibration 

There are no detailed notes on the calibration model input 
parameters for sea trout smolts within this appendix. There are 
however, brief output notes on p 28 

Additional information on calibration and uncertainty was 
included in Appendix 9.5 of the ES submitted with the 
application. (This has been further updated as Appendix 7.6.1 
of ExA Q7.6). 

4.2 Model 
parameterisation 
and calibration 

This behaviour could have a significant impact upon the risk of 
the barrage and its turbine structures to this species lifestage 
which is otherwise assumed to swim continuously towards the 
ocean. 

The wandering of species is not something that can be 
meaningfully incorporated into the model. It is therefore 
down the expert judgement which was used to inform the 
assessment. 

4.2 Model 
parameterisation 
and calibration 

The output notes also indicate that a 4 hour release time each 
side of spring high tide was adopted. The Moore (1997) study 
however, suggests that they may in fact enter the lower estuary 
during any state of the tide due to the presence of the Tawe 
barrage. 

As mentioned previously, this has been covered by running 
the model on all tidal states (in/out/ neap/spring) and 
randomly distributed over (up to) an 8 hour period.  The tides 
are shown to constrain the time of leaving as discussed 
previously. 

4.2 Model 
parameterisation 
and calibration 

The model currently assumes that as with salmon they will only 
appear in the area prior to entry into the freshwater system and 
will make directed movement from the oceanic environment 
into the estuary and ultimately river. 

As mentioned discussed above this has been covered by 
running the model on all tidal states (in/out/ neap/spring) and 
randomly distributed over (up to) an 8 hour period.  The tides 
are shown to constrain the time of leaving as discussed 
previously. 



4.2 Model 
parameterisation 
and calibration 

This is however, less likely to be the case for sea trout which if 
possible needs to be represented within the model to give a 
more realistic worse case of impacts upon the population. 

No this is not the case, but a case could be made for some 
expert opinion. Evidence from La Rance suggests that trout 
are not impacted by the turbines for reasons perhaps other 
than inhabitation of the general area. 

4.2 Model 
parameterisation 
and calibration 

It would be beneficial to try alternative assumptions of swim 
speed and orientation etc. to see if they alter the model 
outputs. 

Many variations were tried in the EIA process. This is 
discussed further in Appendix 9.5 of the ES (this has been 
further updated as Appendix 7.6.1 of ExA Q7.6). 

4.2 Model 
parameterisation 
and calibration 

The prevalence of sea trout in coastal net fisheries (when 
such fisheries were operating – EA catch statistics) and 
studies of sea trout elsewhere (Malcolm et al., 2010) 
suggest that their migrations are primarily coastal and 
driven by feeding and availability of prey species, typically 
sand eel and sprat. Sea trout from other natal rivers may 
therefore also frequent this area and interact with the 
scheme. 

This is an unknown and cannot be quantified or meaningfully 
included in the IBM model. The assessment uses expert 
judgement to accommodate these kinds of uncertainties 
(Appendix 9.5) (which has been further updated as Appendix 
7.6.1 of ExA Q7.6).  

4.2 Model 
parameterisation 
and calibration 

The reporting would benefit from more detailed notes on this 
for clarity and to ensure that the most appropriate information 
has been used. 

Further detail was provided in the ES. It should be noted that 
a lot of work is undertaken in the EIA process and the ES is 
provided to summarise this work.  

4.2 Model 
parameterisation 
and calibration 

It would be informative to model contrasting groups of small 
and large salmon and sea trout to see if there is any effect of 
swimming speed if this is not already included in the modelling 
approach (Figure 4.1). 

As explained in the documentation, variation in swimming 
speed was shown to be statistically not related to impact. This 
test was performed to ensure worst case. This is explained in 
the final ES. 

4.2 Model 
parameterisation 
and calibration 

In Report Table 5 adult salmon “encounters” is 603 vs 2,044 for 
sea trout. It is not clear what creates this difference in outputs 
within the model 

Swim speed creates this difference in outputs within the 
model.  



4.2 Model 
parameterisation 
and calibration 

Also and related, sea trout turbine passes are proportionally 
even higher than salmon (3,906 vs 997) compared with 
encounters. Is this a function of size and swimming speed, and 
/or some imposed behaviour in the model. 

Swim speed, and navigational capability - there are no other 
impositions in the model. 

4.2 Model 
parameterisation 
and calibration 

The ratios (sea trout/salmon) of passes and encounters are 
close to the relative abundance of the two species (if the 
catches can be taken as indices of abundance (see Table 1 and 
text above). 

This is coincidental. 

4.2 Model 
parameterisation 
and calibration 

There does not appear to be any mechanism of factoring 
environmental conditions in to the model such as river flows 

These factors are outside the scope of this model in the range 
in which it was targeted (1-20 km). None of the model fish 
enter the river. They all stand-off using the same (constant for 
each fish) navigational parameters derived from the 
calibration of movement elsewhere. In fact, the stronger cue 
here would be appropriate which would have led to even 
tighter distribution around the mouth.  

4.2 Model 
parameterisation 
and calibration 

The 64 fish attempting to pass the barrage made a 
total of 222 approaches with 41 fish succeeding. 

The key issue here is whether the fish are aware that the river 
mouth is at this location. After waiting in this location for 
these times we can be sure that they are aware and then the 
issue is if they would voluntarily enter the lagoon when they 
know this. The model fish stand off from the river mouth 
using the navigation parameters calibrated as mentioned 
above. 



4.2 Model 
parameterisation 
and calibration 

This study demonstrates that adult salmon upon entering the 
inner estuary of a river can regularly (over 50% in this study) 
migrate back out of the estuary. They may therefore come into 
contact with the scheme multiple times. This behavioural trait 
does not seem to have been factored into the model. 

None of the model fish enter the river. They all stand off using 
the same (constant for each fish) navigational parameters 
derived from the calibration. So as far as possible THA have 
modelled this behaviour and no fish were impacted in this 
phase. 

4.2 Model 
parameterisation 
and calibration 

Changes in olfaction strength may alter the navigation time and 
route made by adult salmonids returning to their natal river and 
could influence the potential for them to pass into the lagoon. 

These factors are unknown. THA used a particle model to 
model the pattern of the olfactory trails. THA did not model 
their relative strength. As the substance that is in the trail is 
unknown, this cannot be modelled. A reaction to flow was not 
incorporated – it is assumed that returning adults encounter 
many analogues to these flows such as the current patterns 
around The Bitches, and Skomer Island on the west coats of 
Wales without injury or delay having been reported in the 
literature.  

4.3 Model 
outputs and 
conclusions 

Adult salmon and sea trout populations from other Rivers along 
the Welsh coast may come into contact with the scheme and 
potentially be impacted by it increasing the number of rivers to 
be assessed 

Since the assessment has dealt entirely with percentage 
effects rather than absolute numbers THA have assumed that 
stocks in more distant rivers will be affected proportionately 
less. THA have not attempted to produce a head-count of 
salmon that would be affected. 



4.3 Model 
outputs and 
conclusions 

As a result of ‘straying’ salmon and particularly sea trout adults 
may approach the scheme from potentially any seaward 
direction rather than just the west which is the situation 
currently modelled. This could result in changes to the model 
outputs in either direction 

The model included approaches from all directions. The flow 
situation in Swansea Bay forces fish to approach from either 
the east or the west. The assessment only shows the worst 
case, which was from the West. 

4.3 Model 
outputs and 
conclusions 

Sea trout are likely to be resident within the area for longer 
periods than currently modelled and as such have greater 
potential to interact with the scheme. 

As discussed previously with regard to sea trout which may be 
present throughout the year, this cannot be quantified, and it 
is only worth modelling things that the model can throw light 
on. The assessment of the effect on such fish therefore uses 
expert opinion. 

4.3 Model 
outputs and 
conclusions 

The influence of Tawe barrage is likely to result in delayed adult 
entry into the freshwater environment and potentially 
increased ‘straying’ back into the estuary and coastal 
environment. It may also result in random entry into the 
estuary in relation to tidal state. These factors if incorporated 
into the model may influence the outputs. 

None of the model fish enter the Tawe river. They all stand off 
using the same navigational, and land avoidance, parameters 
derived from the calibration of movement elsewhere. These 
navigational parameters are constant throughout the model 
run for each fish. In fact a stronger cue here would be 
appropriate which would have led to even tighter distribution 
around the mouth. No fish were impacted by the lagoon 
during this stand-off phase although it was tested (effectively) 
indefinitely for each species. 

4.3 Model 
outputs and 
conclusions 

Factoring environmental conditions into the model in particular 
in relation to passage over the Tawe barrage may influence the 
outputs 

Smolt are constrained by the tides and adults are modelled by 
standing off as mentioned previously. 



4.3 Model 
outputs and 
conclusions 

Amending the input parameters for salmon and sea trout 
smolts from alternative local tracking studies may influence 
their route of passage within the Bay 

THA have used the information identified by APEM in this 
report to provide independent validation of the model. This 
added confidence in the model and supports that a worst case 
has been undertaken. 

4.3 Model 
outputs and 
conclusions 

Incorporating different swimming speeds in relation to size 
frequency and environmental conditions in particular 
temperature in to the model may influence the rate and route 
of passage through the Bay 

This was undertaken in the modelling. There was no effect. 

5.1 Model 
appropriateness 
and general 
method 

The STRIKER fish turbine passage modelling approach adopted 
within this assessment is generally an appropriate technique for 
predicting quantitative estimates of fish mortality for 
a tidal power scheme. It is a similar modelling approach based 
on the original Von Raben method to that used for other tidal 
power scheme assessments including the operating Annapolis 
Royal development and the DECC Severn Tidal Power Scheme 
study options. 

Although Von Raben principles are employed, this version is 
considerably more advanced and subtle, making best use of 
recent international studies on effect e.g. of blade thickness 
and collision velocity 

5.1 Model 
appropriateness 
and general 
method 

It should be noted however, that comparison opportunities are 
limited as it has a differing turbine type, the turbine was a test 
unit and is not optimally sized for the physical characteristics of 
the location and has relatively inefficient operation due to its 
manual operation. Due to it being the only monitored operating 
site it does however, warrant some note in the Swansea 
scheme assessment 

The Annapolis turbine was not discussed as it operates 'off-
design, so results are unrepresentative. 



5.1 Model 
appropriateness 
and general 
method 

A stochastic model operates within a Monte Carlo 
platform to enable variation of numerous parameters such 
as discharge, net head, flow, guide vane angle, fish 
orientation, fish behaviour, mutilation ratios, fish length 
and the number of potential passes over a specified range. 
When run over a series of iterations (usually 1,000) a 
range of potential predicted mortality rates can be 
provided to take account of inherent uncertainties and 
give indications of different levels of probability of a 
situation occurring (see Figure 5.1). Rather than just 
obtaining a single mortality probability figure this therefore 
takes account of inherent uncertainty in the modelling 
approach and its input parameters to provide a minimum and 
maximum mortality rate as well as a mean, to give an indication 
of the range of potential outcomes upon the 
populations. 

The implementation of STRIKER v4 does process the expected 
distribution of values e.g. of fish length, operating head, 
discharge etc, and therefore encompasses all the expected 
variations, though not Monte-Carlo style. The issue is that 
some of these effects are not independent and therefore 
there is not an infinite range of permutations. As APEM state 
below, deterministic models tend to overestimate and 
therefore this is in line with our Rochdale envelope approach. 

5.1 Model 
appropriateness 
and general 
method 

In both cases the deterministic model overestimated strike 
probability at the hub zone. Although both of these studies 
were undertaken on freshwater hydropower developments 
they are large scale examples and as such provide a useful 
insight to a tidal turbine assessment  

STRIKERv4 compensates for expected lower mortalities in the 
hub zone by using empirical data on damage risk versus 
contact-velocity/blade thickness. 



5.2 Mechanical 
injury 

The model assumes random orientation of fish as it passes 
through the turbine through the use of an average ‘apparent’ 
length and a factor of 0.67. An alternative method for 
accounting for this factor would be to have this input value as a 
variable function within a stochastic version of the model which 
would result in a range of final outputs 

As stated, the method used is found to give best fit to 
empirical data.  

5.2 Mechanical 
injury 

For a horizontal turbine there is also the potential for swirl and 
as a result random orientation reducing the influence of species 
specific behaviour 

Arrival depth is only accounted for in terms of determining the 
range of possible passage conditions; it is not differentiated 
between species. 

5.2 Mechanical 
injury 

The potential for injuries to be sustained may also be increased 
in a tidal power turbine than a riverine scheme due to the 
potential for biofouling and a resultant abrasive surface as can 
be observed at the La Rance scheme. 

A variable speed turbine will operate at optimum all the time 
so that is not a factor in that case. Variable speed turbines will 
be used in the Project. 

5.3 Pressure 
change 

it is assumed that the exposure pressures were taken from 
Figure 5 within this appendix from Turnpenny, 1988 which are 
again appropriate model parameters in the absence of specific 
Computatational Fluid Dynamic (CFD) profiles for the turbine 
units proposed for this development 

This assumption is correct. 



5.4 Shear stress 
and turbulance 

The experimental trials undertaken by (Turnpenny et al., 1992 
are however mentioned and as such it is assumed that the 
mortality formulae calculated from these trials was used 
(Turnpenny et al., 200). If so, this is a suitable technique for 
predicting mortality from this factor of turbine passage in the 
absence of dedicated CFD modelling 

This assumption is correct. 

5.6 Post Passage 
Effects 

Although not specifically stated it would appear that potential 
mortality rates from post passage effects have not been 
quantitatively assessed within the STRIKER model. It is agreed 
that mortality rates cannot be predicted from this cause but 
should be acknowledged within the overall assessment of effect  

Increased predation is assessed within the ES. 

5.7 Model 
technical input 
data  

There appears to be an inconsistency in the document as to the 
rotation rate (rpm) of the turbines which is reported as 67rpm 
(maximum) on page 5 and 60rpm on page 18.  This may 
however, just be due to a reporting of maximum and average. It 
is generally considered that the probability of a fish being struck 
by a blade increases as rotation rate increases. If the value of a 
67rpm is correct then this could result in an increased strike 
probability than reported.  

All modelling for fixed speed turbine cases was carried out at 
the worst case of 67 rpm although the turbines would actually 
operate at 60 rpm (+/- 2.5) (section 4.3.2.2 Chapter 4). 



5.7 Model 
technical input 
data  

The operating performance of the turbines was considered 
within the model in relation to net head, flow rate and guide 
vane angle under both ebb and flood generation modes and the 
frequency of occurrence of each scenario. Although not built in 
as variable functions within the model this adds a stochastic 
feature to the otherwise deterministic model design 

This is correct. See earlier comments on Monte-Carlo 
approach. 

5.8 Model 
biological input 
data 

The Panteg trap on the Tawe has produced salmon and sea 
trout size data that should be available through Natural 
Resources Wales (NRW). NRW (formerly Environment Agency 
Wales) annually collects individual size data on catches of both 
species declared through the rod catch return system. Such 
data for 2012 were used to produce Figure 4.1 above (2012 was 
used because it was the only set of data immediately to hand 
that covers both species). 

Panteg trap data became available after the Draft ES was 
circulated and hence was not reviewed by APEM. It was used 
in the ES submitted with the application. 

5.10 Sluice 
passage and 
injuries 

There is no empirical information available from which to 
quantitatively inform the prediction of mortality rates from 
sluice passage. Any assessment could therefore only be 
qualitative. 

THA did provide a quantitative assessment of shear-stress 
related mortality during sluice passage for clupeids but 
believe this to grossly over-estimate the effect (some form of 
CFD modelling and experimental study would be needed to 
refine this). 



6 FISH, 
INCLUDING 
RECREATIONAL 
AND 
COMMERCIAL 
FISHERIES 
(CHAPTER 9.0) 

It is understood that the assessment in general has adopted a 
Rochdale Envelope approach whereby it is acknowledged that 
the design of the scheme and the assessment of environmental 
impacts is an iterative process and the exact design is still 
evolving. In this situation the EIA usually therefore adopts a 
cautions worse case approach to the 
assessment. This is often complex with differing scenarios 
having different implications for the different groups of 
receptors under consideration. 

The establishment of worst case scenario is an iterative 
process which involves the assessment of impacts based on 
design criteria which are considered the most severe on 
receptors.  The EIA team strove to ensure that the worst case 
scenario was presented, based on both modelling and expert 
opinion. Further information on how the worst case 
assessment has been adopted is given in the Chapter and 
supporting Appendix 9.5 (which has been further updated as 
Appendix 7.6.1 of ExA Q7.6) 

6.2 Section 9.4.8 
Assessment of 
the significance of 
fish mortality 
through tidal 
turbines 

Leslie matrix projection models were used based on the 
approach used for turbine strike mortality in a freshwater HEP 
context (Ferguson et al.,2008; Lundqvist et al., 2008), but 
incorporating density-dependent freshwater mortality and 
parameterised realistically for the Severn estuary salmon 
stocks. Such an approach should be possible for salmon in 
relation to this scheme. Sea trout may be more problematic 
because of the complexity of their life cycle and the difficulty of 
parameterisation (Ferguson et al., 2008). 

Use of population dynamic models is appropriate when 
proportionally large impacts relative to population size are 
anticipated but the inherent lack of precision in such models 
owing to error on measuring population parameters and the 
very large inter annual fluctuation in stock size mean that 
predicted mortality of a few percent or less would not register 
as significant in these methods. 



6.2 Section 9.4.8 
Assessment of 
the significance of 
fish mortality 
through tidal 
turbines 

Future lifetime egg deposition (LTEGGS) estimates were 
available for the River Tywi (based on survival, sex ratio and 
maturation derived through the CSTP) using the equation: 
LTEGGS = (-70.523.X2) + ( 1867.5.X) -1879, where X = mean 
wt(lbs). 

See comment above regarding the validity of population 
dynamics approach. 

6.3 Section 9.5.3 
Operational 
phase effects 

There is discussion regarding potential increased predation 
upon smolts from bass which is ruled out on the basis of limited 
seasonal overlap with bass. There is however, no discussion of 
potential predation from other species upon all life stages 
including marine mammals known to use the area such as 
harbour porpoise and grey seals 

Consideration has been given to other forms of predation in 
the final ES.  

6.3 Section 9.5.3 
Operational 
phase effects 

There is no mention of the Severn Estuary European designated 
sites (SAC and Ramsar) within the list of designated sites. This has been dealt with separately in the HRA. 

6.3 Section 9.5.3 
Operational 
phase effects 

The results in table 9.18 represent those impacts from passage 
through the turbines that can be quantified and forms the basis 
of the impact assessment judgements. It is recommended that 
this section also contain some discussion of the fact that these 
are effectively minimum estimates of mortality as they do not 
take account of other impacts for which it is not possible to 
determine a quantitative assessment of impact such as sluice 
passage, predation etc. 

Sluice passage mortality for clupeids is estimated and 
assessed in final version of the ES. Other passage effects, 
including heightened predation risk are acknowledged but 
cannot be quantified. An assessment of predation is proposed 
within the monitoring programme.  



6.3 Section 9.5.3 
Operational 
phase effects 

In the tables summarising the potential environmental effects 
on salmon and sea trout some information is not yet complete 
within the version reviewed. In particular information is missing 
for significance, confidence, mitigation and residual significance 
and confidence level for a number of operational phase impacts 
such as; Increased predation and entrainment and injury from 
turbines 

This was completed in the final version of the ES 

7 MITIGATION 
(OFFSETTING) 

Waterborne noise – measures to reduce the impact of 
underwater noise and vibration during construction is discussed 
in particular low-noise piling techniques 
where feasible and ‘soft-start’ procedures. These are both valid 
techniques for reducing impacts upon fish. In addition however, 
other options could also be considered such as using sound 
absorption/reflection techniques such as bubble screens. The 
most appropriate techniques would however, have to be 
researched further for the specific techniques to be used for 
this scheme 

This additional suggested mitigation method is not considered 
necessary even for impact piling in this case.  Note the 6 
months, 24/7 pilling associated with the temporary cofferdam 
has been removed from the application and the structure will 
be built by employing methods similar to the main lagoon wall 
(see section 4.5.3.35). 



7 MITIGATION 
(OFFSETTING) 

Approach velocities will have to be kept low to allow fish that 
respond to the deterrent to alter their behaviour and direction 
of travel and move away from the deterrent and as a result the 
turbines. More information would therefore have to be 
provided on the intended design and operation of the scheme 
and the approach velocities that would be experienced before 
expected efficiencies can realistically be applied to the 
assessment. It is considered likely however, that due to the 
likely unprecedented scale that would be required in this case 
and the additional complications resulting from the 
environmental conditions that efficiencies could be lower than 
observed elsewhere. Results from any similar case studies with 
data on salmonids would be beneficial for assessing whether 
the deflection efficiencies stated could realistically be achieved 
in this case. 

This is acknowledged in the ES paragraph 9.5.6.17 “An 
important factor to consider when planning the installation of 
AFDs are the velocities in proximity to the turbine intakes, and 
the range at which avoidance behaviour is expected. For 
maximum effectiveness the avoidance range should extend 
beyond the range at which current velocities exceed the 
swimming capacity of the target species. If velocities are 
above these, fish may become entrained regardless of the 
operation of AFDs. This is particularly important in a tidal 
context, where currents are naturally strong, and fish may not 
necessarily perceive an abstraction until they are very close to 
it.” Installation of AFD systems would be preceded by acoustic 
modelling of installation and the final set up will be discussed 
and agreed with NRW.  

7.2 Potential 
opportunities 

If impacts are deemed to be below moderate and have no 
significant impact upon the populations then there is no legal 
requirement to undertake mitigation for the scheme. If 
measures are required then options might include activities on 
“impacted” rivers or offsets elsewhere 

A suite of monitoring techniques is currently being designed 
and developed with NRW. 



7.2 Potential 
opportunities 

In principle, mitigation should be designed to compensate for 
the anticipated unavoidable significant losses from the Lagoon 
Scheme. These have not yet been estimated satisfactorily; 
but should be based on population models as far as data and 
other constraints allow and should be assessed to optimise the 
spatial distribution of mitigation, within and between 
catchments 

See comment above re the validity of population dynamics 
approach. 

7.2 Potential 
opportunities 

Timing of construction works – avoiding key migration or 
residence periods may prevent or reduce any impacts resulting 
from construction works 

This option has y been incorporated where feasible into the 
design mitigation. Namely, as mentioned in paragraph 9.5.6.4 
“To minimise the potential effect on Lithophilic spawning (e.g. 
herring) construction of western landfall and offshore 
cofferdam dredging in year 1 will not commence until end of 
March/beginning of April. In this way the herring will be able 
to spawn in February/March and juveniles move offshore 
before works start on site. Appropriate spawning media will 
then be placed at the foot of the western Lagoon wall by the 
end of August in year 1 so that it will be available for herring 
to use for September spawning run.” 



7.2 Potential 
opportunities 

Timing of operational generation – it may be possible for some 
schemes to alter the timing of generation to reduce impacts 
during key sensitive periods. This is unlikely to be realistic for a 
tidal power scheme however, as there are so many different 
species and life stages to consider and generation is obviously 
dictated by the tidal cycle. It is unlikely to be economically 
acceptable to alter generation in any significant way as to have 
a true reduction upon impacts 

Where practical methodologies and timings have been 
designed to accommodate sensitive periods of migration and 
spawning.  

7.2 Potential 
opportunities 

Efficiency of operation – As efficiency of the turbines reduces 
injuries and mortality of fish passing through them tends to also 
increase. It is therefore recommended that where possible 
periods of lower efficiency are reduced or avoided to decrease 
impacts upon fish passing through the turbines 

Mitigation adopted includes the installation of variable speed 
turbines which following the tender process are the preferred 
turbine for the Project 

7.2 Potential 
opportunities 

Passage easement – in some cases there are advantages to 
easing passage in and out of the lagoon through measures such 
as increased permeability and dedicated fish passage 
structures. The preference for this scheme however, would 
most likely to be to keep migratory salmonids out and as such 
this may not be a beneficial measure in this circumstance. 

It is noted that these can be beneficial for barrages to aid fish 
passage to their natal rivers.  However, concluded in APEM’s 
last sentence, as this is not a barrage this is not be a beneficial 
measure in this circumstance. 



7.2 Potential 
opportunities 

Fish exclusion and diversion structures – The use of AFD’s have 
been proposed for the scheme and are discussed in section 7.1 
above. Alternative fish exclusion measures for migratory 
salmonids would be the operation of physical screen structures. 
Further information would be required however, to assess 
whether this would be a feasible option in relation to the 
approach velocities likely to be experienced in front of the 
turbines 

These are not considered suitable for a tidal range power 
scheme. 

7.2 Potential 
opportunities 

 Predator control – If predation is considered to be a significant 
impact upon migratory salmonid populations as a result of the 
scheme then there may be some benefit in assessing options 
for predator control where possible. Acceptable long term 
options for this are however likely to be limited. 

Options on predator monitoring and control are being 
developed and will be discussed with regulators.  
 
 

7.2 Potential 
opportunities 

It is therefore likely that measures will need to be 
undertaken to reach the intended classification of good 
ecological potential by 2027 which may include measures to 
improve fish stocks. Given the presence of Tawe Barrage it is 
likely that this would include an element of improved fish 
passage past this structure. 

The Duty to make and maintain fish passes at the Tawe 
Barrage is covered under Section 9 of the Salmon and 
Freshwater Fisheries Act 1975 and is the responsibility of the 
barrage owner. The requirement to maintain this facility in an 
efficient state is a Duty and not a Power so theoretically there 
are mechanisms already in place where by improvements to 
this barrier to migration can be addressed. Notwithstanding 
this options to improve the Tawe Barrage have been 
provisionally reviewed along with other alternatives of 
enhancement works Capitals Falls. Feedback is being sought 
from key stakeholders. 



7.2 Potential 
opportunities 

Stocking of badly reared fish or of any fish into waters having 
poor environmental quality from whatever cause is a waste of 
money. There are very many advisory texts and a recent (2013) 
AST workshop on this topic. 

Neither cost effective or ecological advantageous. Not 
recommended as mitigation instead of AFD in this situation. 

7.2 Potential 
opportunities 

Physical access to angling locations may be limited in some 
sections and this will require negotiation with the riparian 
interests, local angling owners, clubs, NRW and river trusts. 
Caution is needed to avoid over-exploitation (manageable by 
catch controls) and to minimise conflicts of interests amongst 
fishery types (e.g. trout vs salmon) and other water users. 

Opportunities for angling are being built into the lagoon as 
part of the design mitigation. 

8.1 Monitoring of 
impacts and a 
basis for 
compensation 
claims 

Article 5(3) of the European EIA Directive contains no explicit 
monitoring requirements, but these are implicit in the 
identification of “measures to prevent, reduce and where 
possible offset any significant adverse effects”. Predicted 
impacts should be monitored as well as delivery of 
commitments in the Environmental Statement. 

A range of pre and post monitoring programmes have been 
proposed within the ES. An Adaptive Environmental 
Management Plan is provided in Appendix 23.1. This is being 
developed and updated with RNW to provide a robust and 
suitable monitoring programme. 
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