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ORDML145 Consultation on tidal lagoon Swansea bay fish ADZ systematic 

sensitivity and scenario testing v8.1 

Response by NRW TE (Technical Fisheries) 

Response by Ida Tavner, Lily Pauls and Peter Gough 

28.2.19 

Overview: 

NRW TE welcomes the further analysis and sensitivity testing TLSB have carried out to progress the 

determination of the application for a marine licence for the proposed tidal lagoon in Swansea Bay.  

Overall, the sensitivity model demonstrates adequately that the model can be considered robust and 

fit for purpose, however we are not in agreement with some of the statements and conclusions 

made by the applicant, specifically: 

 We disagree that the modelling shows that impacts to fish can be considered insignificant. 

 We do not agree, that the model is over-precautionary, or that the parameters used are 

artificially altered or skewed to present hypothetical scenarios, in some cases. In view of 

the work presented in this report we advise that some parameters should be amended to 

reflect what we consider best available evidence. 

 We maintain that these are modelled impacts and cannot be considered as statements of 

fact. 

 We advise that the predicted impact levels are such that further assessment under the EU 

Habitats Directive and the Water Framework Directive are required, including possible 

future application for derogations under these directives. 

 While NRW TE welcomes the report, we re-iterate that the ADZ MCA modelling only 

presents predicted annual mortalities related to turbine operation. These will need to be 

considered in addition to other construction and operational impacts. 

 

Response to questions from NPS: 

In the covering letter to consultees dated 31st January 2019, NPS set out a number of questions 

relating to the above consultation. The responses from NRW TE are set out below. 

Questions from NPS: 
 

1. Has the sensitivity analysis and scenario testing been carried out correctly and in line 
with the instructions from NRW PS set out in our letters dated 28th March 2018, 12 
September 2018, and the associated parameters and validation spreadsheet? If not, 
please explain why.  

 

NRW TE have not been able to undertake a thorough review of the model sensitivity analysis 
and scenario testing and recommend that NRW NPS ensures that expert advice is obtained 
from Cefas in respect to this request.  

 

However, we would offer the following observations on the analysis. 
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In the letter to TLSB from NRW NPS dated 12th September 2018, Annex 1 lists shortfalls 
identified by NPS which should be addressed in the next submission of the sensitivity testing 
report. One of the requests was that full justification and explanation for parameter changes 
and tests should be provided, as well as reasoning why some tests were not undertaken for all 
species.  

 

NRW TE note that for some tests it is still not clear how the request from NPS has been 

complied with, or how the test has been carried out. The terms used for some test are also 

unclear, – what is meant by ‘Volumetric Limit for non-encounter’? Does it refer to the 0.2ms cut 

off for using the volumetric model rather than the ADZ? In addition, there is little discussion or 

interpretation of the results. The results have simply been displayed in different graphics and 

tables. 

This lack of clarity is especially evident in some of the scenario tests. Why for instance have 
predation rates only been applied to herring and shad? In the Zero avoidance test, table 18 -  
results have been presented as difference from the Median, rather than from the threshold 
values for determination. It therefore defies the purpose of the test which was to ascertain the 
risk that if avoidance values were wrong would the scale of impact change, i.e. from a minor to a 
moderate impact category.  

 

As in previous submissions, many of the tables are cluttered with superfluous information on 
mean and median values, or have missing information, while some of the graphs are of poor 
quality which makes them difficult to interpret. In the charts in Appendix D, there are no units to 
aid interpretation of the differences illustrated and when cross checked the values do not 
match. For example, for MSW salmon the chart in Appendix D (p.144) appear to indicate a 600% 
difference in impact level from the 99th %tile, while in Table 10, p.47 the difference appears to 
be 27%.   This makes it difficult in some instances to have confidence in and comment on the 
tests and results.  

 

There also appear to be errors in some of the excel spreadsheets, and consequently in some of 
the tables and charts. In the Focussed sensitivity test (Section 5.3 of the report) the results 
presented in Tables 8 to 10, and Charts 30-32, are generated in the Excel workbook ‘All 
Lifestages Compilation’. However, in these sheets, two of the headings of the columns have 
been switched for ‘Population Range Ebb’ so that increases in population range leads to an 
increase in impact. In the Charts in Appendix D, the values appear the other, presumably 
correct, way around, with an increased population range leading to a decreased impact. 
However, the values presented in the table and in the charts do not match. 

 

As noted above it has not been possible to carry out a full review of the model and spreadsheets 
and, while some of these errors may be down to formatting and ultimately may not represent 
significant issues, it undermines confidence in the results and raises concerns on the lack of 
quality control of the model and report by TLSB.  

 

 

2. Do you agree with the observations and conclusions of the sensitivity testing in the 
report, (Section 1.4, Section 5.2, Section 5.6, Section 7)? If not, please explain why.  

 

Section 1.4 Conclusions 
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NRW TE does not agree fully. This section presents overall conclusions pertaining to both the 
model, the sensitivity test and to the potential significance of the impacts.  

 

NRW TE agrees that the sensitivity testing presented in this report appears to indicate that the 
model is robust and fit for purpose, subject to expert review of the modelling by Cefas, as 
advised above. We are however, unable to agree with all the statements made in this section. 
Below we have provided comments on individual sections.  

 

Section 1.4.2 –NRW-NPS have previously instructed TLSB that the impacts on diadromous fish 
will be assessed at the 99th percentile level. The predicted impacts presented by TLSB in this 
submission in Table 1 range from 1.67% for eel to 22.07% for river lamprey. This cannot be 
termed ‘insignificant’. Furthermore, NRW TE notes that the proposed tidal lagoon would be a 
‘first of a kind’ project applying new types of turbines. No hard evidence exists from comparable 
marine energy projects to support the claim that impacts would be expected to be insignificant. 
Furthermore, it is important to note that impact predictions are for annual losses to the 
population. Therefore, cumulative impacts over the 120-year life span of the proposed project 
have not been considered. 

 

NRW TE remains of the view that, although significant progress has been made with the model, 
there remain several important factors which are not included in the model. These include 
selective tidal transport, predation, and attraction or aversion to hydrological flow changes. 
Other issues remain outstanding, such as life cycle modelling for salmon. NRW TE strongly 
recommends that these are addressed as part of a subsequent submission from TLSB to enable 
us to respond fully on the application.  

 

Section 1.4.4 / Chart 3. It is not clear which figures in the ES are being compared to the revised 

modelling impact results. Chart 3 refers to Table 9.3 in the ES, but this table only refers to the 

criteria used to classify magnitude of impacts and has no impact figures from any IBM. It is NRW 

TE’s view that it is misleading to compare the median from the revised modelling with the ES 

predictions in this manner. This is because they are two very different modelled approaches: a 

deterministic output from a single model run; and the median value of 100.000 model runs. As such, 

the two approaches are not comparable. It is important to note that both impact predictions are 

for annual losses to the population, and therefore cumulative impacts over the 120-year life 

span of the projects have not been considered. 

Section 1.4.5 - The approach and evidence for setting population range for river lamprey was 

agreed with TLSB during consultation. The absence of lamprey in the surveys undertaken by 

TLSB is not at all surprising, since the survey methodology used was not appropriate for 

detecting this species. We therefore do not agree that the results of the river lamprey model 

can be considered unmeaningful or should be ignored.  The sensitivity results presented in 

Appendix D also appear to show that for resident river lamprey (which are assumed to be the 

parasitic stage) the model shows low variation to swim speed, whilst the parameters to which 

the model is most sensitive are STRIKER and Duration of Presence. Migrating adult river lamprey 

returning to the rivers would not be expected to be parasitic, and therefore swim speed is a key 

variable. The comments made by TLSB therefore do not appear to be supported by the 

sensitivity analysis, as swim speed for parasitic life stages (resident life stages) is less of a crucial 

parameter than for non-parasitic migrants.  
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Section 1.4.6 – It is unclear on what evidence it can be claimed that if depth was included in the 

model, impact to salmon and sea could be expected to decrease further. It is noted that the 

flow velocities used to set the draw zones in the model are depth-averaged, and hence fish 

approaching the turbines will encounter both higher and lower flows depending on their 

respective swimming depth. It does not appear possible to predict which way variations in depth 

may influence the modelling results. Furthermore, the model does not include natural tidal 

flows in the bay, and hence does not take account of fish using selective tidal transport, other 

than for the behaviour of eels descending in the water column during ebb. This limitation in the 

ADZ model is recognised by all consultees and TLSB. 

Section 1.4.7 – It should be noted when considering Habitats Regulations Assessment (HRA) of a 

tidal lagoon project, there is no specific guidance or case law which absolutely delineates 

between significant/adverse effects and lack thereof.  This judgement will depend on the 

specific conservation objectives of the species and habitats in question alongside the specific 

interaction of those features with the proposed project.  The argument that the impact is 

‘undetectable’ is irrelevant in this context, as undetectable does not necessarily equate to an 

absence of significant or adverse effects.  

When assessing the impacts of the proposed lagoon, loss should be contextualised against 

conservation objectives (in the context of the HRA, where applicable) and fisheries management 

objectives where these exist. The salmon population in the river Tawe is assessed annually 

against a conservation limit and management objective, and the population is currently 

assessed as ’At Risk’, meaning that insufficient numbers of fish are returning to the river to 

sustain the stock and that there is a risk of ongoing decline.  

NRW have proposed changes to fishing byelaws for salmon in Wales that would make it 

mandatory for both rod and net fishermen to return all salmon alive. These proposed changes 

are based on a thorough review of available evidence that concluded that all salmon stocks are 

currently unsustainable and that protection of spawning resources is critical.  TLSB have sought 

to contextualise their prediction of mortality of “1/3rd of a fish “(salmon) due to the lagoon with 

that resulting from the rod fishery. This is inappropriate and misleading as rod catches vary 

widely, and stocks are already at risk.   

 Section 1.4.8 – We do not agree that the results in Table 1 represent the ‘best’ scientific 

evidence. The estimates obtained using the parameter values as requested by NPS and 

presented in Table 2, incorporate what we considered to be best available evidence however 

some of these may be subject to further changes, as proposed in this response. 

Section 1.4.9 – TLSB may conclude that there is now a consensus, however NRW TE does not 

agree that the model currently represents consensus. NRW TE consider this report as a step 

towards a model which can be considered robust and fit for purpose when parameterised 

correctly. NRW TE would welcome an open peer review of the model approach as part of the 

publication of the model which TLSB propose.  

The term ‘IROPI standards’ is used in the context of ‘significant effects’, which appears to 

confuse the Article 6(3) and Article 6(4) tests under the Directive.  See above for further 

comments relating to impacts which can be considered significant in the context of EU 

legislation. 
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Section 5.2 Discussion/Observation 

NRW agree with most of the comments in this section, except for the specific ones below.  

This section discusses the full sensitivity tests undertaken for salmon, eel, herring and sandeel. 

The results are presented in a number of charts and NRW TE agrees that, overall, these show 

corresponding changes in impact levels to proportional changes in parameter values. We have 

however, some comments on the statements made in the following sections. 

Section 5.2.2 – NRW TE agrees that, for smolts, juvenile herring and elvers, the sensitivity tests 

shows little variation, but this not the case for sandeel, which are also ‘small fish’. 

Section 5.2.4 – NRW TE agrees generally that the parameters which result in most variation for 

most species are: swim speed; STRIKER injury; and population range. However, it is not the case 

for all species and life stages, e.g. the silver eel model does not appear to be sensitive to any of 

these parameters.   

NRW TE would have liked some further discussion of the results, and what they imply about the 

model. As is evident in section 5.3, and in the charts presented in Appendix D, there is a wide 

range of ‘responses’ in each species/life stage model to variation in the parameters, some of 

which appear anomalous or counter-intuitive. For example, in the chart for salmon smolts in 

Appendix D, change in almost any parameter leads to a decrease in impact, whether the 

parameter is increased or decreased. Other than drawing some overall conclusions, these 

apparent anomalies are not discussed or commented upon as part of the report.  

Section 5.6 Comments 

NRW agree with most of the comments in this section, except for the specific ones below.  

NRW TE are unable to agree with the comments made in sections 5.6.5 and 5.6.6 regarding 

swim speeds. The range of values for swim speed used in the model are based on best available 

evidence for the range of volitional swimming speeds that fish may utilise. There is substantive 

evidence that adult salmon utilise tidal flows when entering estuaries and rivers, (presented by 

NRW TE as part of previous consultation responses) and this is likely to be the case for a range 

of other fish species found in Swansea Bay too. It is therefore likely that fish may indeed be 

more or less ‘passively’ drifting during some states of the tide. As mentioned above the fact that 

selective tidal transport cannot be included in the model is a recognised limitation in the 

modelling approach and should be considered when interpreting the results. 

Furthermore, for fish to utilise their higher swim-speed capacity in order to escape from danger, 

they would first have to perceive in some way that they are in ‘danger’. NRW, Cefas and TLSB 

have had protracted discussion around avoidance and the capacity of fish for sensory response 

when encountering the turbine array and have agreed on a methodology for applying avoidance 

to reflect this behaviour. Thus, it is already accounted for in the model. 

Section 7 Concluding comments 

See below for comments on inclusion of predation for shad and herring, and other specific 
scenario tests. 

NRW agree with most of the comments in this concluding section, except for the specific ones 
below.  
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Section 7.1.8 – as stated above, NTW TE do not agree that the impact of the proposed project 
can be termed insignificant, or that it is appropriate to compare the results of the Monte Carlo 
Analysis of the Alternative Draw Zone model with the results of the model used for the DCO 
application. 

Section 7.1.9 – As commented above, NRW TE needs to know whether a peer review has been 

undertaken of the model and results and by whom, in order to have greater confidence in the 

approach. Peer review should be independent, and not undertaken by any party contracted to 

TLSB. The document version and history table on page 2 of the report does not provide detail of 

any review of version 8.1.  

Bullet point two – NRW TE does not agree that all of the hypothetical scenario testing 

necessarily represents unrealistic parameter values and disagree that the level does not change 

significantly in response to some of the tests.   

 

3. In your opinion, should Selective Tidal Stream Transport be included in the eel model 
(see section 6.6 of the report)? Please explain why. 

 

NRW TE’s opinion is that the sensitivity test demonstrates that incorporation of Selective Tidal 
Stream Transport makes little difference to the final impact levels and does therefore not 
need to be included. Below we offer a number of observation on this test. 

  

Section 6.6.3 – TLSB have presented no new evidence to support the hypothesis that elvers 

would not exhibit selective tidal stream transport (STST) when entrapped in the lagoon. It is 

therefore a reasonable assumption that an unknown proportion of elver will remain in the 

lagoon until tidally-influenced behaviour ceases. Thereafter they will either leave or continue to 

reside within the lagoon where there may, or may not, be restricted opportunities for feeding, 

and additional predation pressure.  

TLSB have applied STST in two ways, firstly as a predation rate and secondly as 100% STRIKER 
mortality when entering the lagoon. There are a number of unknown factors which complicate 
modelling the fate of entrapped elvers. Assuming a 100% mortality, as done in the scenario 
testing, represent an unlikely scenario in our view, as would be an assumption that all elvers 
would exit the lagoon. The most plausible impact figure should therefore be assumed to be 
between the baseline scenario and the 100% loss but, given the spread of impact figures, would 
be unlikely to be above the 2% threshold.   

 

4. In your opinion, should retention time limits be parameterised in the models for any of 
the migratory fish species (salmon, eel, shad, sea trout, sea lamprey, river lamprey) (see 
section 6.7 of the report)? Please explain why.  

 

NRW TE is of the opinion that retention time should be applied in preference to the use of cut-
off dates for some species. Below we offer comments to support our view for each species. 

 

The logic for applying retention time is that, in order to complete their life cycle, diadromous 
fish must arrive at their spawning grounds concurrently with their cohort in order to breed, in 
the case of adults or, in the case of juvenile life stages, to arrive at their feeding grounds within 
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a discrete temporal window. In both cases these are important pre-requisites for stock 
performance and survival.  

 

In addition, fish entrapped within the lagoon may miss migration cues or opportunities, for 
example elevated river discharge. NRW TE and Cefas have supplied evidence for this in previous 
consultation responses. The length of delay which may adversely affect breeding success and 
survival are unknown.  

 

Given that our concern is to model adverse impact of prolonged entrapment in the lagoon on 
subsequent spawning success, NRW TE and Cefas have previously argued that using retention 
time represents a better way to model deleterious consequences of delay than using cut off 
dates. This is especially the case where there is poor evidence to support the use of any specific 
cut-off date.  

 

Section 6.7.5 – there are no known similar situations reported in the literature where the effects 
of entrapment can be studied.  

 

Shad 

It is not clear whether in the shad scenario test retention has been applied to all life stages or 
just the migrating adults. Nevertheless, this is the first time that the potential consequences of 
delay have been modelled. It demonstrates that, if it is assumed that all fish entrapped in the 
lagoon are dead after 10 days (delayed by 20 tides), overall loss to egg deposition increases to 
5.9%. But for losses to egg deposition to rise above 10%, thereby moving to a ‘high impact’ 
category, it would need to be assumed that all fish in the lagoon would die within approximately 
4 days. Thus, a DELAY (not additional predation) of approximately 4 days would prevent the fish 
from completing its migration and spawning successfully.  

 

Shad migration into the rivers is closely associated with rises in freshwater temperatures during 
late spring.  Males are thought to arrive at the spawning beds first, with females one to two 
weeks later, and the fish spawn synchronously in large shoals in shallow water. (Maitland, PS & 
Hatton-Ellis TW, 2003). Therefore, a delay may result in fish failing to arrive simultaneously with 
their cohort in time to participate in spawning. NRW TE advise that in the final model a 
retention time of 14 tides (one week) should be applied for spawning life stages in future model 
runs.   

 

Silver eels 

For silver eels, no cut-off dates have been used in the baseline scenario. Applying it appears to 
make very little difference to the modelled outcome.   

 

NRW TE have previously commented that evidence suggests that silver eel can be more flexible 
in their spawning biology, and hence there is little evidence to support inclusion of either cut-off 
dates or application of a retention time for the life stage in future model runs.  

 

Lamprey spp 

For river and sea lamprey, there is little difference through incorporation of retention time over 
cut-off dates. NRW TE advise that one or the other is used in future model runs to reflect the 
potential adverse impacts of delay.  
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Salmon 

For salmon, retention has been tested for adult life stages only. It is assumed that the results 
incorporate a cut-off date for smolts.  

 

Two scenarios have been tested: applying retention either to the September/October period 
alone; or applying it all year round. In either case, other than describing briefly on page 74 
(Section 6.7.9) how retention time has been applied (but not clarifying for which species, but we 
assume for both salmon and sea trout), no further explanation has been provided. However, it 
appears that retention time has either been applied to fish all year around, or only to fish 
migrating late in the season (i.e. September/October).  

 

TLSB have offered no evidence as to why fish running earlier in the year would be less likely to 
suffer deleterious effects of delay than fish later in the year. Therefore, NRW TE advise that 
retention time should be applied all year around, as in scenario 2, in future model runs.  

 

Sea trout 

As for salmon, a series of alternative scenarios of applying retention time has been presented 
for sea trout. However, as for salmon there is no reason to believe that actively migrating sea 
trout late in the year would be more vulnerable to the adverse effects of delay than fish present 
earlier in the year. NRW TE therefore advise that for migrating adult sea trout, retention time 
should be incorporated in the model and applied all year around, as has been done in Scenario 
1.  

 

5. In your opinion, should predation be included in the models for herring or shad (see 
section 6.8)? If yes, what predation rate should be used? Please explain why.  

 

NRW TE’s opinion is that predation should not be included in the model due to insufficient 
evidence, but that predation should be considered qualitatively as part of the overall 
assessment.  

It is unclear why predation has only been applied to herring and shad, especially given the 
literature review presented in Table 31, which cites various predation rates many for losses of 
smolts, albeit in different environments to the lagoon. It should be noted that once salmonid 
smolts enters the sea density dependent mortality ceases to be a factor, meaning that any 
decreases in smolt numbers relates directly to the proportional loss in the spawning population. 
NRW TE maintains the position that the project would present additional predation pressure on 
fish in the vicinity of and entrapped in the lagoon. However, NRW TE recognises that there is 
insufficient evidence to set realistic predation rates.  

 

6. Population range (see section 6.3, 6.4 and 6.5, 6.7.47). 

a) In your opinion should population range for sea trout be modelled at the Celtic Sea scale 
or over a reduced area?  

 

NRW TE’s view is that the results for sea trout indicate that the model is sensitive to changes 

in population range, and it is thus an important parameter in the model to get right. NRW TE 

accepts the argument that resident sea trout may range out into the Celtic Sea but advise that 

the majority of the population will remain local and that the distribution between the ranges 

should be amended to reflect this. 
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p. 68-70, section 6.4, Sea Trout Population Range. NRW TE do not dispute that sea trout can 
range widely, as reported in the Celtic Sea Trout project, however the project also concluded, 
based on genetic analysis of adults caught at sea, that most sea trout occurred in the proximity 
of their natal river. This was further supported by the modelling undertaken to simulate fish 
movements from several rivers. For the Tywi, it was concluded that the simulated fish were 
mainly retained within the Bristol Channel until the summer whereupon small numbers then 
moved out into the Irish Sea, dispersing as they moved northwards (CSTP Technical Report, 
2016). On this basis it is reasonable to assume that the majority of the sea trout population 
remain in the coastal environment and local to their natal river. Fish cannot therefore be 
assumed to be evenly distributed throughout the full population range, as suggested by the 
adoption of a uniform distribution.  
 
NRW TE are therefore of the opinion that, while the range for setting population range is correct 
based on available evidence, the distribution should be altered to reflect the majority of fish 
having a smaller population range. 
 

b) In your opinion should population range for sandeel be modelled at the Bristol Channel 
or Swansea Bay scale?  

 

General comments on population scenario testing for sandeel, herring and eel. 

NRW TE have previously requested that a number of scenario tests should be undertaken to 
develop our understanding of how turbine mortality from the proposed project may impact 
species on a local scale, and how their function as key-stone species may be affected.  

 

For European eel the local assessment was requested to contextualise the loss on a local scale, 
rather than at the much larger river basin management scale.     

 

NRW TE advise that sandeel should be modelled at the Bristol Channel scale.   

NRW TE have consistently raised concerns that the major impact to sandeel is likely to come 

from loss in habitat as a result of changes in substrate from the physical presence of the lagoon. 

While we do not consider it realistic to model sandeel as confined to Swansea Bay, the degree of 

population mixing between the population in Swansea and populations further west is 

unknown. Sandeel display strong site fidelity (van Deurs Christensen and Rindorf, 2013) which 

makes them different to other fish and it is likely that the re-colonisation of sandeel into 

Swansea Bay is limited. The potential for a local decrease in sandeel abundance as a prey 

species should be considered further in the final submission. 

 

c) In your opinion should population range for herring be modelled at the Bristol Channel, 
Swansea Bay or 30m water depth scale?  

 

NRW TE advise that the 30m depth contour should be used.  

While the proposed scenario test using the 30m depth contour results in a very similar outcome 
to that using the Bristol Channel as a population range, the scenario in which population range 
is limited to Swansea Bay presents very high impact levels of nearly 60%. However, NRW TE 
recognises that this would only occur if the population was confined to Swansea Bay and, while 
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gravid females have been observed in the bay, NRW TE agrees that spawning may only occur 
sporadically. It is therefore unrealistic that fish would be confined to the area as modelled.  

 

 

d) In your opinion should population range for eel be modelled at the Western Wales River 
Basin District Eel Management Plan scale or River Tawe population scale?  

 

NRW TE are unable to agree or disagree with the comments made in this section due to 
insufficient information.  

The purpose of the request to model losses of eels and relate them to the population at 
Swansea Bay level was to help interpret the possible implications of losses at a local level, rather 
than the much larger West Wales River Basin District. However, it is unclear whether this has 
been done correctly.  

 

7. NRW PS’s current position on the model parameters is set out in column D of the ‘Model 
parameters and validation for sensitivity analysis 31 January 2019’ spreadsheet. In light 
of the results of the sensitivity and scenario testing could you please advise:  

a) Do you agree with the parameter values that NRW PS propose to use in the modelling?  
 
NRW TE generally agree with the parameter values proposed by NPS, except where we have 
indicated as part of this response that the values should be amended, based on the results of 
the sensitivity and scenario tests. 
 

b) If you feel that any of the parameter values should be changed, please explain which 
parameters and why for each relevant species and advise what you think the parameter 
should be changes to.  

 
Yes, for some species the parameters should be amended as suggested below: 
 
Sandeel parameter values – the requests from NPS (December 17 and August 18) were that 

fecundity ranges for fish with age range of 2-10 years should be included. In the spreadsheet model 

‘Sandeel Final 10k Baseline’ tab ‘Survival Calculations’ it appears that the fecundity for age range of 

fish aged 1-8 years has been used. This has presumably been done as the reference life tables used 

only provide fecundity (and mortality rates) for life stages up to 8 years old. However as older fish 

have higher fecundity this will underestimate the impact. NRW TE advise that the full age range 

should be modelled, and the fecundity figures for 8-year olds should be carried forward to 

modelling the 9 and 10-year-old year classes. 

Shad parameter values – in examining the parameter sheet and the excel file model, it is unclear 

whether the request to test a smaller population area has been complied with. In the Excel file, the 

population range for all life stages appears to be set as ‘Part of Celtic Sea’ (2,875,000ha) as ‘Realistic 

worst case’ to Bristol channel (279,000ha) as ‘Realistic best case. However, in the parameter sheet 

the population range stated for juveniles is ‘Bristol channel only’, which would comply with the 

request to use a smaller area. Assuming the Excel model is correct, this would lead to an 

underestimation of the impacts to juvenile life stages.  

NRW TE advises that the model should be amended so that the population range for juveniles is 

‘Bristol Channel only’, reflecting the proximity of their natal rivers. 
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The table (p.108) describes two types of duration of presence being modelled:  resident all year; and 

as currently modelled. It is unclear what the difference is in the two approaches, as in the parameter 

sheets all life stages are modelled as present all year round, and this also appear to be the case in 

the Excel sheet model. NRW TE requests that TLSB clarify what has been modelled.  

Eel parameter values - the values given for resident and migrant fish lengths are different from the 

NPS request and from what appear in the Excel file model and parameter sheets. NRW TE is of the 

view that the revised length appears reasonable to use, as many resident life stages will be 

expected to be smaller than the silver eel stages. 

Eel parameter sheet. In the section on applying Selective Tidal Stream Transport, it states that elvers 

would be able to migrate out of the lagoon as passive drifters. However, this is contrary to the 

available evidence which shows that elvers do not behave like passive drifters. Once they change 

from glass eels to elvers, they actively migrate using Selective Tidal Stream Transport.  

 
8. Do you have any other comments/observations?  

 

NRW TE have a number of comments and observations from NRW TE on the Fish ADZ 

Systematic Sensitivity and Scenario Testing Results V8.1 report, dated January 2019. 

P. 4, section1.1.3 – We disagree profoundly with the points made in this section. There are a 

growing number of studies of marine hydro turbines, but none which are comparable to the 

turbines at the proposed Swansea Bay tidal lagoon. This would be a ‘first of a kind’ scheme, as 

acknowledged by TLSB themselves (TLSB Alternative Fish Impact Assessment – Addendum 2, 

Turbine Avoidance Behaviour of Fish, dated June 2017).  

A recent review of impacts on diadromous fish at Annapolis Tidal turbine in the Bay of Fundy, 

Canada, found long term changes to the population characteristics of two out of three 

diadromous fish species (Dadswell et al, 2018).  

It is widely recognised that, over the past 20 years, or so the status of stocks of migratory 

salmonids have declined over a broad geographical range. There is a complicated range of 

factors which has contributed to this, including the survival of fish at sea, and the pressures on 

freshwater habitats including poor water quality and barriers to migration. Since about 2000, 

NRW and its predecessor bodies including Environment Agency Wales have invested significant 

resources in addressing constraints. This has included installing fish migration easements and 

fish passes at historic barriers at more than eighteen locations on the rivers Tawe, Neath and 

Afan.  

NRW TE recognises that addressing barriers to migration is an ongoing issue that must be 

addressed as salmonid stocks remain in a perilous state. Increased anthropogenic mortalities, 

such as those that would result from marine turbine operations as part of the proposed project 

would be incompatible with the restoration to sustainability of fish stocks.  

p.4, section 1.1.4 – See comments above. NRW TE understands that computational fluid 

dynamic modelling, and the resulting design changes to turbines proposed for TLSB indicate a 

lower theoretical level of risk to fish from turbine passage. However, we reiterate that no 

empirical evidence exists from any comparable hydropower project and that as such TLSB is a 

’first of a kind’ scheme.  
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p.4, section 1.1.5 – The section states ‘Nevertheless, in line with the emphasis on thoroughness 
and using best available evidence, the TLSB team developed a predictive model, building on the 
latest literature sources, peer reviewed by an independent Panel of experts (Appendix A). This 
produced the results scrutinised by the planning Inspectors and the statutory consultees.’  
 
However, Appendix A does not appear to represent the work of a peer review panel, not is it a 

clear scrutiny of the current model results.  

p.5, section 1.2.1 – The section states; ‘The NRW regulators, also concerned that the lack of 
evidence required increased reliance on the Individual Based Modelling (IBM) submitted and 
accepted as part of the Development Consent Order for Swansea Bay Tidal Lagoon, asked for a 
view from the Centre for Environment, Fisheries and Aquaculture Science (Cefas) on the utilized 
IBM model.’  
This is not correct. The ES submitted for the DCO relied solely on the results from IBM modelling 
to quantify predicted impacts. Comments and concerns on this approach were raised by both 
NRW TE and Cefas as part of the application for a marine licence consultation. During the 
marine licence process TLSB were offered options for undertaking further revisions of the IBM 
model to address concerns raised by Cefas and NRW TE, however at a meeting in October 2015 
this was declined by TLSB and they agreed to pursue alternative modelling approached to 
predict fish impacts. 
 
Furthermore, it should be noted that the request for further work to stress-test the ADZ model 
was made by NRW NPST in response to concerns raised by a number of consultees, including 
Cefas, NE and NRW TE.  
 
P5. Section 1.2.2 – NRW TE do not agree that the boundaries of the model are being pushed 
artificially to the extreme. The current MCA of the ADZ approach used a maximum and 
minimum value for a range of parameters to be used in combination with a frequency 
distribution curve for the value.  This information has all been based on best available scientific 
evidence and where this is lacking on expert opinion. The use of the 99 percentile thresholds for 
impacts to diadromous fish has been agreed in recognition of the conservation interest of these 
species and the inherent uncertainty levels associated with the modelling. 
 

P.7, section 1.3.3 – This section claims that the ‘Best Estimate’ impacts from the revised modelling 

are in line with the results presented and approved in the initial planning process. While this is 

correct when comparing the Median from the revised modelling with the ES predictions it should be 

noted that this would be a comparison between two very different model approaches, a 

deterministic output from a single model run and the median value of 100.000 model runs.  

P.9, section 1.3.9 – The point of the modelling is to model a range of plausible scenarios for a 

population which ranges widely, possibly from Bristol channel to North West of Scotland. There are 

many unknowns in this scenario, but we know that to complete the freshwater phase of their 

lifecycle the population will have to spend some time in Swansea when migrating to and from the 

rivers and therefore will be at risk of turbine encounters. 

p.11, section 1.3.11 – It is not clear from this comment whether it relates to scenario or sensitivity 

testing. The approach and evidence for setting population range for river lamprey was agreed with 

TLSB during consultation. The absence of lamprey in the surveys undertaken by TLSB is not surprising 

since the survey methodology is not appropriate for detecting this species. 



 

13 
 

p.11, section 1.4.2 – NRW TE disagree that the impacts to diadromous can be termed ‘insignificant’.  

NRW NPS have instructed TLSB that the assessment of impacts to diadromous fish will be assessed 

at the 99th percentile level. The predicted impacts to these species range are presented by TLSB in 

this submission in Table 1 as ranging from 1.67% for eel to 22.07% for river lamprey.  

p.23, Table 5 – please note that NRW TE does not agree that this model represent ‘consensus’.  

p.63, section 6.1.1 – NRW asked for the additional scenario testing where there was a high degree of 

uncertainty associated with the evidence for the parameter values. 

p. 82, section 6.7.32 – inferring that the lagoon would present a ‘safe haven’ from predators for 

diadromous fish while in Swansea bay is pure speculation. 

p.82, section 6.7.33 – NRW TE does not agree with the assumption that predation on adults is 

unlikely within the confined of the lagoon. Avian predators, such as cormorants can take fish up to 

several pounds in weight and are therefore more than capable of taking mature sea trout, eels and 

shad, as well as most marine species. 

p.90, section 7.1.4, 3rd bullet point – NRFW TE does not agree that the results of scenario testing 

necessarily indicate that the models are precautionary in all instances. The purpose of the scenario 

tests was to illuminate whether changes in particular aspect of the model for which the evidence 

base was considered particular weak produced different results, whether this was inclusion of 

additional parameters, different ways of modelling a particular scenario or relating the impact to a 

different scale.  

p.90, section 7.1.8 – NRW TE are unable to agree that the predicted impact levels at the threshold 

levels advised by NRW NPS can be considered insignificant. This especially true for diadromous fish 

populations which are all considered under threat, and for which fishing and recreational angling is 

highly restricted, or non-existent. See comments above on proposed byelaw changes for salmon. 

p.90, section 7.1.9 – please provide further detail and evidence of what peer review has been 

undertaken.  

p.145, Appendix E Duration of Presence Parameter Determination 

The sensitivity testing demonstrates that for salmon duration of presence is a critical parameter in 

the modelling. Protracted discussion has been ongoing between TLSB and NRW NPS consultees as to 

the best evidence to use for setting the parameter values. NPS have instructed TLSB to use an 

approach where each iteration is sampled from a pooled set of available real tracking data. TLSB 

were also asked to explain the selection of tracking data used and explain why some data had been 

excluded, however this has not been complied with and NRW TE would have liked to see more 

thorough review of the basis of including some data, while excluding other.  

p.145, section 7.1.3 – NRW NPS and TLSB are in the process of agreeing parameter values. The 

sensitivity report is a step in that process. 

p.145 – Section 7.1.5 – The approach suggested by Cefas has been implemented for salmon, where a 

wide range of individual tracks from a range of studies have been collated to present 488 tracks to 

randomly sample for the parameter.  Comparable data for sea trout is more limited and TLSB appear 

to have derived a mean duration of presence value of 12 tides (SD 100 tides) based on fish tracked 

on the Tywi reported in Evans et al, (1994).  
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p.146, section 7.3.5 – NRW notes the limitation of fish tracking studies listed in this section but is of 

the opinion that as there are very few studies to use as an evidence base it would not be appropriate 

to limit the evidence used without good cause. 

p. 146/147, section 7.3.7 – NRW TE do not agree with the statement that fish can be considered safe 

once they have entered the estuary and maintain that there is evidence (including the tracking 

carried out by TLSB) to show that fish can move repeatedly in and out of the estuary. The 

observation cited by TLSB that fish which exhibit this behaviour are compromised in their survival is 

irrelevant. The purpose of the impact assessment for the lagoon is to estimate impact to the 

population returning to the river and this would include fish experiencing extended delays to river 

entry as evidenced from tracking results.  

p.147, section 7.3.9 – These statements were also part of the previous submission and NRW TE are 

of the view that the observations made in this section are biased and offered an alternative 

interpretation. See our response from August 2018. 

p. 148, Table 1 – This lists the series of tracking studies that TLSB have used to set the duration of 

presence parameter. NRW TE welcomes the intention by TLSB to use a wider evidence base but note 

that for most of these studies actual tracks have not been obtained and the mean travel time has 

been used. 

Following review of the tagging studies presented in Table 1, NRW TE offers the following 

observations: 

North Esk – this is actual tracking data for three individual fish, all of which were actively tracked 

from a boat, so although the study tagged and tracked six fish only three of them returned to the 

river within the timeframe for active tracking. For the remaining fish, tracking was abandoned due to 

adverse weather and one was lost after holding station in one position after approx. 48 hours. The 

three fish last recoded at sea may well have entered freshwater at a later data. TLSB have chosen to 

only include the three fish which entered the river rapidly for which data is available, but NRW are of 

the opinion that this introduces bias and advise that this study should be removed from the Duration 

of Presence parameter values. 

Tana study – no explanation has been provided as to why this particular study has been included is 

provided by TLSB. The Tana river is a very large pristine river in Northern Norway with a mean 

average flow more than 10 times that of the Tawe, and with no man-made barriers and little or no 

anthroponotic impacts in the catchment. It is therefore a significantly different environment than 

Swansea Bay where fish may experience extended delays due to the Tawe barrage. NRW TE advise 

this study should be removed from the Duration of presence parameter values as it is not 

representative of expected fish behaviour in Swansea bay.   

Swansea Bay – these are the four adult salmon and sea trout tracked by TLSBs consultants THA in 

2015. It is unclear why both salmon and sea trout tracks have been included, however given that 

both fish have very similar times it is not considered to be problematic to include both species. 

Tywi – a total of 205 fish from this study have been used with average travel time of 4.82 days. In the 

DoP excel sheet this has been broken down further to cover early and late running fish respectively 

using the averages given for each surveys year, e.g. 63 early running fish tracked in 1989, with an 

average run time of 8.13 days, and so on. NRW TE advise that the data is considered appropriate to 

include. 
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Taff – It is unclear why 3 fish from 1991 have been excluded; tag numbers A700, tagged on the 

22/11/91 and detected at Sophia Garden 0.40 days after; tag number A702, tagged on the 01/10/91 

and detected 119 days after at Clarence Bridge, and tag A708 tagged on the 23/07/91 and detected 

178 days later at Blackweir. NRW TE maintain that these should be included or adequate explanation 

as to why they have not should be provided. 

Usk – The summary data from the report has been used to generate estimates of number of days 

fish took to re-enter freshwater. It is not clear why only the 12 fish were used, out of the total 43 

which entered freshwater over the 3 years, although it is difficult to estimate run time for all these 

fish, we note that one was detected as entering FW 96 days post release, although the majority did 

so in less than 4 days.  NRW TE advise that the data is considered appropriate to include. 

Tyne – no source for this data has been provided under references but again the data has been 

generated by allocating 99 fish with the mean travel time of 12 days. NRW TE advise that the data is 

considered appropriate to include. 
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