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1 Introduction 

1.1 Monte Carlo analysis approach 

1.1.1 The original Alternative Draw Zone (ADZv.1) models (submitted by Tidal Lagoon 

Swansea Bay (TLSB) on 8 July 2016) calculated annual turbine encounter and 

injury rates for a range of fish species and lifestages. These values and the 

subsequent population-level impacts derived from them were deterministic in 

their nature, combining a variety of calculations and parameters to generate a 

single ‘% Annual Mortality’ rate for each species and lifestage where appropriate. 

1.1.2 Subsequent to the ADZv.1 models, Cefas produced alternative figures which were 

consulted upon by Natural Resources Wales (NRW) Permitting Service (PS). TLSB 

responded to this consultation and highlighted the limitations of the data used 

and conclusions reached. A number of meetings and workshops were held 

between TLSB, NRW Technical Experts (TE) and Cefas where it was agreed to 

adopt a Monte Carlo analysis approach to the ADZ modelling for a range of 

species.  This document presents the approach taken to the Monte Carlo 

analysis, parameters distributed and the results obtained. 

1.1.3 To account for the uncertainty in setting some of the parameters used within the 

original model, stochastic analysis has been undertaken for each species.  This 

has been achieved by distributing a number of the parameters between their 

upper and lower extreme values using a variety of probability distributions, and 

then re-sampling each species model a large number of times (in this case 

100,000 iterations) to obtain a frequency distribution of the results. This is 

commonly termed a ‘Monte Carlo’ analysis (MCA), and is a recognised technique 

within numerical analysis and risk management. 

1.1.4 Adopting a Monte Carlo analysis approach allows the description of numerical 

confidence for the levels of impact predicted and enables a robust, risk-based 

decision to be made. The following paper therefore describes the stochastic 

analysis conducted and the parameters within the ADZ models that have been 

subject to distribution and re-sampling for each species. The results of the 

analysis are presented as mean (1st percentile - 99th percentile) for diadromous 

species, and mean (5th-95th percentile) for marine species, in line with the advice 

letter provided by NRW(PS) dated 25th April 2017. 

1.1.5 The Monte Carlo analysis has been conducted on updated versions of the ADZ 

models (Version 2). The models were amended to reflect comments on the 

model structure and calculations received from Cefas (dated 26 August 2016, 11 

October 2016 and 4 January 2017), and received from NRW(TE) (dated 26 August 

2016, 16 September 2016 and 16 January 2017) on the original ADZ models 

(Version 1). Application of parameters such as cut-off dates, diurnal behaviour 

and lifestages modelled have also been updated to enable simpler application 

within a stochastic analysis. The models are provided as a supporting pack to this 

addendum and a User Guide is provided in Section 2 of this report. 



 

Tidal Lagoon Swansea Bay – Monte Carlo analysis of Alternative Draw Zone models Page 2 

TLSB_ML_Fish_June 2017_MCA  
 

1.1.6 The parameters that have been distributed within the model to account for the 

expressed uncertainty are listed below, with a brief description of the application 

of the parameters within the ADZ model: 

 STRIKERv.5TM injury rate - the STRIKERv.5TM injury rate is the probability of a 

fish being injured as it passes through the turbines after encountering 

them (see the TLSB Environmental Statement (TLSB, 2014), Alternative Fish 

Impact Assessment Results (TLSB, July 2016), Statement of Understanding 

(TLSB, July 2016) and Ploskey and Carlson (2004) for a detailed description 

of the fish injury model used). STRIKERv.5TM has been developed from 

STRIKERv.4 TM and incorporates a Monte Carlo analysis approach to 

produce a probability distribution of injury values rather than a single 

deterministic value for each fish life-stage.  

 Population range (excluding lagoon area) – the population range defines 

the area that is inhabited by the fish for the duration of time it spends 

within the model (duration of presence). The population ranges must 

overlap with the turbine and sluice gate housing structure otherwise the 

risk of encounter is zero. The population range varies and is dependent 

upon the life-stage of each species for example, whether it is migrating 

into/out of one of the Swansea Bay rivers or, is resident in Swansea Bay or 

a wider marine area. 

 Duration of presence - the duration of presence within the model 

(recorded as the number of tides) is the time spent by an individual fish 

within the set population range at risk of encounter with the turbine and 

sluice gate housing structure.  

 Seasonal presence – this parameter sets when, throughout the year, the 

individuals are present within their population range, reflecting resident, 

migratory, spawning, nursery or overwintering seasonal patterns. 

 Fish length – the length of the fish is set for each species lifestage from 

empirical observation/survey data in Swansea Bay or the Bristol Channel. 

This parameter influences the swimming speed, population range, 

STRIKERv.5TM injury rate and draw zone area parameters. 

 Swim speed (and equivalent draw zone area) - swimming speeds of fish 

within the models are used to set how quickly a fish moves around within 

its population range for the number of tides it is present. Distribution of 

individuals across the population range is random and, due to the absence 

of a large number of detailed migratory tracking data with which to set 

specific migratory routes, swimming directions are also random to 

objectively model fish movements. 

 Avoidance factor – as a fish is swimming within the population range, for a 

set number of tides and at a set swim speed, if it encounters flows linked to 

the turbine and sluice gate housing structure faster than its swim speed, it 

will be drawn towards the structure unless it shows a change in behaviour 

to avoid this happening. The avoidance factor is the proportion of fish that 

will show this change in behaviour to move out of the flows or away from 

the turbine and sluice gate housing structure. As swim speeds are set 
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below maximum sustainable swimming speeds (MSSS) then individuals will 

have additional swimming capacity to move away from the flows or 

structure or even hold their position in the flow until the turbine cycle 

ceases; 

 Draw Zone area - the area of flow speeds within the population range that, 

if encountered by the fish, will result in the fish being drawn towards the 

turbine and sluice gate housing structure and thus at risk of injury. The flow 

speed that this area is set at is determined by the swimming speed of the 

fish (for example for a fish swimming at 1ms-1, the draw zone area will be 

the area where flow speeds connected to the turbine and sluice gate 

housing structure and heading towards that structure are >1ms-1); 

 Generating period – these are the durations of generating time on the 

flood and ebb tides, covering periods of turbining and sluicing; 

 Age structure – this is the population structure of the species used for the 

population impact calculations. The parameter includes the number of 

years the species lives and the lifestages encompassed (such as juvenile in 

river/estuary, juvenile in coastal waters, resident, adult migrating to spawn, 

adult kelt post-spawning) as well as considering natural/baseline mortality 

rates of the population; 
 Sex ratio – the proportion of the spawning population that are female and 

thus contribute to egg production; and 
 Fecundity – the fertility of females measured as the potential number of 

eggs produced per individual. 

1.1.7 The MCA was conducted in Microsoft Excel, distributing parameters using the 

stochastic modelling functions of this software. Application of the data table 

function enabled re-sampling of the model to obtain a frequency distribution of 

results. Further details of the models are provided in Section 2 below. 

1.1.8 A range of statistical distributions have been considered for distributing 

parameters within the models. Where data is limited, a default uniform 

distribution is used.  

1.1.9 The parameters, used in the assessment for each species, and their distribution 

for use in the MCA are described in Section 3 below, along with supplementary 

evidence to the original submission of Alternative Fish Impact Assessment Results 

(TLSB, 2016). These parameters and distributions were discussed at a 

teleconference on 8 February 2017, and at technical meetings between TLSB, 

Cefas and NRW(TE) on 7 March and 2/3 May 2017. The results of the MCA 

conducted on this range of parameters is provided in Section 4 of this 

Addendum.
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2 Alternative Draw Zone v.2 model User Guide 

2.1 Introduction 

2.1.1 Version 1 of the Alternative Draw Zone (ADZ) models (ADZv.1), published in July 

2016 as part of the formal submission by TLSB to the NRW Permitting Service, 

were deterministic models that calculated encounter and injury rates for a 

variety of fish species and lifestages. These models were chosen as the preferred 

basis on which NRW Permitting Service would determine the Marine Licence for 

TLSB. The calculation methods within these models are described within 

Alternative Fish Impact Assessment Methodology (TLSB, July 2016). 

2.1.2 Version 2 of the ADZ models (ADZv.2) has been adapted to incorporate 

stochastic modeling of parameters, as described within Section 1, selecting 

parameters from defined ranges, as well as integrating calculation of Population 

Impacts from Annual Mortality Rates. Therefore, a User Guide has been 

prepared to describe the structure of the models and how to use them. 

2.1.3 ADZv.2 is a model that has been developed in Microsoft Excel 2013. This is 

therefore currently the optimum software for running the models. The 

calculations are split across multiple sheets within the model, with a model 

provided for each species or population under consideration. For example, 

individual models have been developed for shad or sea lamprey, however for 

species with a discrete local population such as Atlantic salmon and sea trout, 

individual models have been developed for river-specific populations (the Rivers 

Tawe, Neath and Afan in the case of TLSB). 

2.1.4 This User Guide describes each sheet within an individual model, using Atlantic 

salmon as an example, but describing the variety of methods for parameterising 

or using the model for other species where relevant. The following sections 

describe each sheet of the model in detail. 

2.2 ‘Index’ sheet 

2.2.1 This sheet simply provides links to other sheets within the model to aid 

navigation. Users can return to the Index from other sheets by clicking on the 

‘Return to INDEX’ cell.   

2.3 ‘Introduction and Explanation of Worksheets’ sheets 

2.3.1 These sheets provide brief explanations of the models and sheets, as a summary 

version of this User Guide.  

2.4 ‘Injury rate’ sheet 

2.4.1 This sheet transposes the injury rate distributions generated for each species 

and lifestage from the STRIKERv.5TM turbine passage injury model (reported in 

THA, May 2017) into a frequency distribution table:  
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2.4.2 The calculation, in this sheet, picks turbine passage injury rates from the 

frequency distribution table for each species lifestage and for each iteration of 

the model. This value is then carried throughout the model for each time a fish 

encounters and passes through the turbines. 

 

2.5 ‘Operating period’ sheet 

2.5.1 Operational data from the TLSB turbines and sluices, at a one-minute timestep, 

has been summarised to provide a dataset showing the duration of generating 

and sluicing periods for both the flood and ebb tides throughout a full year. The 

model, in the ‘Parameters’ sheet, picks operating period durations from this 

frequency distribution table for each iteration of the model. This value is then 

carried throughout the model in order to calculate the encounter rate on each 

tide. 
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2.6 ‘Parameters’ sheet 

2.6.1 The ‘Parameters’ sheet is the central sheet of the model, whereby each input 

parameter relevant to the model can be adjusted. Parameters can be amended, 

by the user, within the model whilst still retaining the model’s structural integrity 

and these parameters cells are highlighted in green. Results from the modeling 

of parameter distributions are highlighted in orange and should not be adjusted. 

The first three columns (A-C) in this sheet present and describe the chosen 

parameter values for that model iteration, with columns F-P presenting and 

describing the ranges and distributions from which  the parameter value is 

chosen. A range of continuous and discrete statistical distributions (uniform, 

normal, log-normal, binomial, negative binomial/geometric, Poisson etc.) have 

been considered for modelling all parameters within the models. Where data is 

limited, a default uniform distribution is used.  

2.6.2 For each parameter, where relevant, each lifestage modelled selects values from 

a separate distribution, even if the shape and boundaries of the distributions 
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between lifestages is the same. Therefore, whilst some lifestages may choose 

parameters from distributions with the same shape and boundaries as other 

lifestages, the individual values chosen at each model iteration can be different 

between lifestages. 

2.6.3 Starting Population: this value has no bearing on the outcome of the model as 

predicted mortalities are always taken as proportional to this Starting Population. 

A nominal value of 100,000 individuals is used for each species to visualize the 

operation of the models.  

2.6.4 STRIKERv.5TM: These values are drawn from the ‘Injury rate’ sheet described 

above. 

2.6.5 Population Range: This is the geographic area that fish of each modelled species 

and lifestage inhabit, for the duration of presence and swimming speeds chosen. 

Consequently, the value varies depending upon the species and lifestage being 

modelled. Areas have been measured using GIS software for each species and 

lifestage, and with a higher degree of accuracy than for the ADZv.1 models 

submitted in July 2016. 

2.6.6 Separate population ranges are determined for fish both inside and outside of 

the lagoon. For all fish inside the lagoon, this is set as the footprint of the lagoon 

(1,190ha). For diadromous individuals outside the lagoon, that are migrating to 

or from Swansea Bay rivers to either spawn or mature, the population range is 

set based on straight line progression rates over one tide for the chosen 

swimming speed for each iteration (combining fish length and body length per 

second (bls-1 ) swim speed). The resultant value is used to set the radial distance 

from the river mouth for the population area. Individual population areas are 

then calculated by taking the area of a circle, with radius of the straight line 

progression rate over one tide, and calculating the marine area covered by this 

circle. 

2.6.7 Fish present within the population area for more than one tide are then 

considered to be subject to greater wandering behaviour. If the population area 

chosen by this method within the model resampling is below the population area 

that overlaps the turbine and sluice housing structure then the encounter risk is 

set to zero.  

2.6.8 The duration of presence parameter is then limited to a minimum of one tide 

and any number of tides chosen above one tide increases the tortuosity of the 

migratory routes of that individual. For diadromous species resident outside of 

the lagoon between migration, the population range is chosen on the basis of 

their understood geographical range, or a subset of a wider management unit (in 

the case of sea lamprey or European eel). For marine species, when they are 

resident, migrating to spawn or growing from the juvenile stage, the population 

range is based on their understood geographical range at the relevant lifestage. 
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2.6.9 Duration of presence: This is the period of time, measured in single tidal cycles, 

that individuals spend within the model. This is based on published evidence of 

timing and duration of migration and/or spawning, wherever available. This 

parameter does not apply to resident lifestages as they are present within the 

model year round: 
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2.6.10 Swimming speed: Swimming speeds for each model iteration are selected from a 

distribution of fish lengths that are consistent with the distribution used for the 

STRIKERv.5TM model, and a distribution of body length per second (bls-1) ‘cruising’ 

swimming speeds that are available for many species from published literature. 

Within the ADZv.2 model, chosen swimming speeds influence the population 

range (for some species), draw zone size, whether a simple volumetric approach 

is taken to calculating the encounter rate if individuals are not swimming above 

background flow speeds (<0.2ms-1), as well as the wider swimming speed in the 

model which influences the rate of presentation of individuals to the draw zone:    
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2.6.11 Avoidance rate: The proportion of individuals, upon encountering the draw zone, 

that show a response and successfully avoid being drawn into and through the 

turbines and sluices is set by the avoidance rate. The approach to setting this 

parameter is set out in detail in Alternative Fish Impact Assessment - Addendum 2: 

Turbine Avoidance Behaviour of Fish (TLSB, May 2017): 

 

2.6.12 Operating period: These values are drawn from the ‘Operating period’ sheet 

described above.  

2.6.13 Age structure, fecundity and sex ratio: The values within these parameters vary 

by species depending on the Population Impact calculation method. Some 

species require the use of natural mortality rates between lifestages, age class 

data, proportions of marine residency, fecundity of females, or ratios of 

male:female fish to enable calculation of overall Population Impacts. These 

values are applied in calculation of the Population Impacts in the ‘Survival and 

Impact Calculations’ sheet. 

2.6.14 Draw Zone area: The area of the draw zone is linked to the chosen swimming 

speed of the individual. A relationship has been derived between the swimming 

speed chosen by the ADZv.2 models, and the corresponding area of the draw 

zone that relates to this precise swimming speed. This has been achieved by 

modelling the area of the draw zone within a 2-dimensional hydrodynamic 

model, over a two-week tidal cycle at a three-minute timestep. 

2.6.15 Data points are generated every three minutes and these are assigned to the 

operating phases of the lagoon - flood generation (including pumping), flood 

sluicing, ebb generation (including pumping), ebb sluicing and holding. Within the 

tables below these data points have been used to develop an exponential 

relationship between swim speeds and draw zone area  for each of the operating 

phases, where fish may enter or leave the lagoon through the turbine and sluice 

gate housing structure (i.e. data points relating to the holding phase have been 

removed). The 95% confidence levels around these regression lines have also 

been derived to account for the variability within the relationship, and these 

confidence levels will be utilised within the ADZ models, as shown below:  
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2.6.16 Alternative Drawzone Based Non-Encounter Probability: These cells draw from 

the ‘Draw Zone – Probability Calcs’ sheet, which amalgamates the above 

parameters into an overall encounter and non-encounter (1-encounter) rate with 

the turbine and sluice gate housing structure for each lifestage. 

2.7 ‘Population Data’ sheet 

2.7.1 This sheet sets the period of time during the year that fish are present within the 

model, and the proportion of the population that is present during these 

periods: 

 

2.8 ‘Tides per month’ sheet 

2.8.1 This sheet describes how the year has been split into the number of tides in each 

month: 
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2.9 ‘Draw Zone – Probability Calcs’ sheet 

2.9.1 This sheet describes how some of the parameters in the ‘Parameters’ tab 

(Population Range, Swimming Speed, Draw Zone area, Operating period) are 

used to calculate an overall encounter rate during each generating phase on 

each tide for each lifestage under consideration. The equations associated with 

this calculation are provided in Alternative Fish Impact Assessment Methodology 

(TLSB, July 2016): 

 

2.10 ‘ADZ’ sheets 

2.10.1 Individual sheets are provided for each lifestage .Here the nominal 100,000 

starting population from the ‘Parameters’ sheet are modelled through 704 tides 

(one year) of potential encounter and injury with the turbines and sluices of the 

lagoon. The year is split by month based on the ‘Tides per month’ sheet. The 

period that fish are present within the model are set by the ‘Population Data’ 

sheet and the number of tides they are present are set by the Duration of 

presence parameter in the ‘Parameters’ sheet. For fish that are present, their 

encounter rate on the flood and ebb tides are calculated from the ‘Draw Zone – 

Probability Calcs’ sheet. This sheet how many of the population present enter or 

leave the lagoon on any one tide through the turbines and sluices. For 

individuals that enter or leave through the turbines, a number are considered to 

be lost based on the values from the ‘Injury rate’ sheet. 

2.10.2 Fish that enter the lagoon are added to a ‘lagoon population’ and are deducted 

from the population outside the lagoon. Similarly, fish that leave the lagoon are 

added to the population outside the lagoon with the potential for re-

entrainment. For some species and lifestages, fish present within the lagoon 

population after a certain point are assumed to be lost by virtue of their 

assumed failure to successfully complete their spawning or feeding migration. 
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2.10.3 The model is run for 704 tides from the time the first fish enters the model, and 

the losses after this period are calculated as a proportion of the starting 

population, to give an Annual Mortality rate for each lifestage, presented as 

follows:  

 

 

 
 

2.11 ‘Survival and Impact Calculations’ sheets 

2.11.1 The Annual Mortality rates calculated within the ‘ADZ’ sheets are summarised in 

the Survival and Impact Calculations sheet.  
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2.11.2 Each lifestage impact is then used to calculate an overall Population Impact for 

the species by considering the cumulative mortality over each lifestage for a 

number of years. This is calculated in a number of ways depending on the 

relevant species, and considers the age structure, fecundity and sex ratio 

parameters from the ‘Parameters’ sheet.  

2.11.3 In the case of Atlantic salmon, sea trout, shad, sea lamprey and river lamprey, 

Population Impacts are calculated in terms of egg losses (or % impact on egg 

deposition). The calculation considers outward migration of individuals from 

rivers as juveniles, periods of residence whilst maturing, single or multiple 

spawning events and the potential for residency in between spawning.  

2.11.4 European eel Population Impacts are calculated as a proportional escapement 

impact, and for the marine species (cod, whiting, sandeel, herring, sole, plaice 

and bass), Population Impacts are calculated as the cumulative mortality over the 

life-history of the species:  

 

2.12 ‘Monte-Carlo analysis’ sheets 

2.12.1 The Population Impact result calculated in the ‘Survival and Impact Calculations’ 

sheet within the ADZv.2 models are variable given that the parameter values are 

selected from various distributions rather than an individual value. The 

Population Impact therefore changes each time the model is refreshed. 

2.12.2 This sheet presents the results of re-sampling the results of the model 100,000 

times, generating a frequency distribution of Population Impacts. These 

frequency distributions and percentiles (1st, 5th, 95th and 99th as relevant) from 

within the distribution are presented in Section 4 of this Addendum, with an 

example shown below.  
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2.13 Model equations and process flowchart 

2.13.1 The model process is summarised in the flowchart shown in Figure 2.1, and a full set of model parameters and equations is provided below in 

Table 2.1 

Table 2.1 Model parameters and expressions 

Parameters (units) Notation Expression or description 

Fish length (m) L Set from existing survey data and published literature where available 

Fish swimming speed (bls-1) S Set from existing survey data and published literature where available 

Fish population range (m2) R Set based on assessment scale and/or geographic ranges of species 

Fish duration of presence 

(number of tides) P Set from existing survey data and published literature where available 

Fish orientation on passing 

through turbines (o) o Random orientation used 

Fish sinuosity factor s 0.9 for eels/lamprey, 1.0 for all other species, to modify L to account of the sinuous swimming behaviour of these species 

Fish mutilation ratio M (0.1533 ln(𝐿)) + 0.0125 

Fish age (number of years) A Set from existing survey data and published literature where available 

Fish mortality rate - natural 

and exploitation Z Set from existing survey data and published literature where available 

Fish fecundity (number of 

eggs) E Set from existing survey data and published literature where available 

Fish sex ratio (proportion of 

females) F Set from existing survey data and published literature where available 

Lagoon Operating period 

(number of seconds) O(ft,fs,et,es) Set from lagoon operating data 

Lagoon Draw Zone area (m2) DZ(ft,fs,et,es) Set from lagoon operating data and hydrodynamic modelling 

Lagoon Draw Zone 

circumference (m) cDZ(ft,fs,et,es) (√𝐷𝑍) ∙ 3 

Lagoon Vulnerable Zone area 

(m2) VZ(ft,fs,et,es) 𝑐𝐷𝑍 ∙ 𝑤𝑉𝑍 

Lagoon Vulnerable Zone width 

(m) wVZ(ft,fs,et,es) Set at 1m for TLSB assessment 

Turbine number of blades 

(number of blades) n TLSB turbine has 3 blades 

Turbine rotation rate 

(revolutions per second) r Set from lagoon operating data and varies between 28 and 74 rpm 
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Turbine discharge rate (m3s-1) f Set from lagoon operating data 

Turbine hub radius (m) h Set from lagoon operating data 

Turbine blade tip radius (m) b Set from lagoon operating data 

Turbine swept area (m2) a 𝜋 ∙ (𝑏2 − ℎ2) 

Turbine angle of incidence (o) θ Set from lagoon operating data 

Probabilities Notation Expression or description 

Probability of fish arriving in 

their population range on any 

one tide 

Parrive 

Set from existing survey data and published literature where available, by monthly seasonal presence table 

Probability of fish leaving their 

population range on any one 

tide 

Pleave 
1

𝑃
 

Probability of encounter with 

the turbines during flood 

turbining, flood sluicing, ebb 

turbining, ebb sluicing 

Pencounter(ft,ft,et,es) 
(
𝐷𝑍

𝑅
) +

(

  
 
(1 − (

𝐷𝑍

𝑅
)) ∙

(

 
 
1 − (1 − (

𝑉𝑍

𝑅
∙
3

8
))

(
𝑂

(
𝑤𝑉𝑍
𝑆
)
)

)

 
 

)

  
 

 

Probability of fish avoiding 

encountering the 

turbines/sluices 

Pavoidance 

Set based on Alternative Fish Impact Assessment Addendum 2: Turbine Avoidance Behaviour of fish (TLSB, May 2017) 

Probability of injury/mortality 

of fish passing through the 

turbines 

Pinjury 
𝐿 ∙ 𝑜 ∙ 𝑠 ∙ 𝑀 ∙ 𝑛 ∙ 𝑟 ∙ 𝑐𝑜𝑠(𝜃)

(
𝑓
𝑎𝑡
)

 

Probability of fish being in their 

population range outside the 

lagoon (in the sea) prior to 

flood generation at tide=t 

Psea(t) 𝑃𝑎𝑟𝑟𝑖𝑣𝑒(𝑡)

𝑃𝑙𝑒𝑎𝑣𝑒(𝑡)
 

Probability of fish being in the 

lagoon after flood generation 

at tide=t 

Plagoon post flood(t) 

((
𝑃𝑎𝑟𝑟𝑖𝑣𝑒(𝑡)

𝑃𝑙𝑒𝑎𝑣𝑒(𝑡)
) ∙ 𝑃𝑒𝑛𝑐𝑜𝑢𝑛𝑡𝑒𝑟(𝑓𝑡) ∙ 𝑃𝑎𝑣𝑜𝑖𝑑𝑎𝑛𝑐𝑒)+ ((

𝑃𝑎𝑟𝑟𝑖𝑣𝑒(𝑡)

𝑃𝑙𝑒𝑎𝑣𝑒(𝑡)
− ((

𝑃𝑎𝑟𝑟𝑖𝑣𝑒(𝑡)

𝑃𝑙𝑒𝑎𝑣𝑒(𝑡)
) ∙ 𝑃𝑒𝑛𝑐𝑜𝑢𝑛𝑡𝑒𝑟(𝑓𝑡) ∙ 𝑃𝑎𝑣𝑜𝑖𝑑𝑎𝑛𝑐𝑒)) ∙ 𝑃𝑒𝑛𝑐𝑜𝑢𝑛𝑡𝑒𝑟(𝑓𝑠) ∙ 𝑃𝑎𝑣𝑜𝑖𝑑𝑎𝑛𝑐𝑒)

− ((
𝑃𝑎𝑟𝑟𝑖𝑣𝑒(𝑡)

𝑃𝑙𝑒𝑎𝑣𝑒(𝑡)
) ∙ 𝑃𝑒𝑛𝑐𝑜𝑢𝑛𝑡𝑒𝑟(𝑓𝑡) ∙ 𝑃𝑎𝑣𝑜𝑖𝑑𝑎𝑛𝑐𝑒 ∙ 𝑃𝑖𝑛𝑗𝑢𝑟𝑦) 

Probability of fish being in the 

lagoon after ebb generation at 

tide =t 

Plagoon post ebb(t) 
𝑷𝒍𝒂𝒈𝒐𝒐𝒏 𝒑𝒐𝒔𝒕 𝒇𝒍𝒐𝒐𝒅(𝒕) − ((𝑷𝒍𝒂𝒈𝒐𝒐𝒏 𝒑𝒐𝒔𝒕 𝒇𝒍𝒐𝒐𝒅 ∙ 𝑃𝑒𝑛𝑐𝑜𝑢𝑛𝑡𝑒𝑟(𝑒𝑡) ∙ 𝑃𝑎𝑣𝑜𝑖𝑑𝑎𝑛𝑐𝑒) + ((𝑷𝒍𝒂𝒈𝒐𝒐𝒏 𝒑𝒐𝒔𝒕 𝒇𝒍𝒐𝒐𝒅 − (𝑷𝒍𝒂𝒈𝒐𝒐𝒏 𝒑𝒐𝒔𝒕 𝒇𝒍𝒐𝒐𝒅 ∙ 𝑃𝑒𝑛𝑐𝑜𝑢𝑛𝑡𝑒𝑟(𝑒𝑡) ∙ 𝑃𝑎𝑣𝑜𝑖𝑑𝑎𝑛𝑐𝑒)) ∙ 𝑃𝑒𝑛𝑐𝑜𝑢𝑛𝑡𝑒𝑟(𝑒𝑠) ∙ 𝑃𝑎𝑣𝑜𝑖𝑑𝑎𝑛𝑐𝑒)) 
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Probability of fish being in 

their population range outside 

the lagoon (in the sea) at 

tide=t+1 and each tide 

thereafter 

Psea(t+1) 
(
𝑃𝑎𝑟𝑟𝑖𝑣𝑒(𝑡+1)

𝑃𝑙𝑒𝑎𝑣𝑒(𝑡+1)
) −

(

 
 
((
𝑃𝑎𝑟𝑟𝑖𝑣𝑒(𝑡)

𝑃𝑙𝑒𝑎𝑣𝑒(𝑡)
) ∙ 𝑃𝑒𝑛𝑐𝑜𝑢𝑛𝑡𝑒𝑟(𝑓𝑡) ∙ 𝑃𝑎𝑣𝑜𝑖𝑑𝑎𝑛𝑐𝑒)+ ((

𝑃𝑎𝑟𝑟𝑖𝑣𝑒(𝑡)

𝑃𝑙𝑒𝑎𝑣𝑒(𝑡)
− ((

𝑃𝑎𝑟𝑟𝑖𝑣𝑒(𝑡)

𝑃𝑙𝑒𝑎𝑣𝑒(𝑡)
) ∙ 𝑃𝑒𝑛𝑐𝑜𝑢𝑛𝑡𝑒𝑟(𝑓𝑡) ∙ 𝑃𝑎𝑣𝑜𝑖𝑑𝑎𝑛𝑐𝑒)) ∙ 𝑃𝑒𝑛𝑐𝑜𝑢𝑛𝑡𝑒𝑟(𝑓𝑠) ∙ 𝑃𝑎𝑣𝑜𝑖𝑑𝑎𝑛𝑐𝑒)

)

 
 

+ (𝑃𝑙𝑎𝑔𝑜𝑜𝑛 𝑝𝑜𝑠𝑡 𝑒𝑏𝑏(𝑡) − (𝑷𝒍𝒂𝒈𝒐𝒐𝒏 𝒑𝒐𝒔𝒕 𝒇𝒍𝒐𝒐𝒅 ∙ 𝑃𝑒𝑛𝑐𝑜𝑢𝑛𝑡𝑒𝑟(𝑒𝑡) ∙ 𝑃𝑎𝑣𝑜𝑖𝑑𝑎𝑛𝑐𝑒 ∙ 𝑃𝑖𝑛𝑗𝑢𝑟𝑦)) 

Probability of mortality of fish 

at tide=t 
Ptide mortality(t) ((

𝑃𝑎𝑟𝑟𝑖𝑣𝑒(𝑡)

𝑃𝑙𝑒𝑎𝑣𝑒(𝑡)
) ∙ 𝑃𝑒𝑛𝑐𝑜𝑢𝑛𝑡𝑒𝑟(𝑓𝑡) ∙ 𝑃𝑎𝑣𝑜𝑖𝑑𝑎𝑛𝑐𝑒 ∙ 𝑃𝑖𝑛𝑗𝑢𝑟𝑦) + (𝑷𝒍𝒂𝒈𝒐𝒐𝒏 𝒑𝒐𝒔𝒕 𝒇𝒍𝒐𝒐𝒅 ∙ 𝑃𝑒𝑛𝑐𝑜𝑢𝑛𝑡𝑒𝑟(𝑒𝑡) ∙ 𝑃𝑎𝑣𝑜𝑖𝑑𝑎𝑛𝑐𝑒 ∙ 𝑃𝑖𝑛𝑗𝑢𝑟𝑦) 

Probability of mortality of fish 

at tide=t(cut-off) – the tide 

when the cut-off date is 

applied 

Ptide mortality cut-

off(t) 
(𝑃𝑠𝑒𝑎(𝑡+1) ∙ 𝑃𝑒𝑛𝑐𝑜𝑢𝑛𝑡𝑒𝑟(𝑓𝑡) ∙ 𝑃𝑎𝑣𝑜𝑖𝑑𝑎𝑛𝑐𝑒) + ((𝑃𝑠𝑒𝑎(𝑡+1) − (𝑃𝑠𝑒𝑎(𝑡+1) ∙ 𝑃𝑒𝑛𝑐𝑜𝑢𝑛𝑡𝑒𝑟(𝑓𝑡) ∙ 𝑃𝑎𝑣𝑜𝑖𝑑𝑎𝑛𝑐𝑒)) ∙ 𝑃𝑒𝑛𝑐𝑜𝑢𝑛𝑡𝑒𝑟(𝑓𝑠) ∙ 𝑃𝑎𝑣𝑜𝑖𝑑𝑎𝑛𝑐𝑒) + 𝑃𝑙𝑎𝑔𝑜𝑜𝑛 𝑝𝑜𝑠𝑡 𝑒𝑏𝑏 

Probability of mortality of fish 

at tide=t+1(cut-off) – the tide 

after the cut-off date is 

applied, and each tide 

thereafter 

Ptide mortality cut-

off(t+1) 
(𝑃𝑠𝑒𝑎(𝑡+1) ∙ 𝑃𝑒𝑛𝑐𝑜𝑢𝑛𝑡𝑒𝑟(𝑓𝑡) ∙ 𝑃𝑎𝑣𝑜𝑖𝑑𝑎𝑛𝑐𝑒) + ((𝑃𝑠𝑒𝑎(𝑡+1) − (𝑃𝑠𝑒𝑎(𝑡+1) ∙ 𝑃𝑒𝑛𝑐𝑜𝑢𝑛𝑡𝑒𝑟(𝑓𝑡) ∙ 𝑃𝑎𝑣𝑜𝑖𝑑𝑎𝑛𝑐𝑒)) ∙ 𝑃𝑒𝑛𝑐𝑜𝑢𝑛𝑡𝑒𝑟(𝑓𝑠) ∙ 𝑃𝑎𝑣𝑜𝑖𝑑𝑎𝑛𝑐𝑒) 

Probability of fish actively 

swimming/moving through the 

water column (consideration 

of diurnal behaviour and use 

of selective tidal stream 

transport) 

Pactive 
Set from existing survey data and published literature where available. Based on diurnal behaviours of individuals or use of selective tidal stream transport 

meaning that individuals are not actively swimming all the time. A proportion of the time they may be holding position on the seabed. 

Probability of an individual 

being within the marine 

environment 

Pmarine 

Set from existing survey data and published literature where available. Based on an existing understanding of proportions of species lifestages that spend their 

time within the estuarine or river environment, such as eels and river lamprey for which a proportion of the population are known to be estuarine or freshwater 

residents. 

Probability of mortality of fish 

over a year 
Pannual mortality  ( ∑ 𝑃𝑡𝑖𝑑𝑒 𝑚𝑜𝑟𝑡𝑎𝑙𝑖𝑡𝑦

𝑡=704

𝑡=1

) ∙ 𝑃𝑎𝑐𝑡𝑖𝑣𝑒 ∙ 𝑃𝑚𝑎𝑟𝑖𝑛𝑒 

Probability of an individual 

being at each lifestage 
Plifestage 

(𝟏 − 𝒁)𝑨 

Probability of mortality of fish 

across the population, 

expressed as ‘egg loss’ 

considering fecundity and sex 

ratio of species, or ‘population 

impact’ that does not consider 

these parameters 

Pegg loss 
((∑ 𝑃𝑙𝑖𝑓𝑒𝑠𝑡𝑎𝑔𝑒

𝐴=𝑥
𝐴=1 ) ∙ 𝐸 ∙ 𝐹) − ((∑ 𝑃𝑙𝑖𝑓𝑒𝑠𝑡𝑎𝑔𝑒

𝐴=𝑥
𝐴=1 ) ∙ 𝐸 ∙ 𝐹 ∙ ((𝑃𝑎𝑛𝑛𝑢𝑎𝑙 𝑚𝑜𝑟𝑡𝑎𝑙𝑖𝑡𝑦)

𝐴
))

((∑ 𝑃𝑙𝑖𝑓𝑒𝑠𝑡𝑎𝑔𝑒
𝐴=𝑥
𝐴=1 ) ∙ 𝐸 ∙ 𝐹)

 

Ppopulation impact 

((∑ 𝑃𝑙𝑖𝑓𝑒𝑠𝑡𝑎𝑔𝑒
𝐴=𝑥
𝐴=1 )) − ((∑ 𝑃𝑙𝑖𝑓𝑒𝑠𝑡𝑎𝑔𝑒

𝐴=𝑥
𝐴=1 ) ∙ ((𝑃𝑎𝑛𝑛𝑢𝑎𝑙 𝑚𝑜𝑟𝑡𝑎𝑙𝑖𝑡𝑦)

𝐴
))

((∑ 𝑃𝑙𝑖𝑓𝑒𝑠𝑡𝑎𝑔𝑒
𝐴=𝑥
𝐴=1 ))

 



Figure 2.1: Alternative Draw Zone Fish Impact Assessment Model Structure Diagram
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3 Monte Carlo analysis parameterisation 

3.1 Atlantic salmon (Salmo salar) 

Table 3.1 Distribution of parameters for Monte Carlo analysis and original parameter values in 8 July 2016 submission – Atlantic salmon 

Model 

parameter 

Original 

parameter value 

(8 July 2016) 

Realistic best case Realistic worst case Distribution 

STRIKERv.5TM 

injury rate 

All – mean value 

from 

STRIKERv.4TM 

injury rate 

Smolt – mean=0.95%, SD=0.63% 

1SW – mean=6.36%, SD=4.7% 

MSW – mean=7.90%, SD=5.10% 

Kelt – mean=6.93%, SD=4.48% 

All lifestages use distribution from STRIKERv.5TM injury rate as reported in THA Aquatic (May 2017) 

Rationale  

 

Monte Carlo analysis of the STRIKERv.5TM injury rate model has been conducted to account for individuals passing between the hub and tip of the turbine, the orientation of the individual, 

length-distribution of the individual and associated mutilation ratio variation, and the tidal state over the year. No variation for pressure and shear injury rates has been included as these 

factors are reduced to near zero in the turbines being used for TLSB, calculated from computational fluid dynamic modelling undertaken by GE-Andritz Hydro (TLSB, 2015). 

 

Population 

range 

(excluding 

lagoon area) 

 

 

All – area of 

Swansea Bay – 

11,614ha 

All – population range for all Atlantic salmon lifestages, (all migratory), are set based for each model iteration on straight line progression rates over 1 tide for the chosen 

swimming speed (combining fish length and bls-1 swim speed). This is then used as the radial distance from each river mouth (Tawe, Neath and Afan). Individual population 

areas are then calculated by taking the area of a circle with a radius of the straight line progression rate over 1 tide, and origin at the river mouth. Fish present within the 

population area for >1 tide as set by the duration of presence parameter are then subject to greater wandering behaviour (tortuosity). 

Rationale  

 

It is assumed that fish entering or leaving the Tawe, Neath or Afan must pass through this area whilst migrating in order to complete their life-cycle. Where the calculated population range is 

smaller than the area from the river mouth that overlaps with the turbine and sluice gate housing structure, the encounter rate is zero. Individual population ranges are set for each lifestage 

based on swimming speeds, for each model iteration. 

 

 

 

 

Duration of 

presence 

Smolt – 14 tides 

 

Smolt – geometric distribution (the probability distribution of the number X of Bernoulli trials (attempting to leave population range) needed to get one success (leaving 

population range), with a mean of 2 tides (p=0.5) 
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Model 

parameter 

Original 

parameter value 

(8 July 2016) 

Realistic best case Realistic worst case Distribution 

 

1SW, MSW, Kelt – 

60 tides 

 

1SW, MSW, Kelt – log-normal distribution (mean=7.2 tides, SD=100 tides)  

Rationale  

 

The original ADZ model (v.1) submitted by TLSB in July 2016 sought to model a particular scenario for salmon and sea trout adults, whereby those fish that returned to Swansea Bay showed 

straying, wandering or searching behaviour and were subsequently delayed in their migration. Therefore, their population range was set as Swansea Bay and their duration of presence was set 

as 60 tides (30 days). This is a precautionary scenario in that many individuals will not show this behaviour and will enter the rivers with less delay on their inward migration or leave Swansea 

Bay more swiftly whilst migrating out to sea (e.g. with greater directedness). In altering the population range to try to incorporate a wider range of migratory behaviours as suggested by NRW 

(TE) and Cefas, the duration of presence within the model must also be adjusted. 

 

Smolt 

The review by Drenner et al. (2012) concluded that Atlantic salmon post-smolts tend to move actively and rapidly through coastal waters on the continental shelf during outward migration to 

the ocean. From a study in the Bay of Fundy, LaCroix and McCurdy (1996) found that post-smolts left the release area rapidly, and the majority moved to open waters of the Bay within several 

tidal cycles. Thorstad et al. (2012) commented that Atlantic salmon post-smolt movement patterns during the first phase of the coastal migration are complex, with some post-smolts taking a 

direct route towards the sea and others moving in different directions over short spatial and temporal scales. The migration, however, is an active process, with an overall seaward vector and 

progression rates for example, from the River Deveron of 37km day-1 (Lothian, 2016); from the Bay of Fundy, Canada, of between <10 km day−1 and >30 km day−1 and in Narraguagus Bay, U.S.A 

of 17–24 km day−1 (studies referenced by Thorstad et al. 2012). Progression rates of this nature would result in smolts passing the turbine and sluice gate housing structure within two tides. A 

geometric distribution with a mean of 2 tides (1 day) is therefore considered appropriate to account for the majority leaving swiftly but also for the potential for any smolts to be held up in their 

early post-smolt migration by other factors independent of the lagoon (as the distribution will have a maximum duration of presence of 50 tides). 

 

1SW, MSW, Kelt 

The key consideration here is the passage of returning migrants through Swansea Bay and into the estuaries. Fish remaining within the estuary will not be at risk of encountering the turbine 

and sluice gate housing structure. The majority of studies cited by NRW (TE) and Cefas in their responses of 27/28 February 2017 (e.g. Tawe tracking, Taff tracking and South West England 

studies) relate to the entry of fish from the estuary into freshwater upstream, where it is understood that they may either be delayed by anthropogenic structures (e.g. barrages) or naturally 

hold upon entering freshwater during a phase of quiescence. 

 

For TLSB, movement into freshwater is not relevant when parameterising the duration of presence within the model, as it is the duration of movement from the sea into the estuary, through 

Swansea Bay, that is critical. From the local identified examples of fish being tagged in marine environment and tracked back to the estuary, such as the Cardiff Bay (pre-barrage studies), Tawe 

(pre-barrage studies), Usk tagging and tracking studies, Dee Estuary tagging and tracking and TLSBs own tagging and tracking work in Swansea Bay (Aprahamian et al. (1988), Aprahamian et al. 

(1990), Gough and Jones (1991), TLSB (2017), Purvis et al. (1994) and Mills et al. (1991)), all show rapid entry to estuaries or freshwater for the majority of fish. In the Taff pre-barrage study, for 

example, 6 out of seven fish returned in less than 10 days (Mills et al., 1991), and in TLSB’s tagging and tracking of five adult salmonids in Swansea Bay, fish spent on average 7.2 tides in 

Swansea Bay before being detected in the local estuaries (TLSB, 2017). Tagging and tracking in 1988 of adult salmon released in the Tywi estuary (width c.3.2km), showed individuals taking a 

median of 77 hours to enter freshwater (16km upstream) with 75% passing within 7 days (Clarke et al., 1992). Tagging and tracking of adult salmon in the Dee Estuary (width c.10.5km), found 

that of the salmon tracked from the outer/mid estuary, the median travel time to freshwater was 90 hours (Purvis et al., 1994). Finally, salmon tagging studies on the River Usk showed that of 

119 fish released in 1988/89, 47 fish left the estuary after tagging. Only 12 returned – all within one month and 7 in less than 3 days. In addition, 90% of the fish that reached freshwater did so 

within 100 hours. (Mills et al., 1991). 
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Model 

parameter 

Original 

parameter value 

(8 July 2016) 

Realistic best case Realistic worst case Distribution 

 

Furthermore, wider studies also suggest that movement into estuaries for the majority of individuals is swifter than modelled within the original ADZ models. Hawkins et al. (1978) studied the 

time taken for tagged Atlantic salmon grilse caught in the sea in Montrose Bay on the east coast of Scotland to enter local estuaries / rivers. The movements of six grilse were studied, and three 

of these entering the river North Esk, c.5km from the release point at Rockhall station after 23 minutes, c.12.5 hours and c.27.5 hours respectively. The remaining three individuals were lost 

from detection however as the individuals were caught at sea it was not known which river each fish was destined for so those individuals where detection was lost may have moved away from 

the study area and headed to other rivers rather than just holding offshore. Davidsen et al. (2013) also found mean progression rates of returning adult salmon of approximately 10km day-1 

before they then slowed in their progression as they entered the estuaries. In progressing c. 10km day-1 on average, returning individuals would pass through Swansea Bay in less than 2 tides 

(1 day).  

 

Salmon entry into freshwater is understood to be stimulated by increases in river flows (freshets / spates).  The long-term (1958-2014) flow data for the River Tawe at Ynystanglws gauging 

station has been examined and, a 6” (15.24cm) water level rise above the mean summer level of each year is considered to be sufficient to trigger river entry and upstream migration of 

returning adult Atlantic salmon, with sea trout expected to migrate upstream on a much wider range of flows (pers comm Dr G.Harris). The summer period for this analysis was defined as 1st 

June to 1st September, and the durations between sufficient river flows has been calculated for the period 1st March to 1st November.  The analysis of the data has shown that the median 

period between sufficient flows is 6 tides and a probability distribution of results is below, showing a clear skew towards shorter durations between potential suitable run conditions: 

 
A log-normal distribution with a mean of 7.2 tides (3.6 days), given the range of evidence presented above, is therefore considered appropriate and representative to account for the majority of 

individuals entering the estuaries swiftly but also for the potential for adults to be held up in their migration by other factors independent of the lagoon (the distribution will have a maximum 

duration of presence of more than 100 tides using a standard deviation of 100 tides).  
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Model 

parameter 

Original 

parameter value 

(8 July 2016) 

Realistic best case Realistic worst case Distribution 

Seasonal 

presence 

Smolt – May 

1SW/MSW – 

directly from 

Panteg Weir trap 

data (1991-2002) 

(EA, 2002) 

Kelt – mid-

October to mid-

February  

Rationale  

 

Smolt - Smolt run modelled to commence in mid-March, with a peak in April and May, and end in mid-June. 

1SW/MSW - Returning 1SW and MSW adult migrant seasonal distribution modelled based on catch timings from Panteg Weir trap (1991-2002) (EA, 2002) and moved forward a month to 

account for travel time from Swansea Bay upstream to Panteg weir. The original (July 2016) submission used the dates that fish were caught at Panteg Weir and Cefas acknowledged that 

allowing for a delay in travel was appropriate (Cefas, 4/1/17) when considering end of season cut-off dates.  

Kelt - Kelt run modelled to commence in mid-October, with a peak in December and end in mid-February. 

 

Fish length Smolt – 0.158m 

1SW – 0.651m 

MSW – 0.776m 

Kelt – 0.70m 

Smolt – normal distribution (mean=0.15m, SD=0.0125m) 

1SW – normal distribution (mean=0.651m, SD=0.047m) 

MSW – normal distribution (mean=0.776m, SD=0.061m) 

Kelt – normal distribution (mean=0.70m, SD=0.052m) 

Rationale  

 

Smolt - Smolt length based on indicative length of post-smolt. 

1SW/MSW - Returning 1SW and MSW adult migrant lengths based on catch data from Panteg Weir trap (1991-2002) (EA, 2002). 

Kelt - Kelt length based on value between 1SW and MSW individuals given that kelts will be a mixture of 1SW and MSW individuals post-spawning. 

 

Swim speed 

(and 

equivalent 

draw zone 

size) 

Smolt – 1.2ms-1 

1SW, MSW, Kelt – 

1.2ms-1 

Smolt – 2.3 bl s-1 

Adult – 1.5 bl s-1 

Smolt – 0.53bl s-1 

Adult – 0.5bl s-1 

Smolt – uniform 

Adult – uniform 

Rationale  
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Model 

parameter 

Original 

parameter value 

(8 July 2016) 

Realistic best case Realistic worst case Distribution 

Smolt 

The EA Fish Pass Manual (EA, 2004) suggests salmonid (trout) sustained swim speeds of 9.1 bls-1 for individuals of smolt size (c.15cm length). 

Evidence presented by Cefas for swim speeds of Atlantic salmon smolts (Vollset et al. (2016); LaCroix and McCurdy (1996)) are not appropriate studies for use in setting Atlantic salmon smolt 

swim speeds as they either refer to progression rates of smolts whilst migrating, or the studies are undertaken in environments with high tidal flow thus requiring the use of a correction from 

ground speed to swim speed. Using progression rates as a proxy for swim speeds is not appropriate as such rates are calculated from straight-line transit times between distant points so are 

an underestimate of actual swim speeds. Progression rates are more relevant for the ‘Duration of presence’ parameter as described above. Use of evidence from high tidal flow speed 

environments is not comparable as tidal flow is limited in Swansea Bay to a baseline of predominantly <0.2ms-1 (apart from the areas influenced by the lagoon). Therefore, it is not appropriate 

to apply a reduction from ground speeds to swim speeds based on studies from areas with faster tidal flows such as LaCroix and McCurdy (1996), which is from a bay off the Bay of Fundy that 

is constrained and narrow therefore enhancing tidal flow into and out of the bay. Swim speeds are likely to be very different in these environments, where fish either have to swim against the 

current to maintain position or enter fast flowing currents to make advances in migration. 

Use of swim speeds from Thorstad et al. (2012) as suggested by NRW appears reasonable however care must be taken to use the swim speeds rather than the progression rates quoted. 

Quoted progression rates during the early marine migration vary between 0.4 and 3.0 bl s-1 relative to the ground. Swimming speeds quoted are between 1.2 and 4.4bl s-1. Drenner et al. (2012) 

found swim speeds of smolts to be between 0.53-4 bl s-1 and Tang and Wardle (1992) found sustained swimming speeds for Atlantic salmon smolts to be approximately 3.6 bl s-1. Furthermore, 

Moore (1998) found smolt swim speeds from tracking to be 1.2 bl s-1 and Moore et al. (1997) found smolt swim speeds to be 4.8 bl s-1. Finally, Renkawitz et al. (2012) found mean swim speeds of 

post-smolts of 4.04±2.68 and 4.14±2.68bls-1 in Penobscot Bay, Maine. Taking into account that estimates of swimming speeds presented by EA (2004), Tang and Wardle (1992) and the 

maximum value from Thorstad et al. (2012) are maximum sustained swimming speeds (MSSS), the values from Renkawitz et al. (2012) and Vollset et al. (2016) are ground speeds, a range of 

between 0.53 and 2.3bl s-1 is therefore considered appropriate for use. 

 

1SW, MSW, Kelt 

The EA Fish Pass Manual (EA, 2004) suggests salmonid (trout) sustained swim speeds of between 5.3 and 7.2bl s-1 for individuals of adult size (>30cm in length). 

Evidence presented by Cefas for swim speeds of Atlantic salmon adults (Smith and Smith, (1996); Davidsen et al. (2013)) are not appropriate studies for use as they either refer to progressions 

rates of adults whilst migrating or are in environments with high tidal flow thus requiring the use of a correction from ground speed to swim speed. Using progression rates for swim speeds is 

not appropriate as they are calculated from straight-line transit times between distant points so are an underestimate of actual swim speeds. Progression rates are more relevant for the 

‘Duration of presence’ parameter as described above. Use of evidence from high tidal flow speed environments is not comparable as tidal flow is limited in Swansea Bay to a baseline of 

predominantly <0.2ms-1 (apart from the influence of the lagoon). Therefore, it is not appropriate to apply a reduction from ground speeds to swim speeds based on studies from areas with 

faster tidal flows such as Smith and Smith (1996) from the Aberdeenshire River Dee, which is constrained and narrow therefore enhancing tidal flow speeds. Swim speeds are likely to be very 

different in these environments, where fish either have to swim against the current to maintain position or go with fast flowing currents to make advances in migration. 

Drenner et al. (2012) suggests an average swim speed of 1bl s-1 for Atlantic salmon adults. Tang and Wardle (1992) found sustained swimming speeds for Atlantic salmon adults to be 

approximately 2bl s-1. Booth et al. (1997) found Atlantic salmon adults (55-60cm in length) to have sustained swimming speeds of over 1ms-1 (1.67bl s-1) and Hawkins et al. (1978) found 

returning Atlantic salmon adults to swim at between 0.5 and 0.8bl s-1. Considering that Tang and Wardle (1992) present MSSS, a range of between 0.5 and 1.5bl s-1 swim speed is therefore 

considered appropriate for use, the lower value from Hawkins et al. (1978) and the upper value from Drenner et al. (2012) who found a mean swimming speed of 1bls-1. 

 

Avoidance 

factor 

All – No 

avoidance factor 

applied 

All – 99% avoidance All – 28.5% avoidance All – uniform 

Rationale  
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Model 

parameter 

Original 

parameter value 

(8 July 2016) 

Realistic best case Realistic worst case Distribution 

 

See Alternative Fish Impact Assessment - Addendum 2: Turbine Avoidance Behaviour of Fish (TLSB, 2017). 

 

Draw Zone 

area 

All - Area of draw-

zone based on 

peak velocity 

through tidal 

cycle. 

Equations developed linking swim speed and Draw Zone area to allow more accurate setting of Draw Zone area for specific swim speeds.  

 

Range of Draw Zone areas across the tidal cycle included from hydrodynamic modelling.  

 

Volumetric approach used for very slow swim speeds (<0.2ms-1). 

Rationale  

 

During turbine and sluice operations water velocities and subsequently draw zone size, will vary throughout the tidal cycle. The peak draw zone areas were used for the original ADZ 

deterministic model submitted on 8 July 2016. A table of values for peak and average areas of the draw zone used were provided in TLSBs submission on 8 July 2016 and is reproduced below: 

 

 
The volumetric approach has been used for individuals of swim speeds of less than 0.2ms-1. The corresponding draw zone is of such a low flow rate that it is indistinguishable from the baseline 

tidal flows found in Swansea Bay. It is therefore assumed in this case that fish present in the volume of water which enters the lagoon from the Bay (approximately 4% of Swansea Bay) will 

encounter the turbine and sluice gate housing structure. Conversely, when the lagoon empties on the ebb tide the volume of water leaving is also used (and equates to approximately 50% of 

the lagoon volume).   

 

Generating 

period 

Flood generation 

– 14,400 seconds 

Flood sluicing – 

1,800 seconds 

Distributed between actual operating periods of the turbines and sluices over a complete year. 
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Model 

parameter 

Original 

parameter value 

(8 July 2016) 

Realistic best case Realistic worst case Distribution 

Ebb generation - 

14,400 seconds  

Ebb sluicing – 

1,800 seconds 

Rationale  

 

During turbine operation the length of the electricity generating phase will vary, as will the period that the sluices are open, both varying according to the size of the tide (larger tides = longer 

generating period). The parameter is now distributed between the actual times of the generating periods over a year. 

 

Age structure 1SW – 90.54% 

MSW – 9.46% 

1SW – 67.30% 

MSW – 32.70% 

1SW – 52.40% 

MSW – 47.60% 

All – uniform 

Rationale  

 

Range taken from lowest and highest 1SW:MSW ratios from Tawe rod EDR assessments from 2011 to 2015. 

 

Fecundity 1SW – 4546 

eggs/female 

MSW – 6,293 

eggs/female 

1SW – 4,773 eggs/female 

MSW – 7,143 eggs/female 

1SW – 4,546 eggs/female 

MSW – 6,293 eggs/female 

All – uniform 

Rationale  

 

Range taken from lowest and highest fecundity values from Tawe rod EDR assessments from 2011 to 2015. 

Sex ratio 

(Proportion 

of female fish 

shown) 

1SW – 0.49 

MSW – 0.42 

1SW – 0.45 

MSW – 0.45 

1SW – 0.55 

MSW – 0.55 

All – uniform 

Rationale  

 

Range from Tawe rod EDR assessments from 2011 to 2015 (which only provides a single value for sex ratios for 1SW and MSW salmon) and Panteg Trap data 1991-2000 is very small. A range 

between 0.45 and 0.55 females is therefore proposed for both lifestages to model a wider range. 
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Model 

parameter 

Original 

parameter value 

(8 July 2016) 

Realistic best case Realistic worst case Distribution 

Cut-off dates 1st December for 

adult salmon. 

1st July for salmon 

smolts 

No range proposed. 

1st November for adult salmon but also with adjusted seasonal distribution for travel time from Swansea Bay to Panteg (i.e. moved forward by the same period of one 

month). Cefas acknowledge that this is an appropriate adjustment in their response to NRW (PS) on 4/1/17.  

16th June for salmon smolts, but also with adjusted seasonal distribution of smolt run to mirror observations from the River Afan (from mid-March to mid-June) with a peak 

in April and May as suggested by Cefas. 

Rationale  

 

It is acknowledged that fish held in the lagoon after a particular date may not be able to continue upstream to spawn. Whilst this cannot be confirmed a cut-off date was proposed by TLSB as a 

precautionary measure. Fish are still known to ascend rivers in December (albeit in lower numbers) and TLSB are not aware of evidence which suggest that they do not spawn successfully as a 

consequence. Tywi salmon tracking studies in the late 1980s relied on salmon caught in the seine nets in the Tywi estuary and had their highest catch rate in December indicating the late 

running of fish outside the fishing season (Clarke et al, 1992). Cefas and NRW (TE) acknowledge that there is a time lag between fish leaving Swansea Bay, negotiating the barrage, entering 

freshwater, and travelling upstream to Panteg and ascending the fish pass. Data from fish tagging and tracking showed that fish could take up to 19 days just to negotiate the barrage and 

ascend the Tawe to the head of the impoundment (Beaufort Weir). It is widely recognised that salmon and sea trout enter a quiescent phase upon entering freshwater hence assuming a 

period of one month delay between Swansea Bay and Panteg Trap is not unreasonable. For sea trout on the River Tywi this quiescent period varied from 5.1 to 144 days during the period 

1988-1990 (Evans et al., 1994). 

 

Retention 

time 

parameter 

All - Not applied All - Not applied 

 

Rationale  

 

The inclusion of a retention time parameter has been suggested by NRW (TE) in their response of 28 February 2017, and by Cefas in previous responses however no comparable or relevant 

evidence is provided for its inclusion and none has been identified from literature reviews. Therefore, use of a cut-off date is proposed, as above. 

 

Previous papers cited by NRW (TE) and Cefas for inclusion of a retention time parameter include McCormick et al. (1998), Solomon (1999) and Thorstad et al. (2012). McCormick et al. 

(1998) reviews the freshwater lifestages of Atlantic salmon from birth up to smolting and seawater entry, the nature of the smolts migration through freshwater, and the different factors that 

affect their window of opportunity to migrate from the river (physiologically and environmentally). It therefore does not provide a large amount of discussion of impacts upon smolts after they 

have left the rivers/estuaries and are in the open ocean. The paper briefly discusses the post-smolt stage, concluding that the timing of post-smolt migration (and the decision to migrate) is 

closely linked to environmental conditions. The warmer the conditions, the less chance of success. The paper also briefly mentions that another effect on smolt survival is the need to migrate 

over or around dams and that falling from height whilst doing this may affect wider chances of survival. The barriers referred to in the paper are those that an individual has to cross as part of 

its migration, rather than a structure that is offline to the desired migratory route of an individual. TLSB is not a barrier to migration. No discussion or empirical evidence is provided within the 

paper of the effects of delay during the post-smolt stage from structures blocking the migratory route, or in the case of TLSB, structures offset from the migratory route.  More specifically, no 

discussion is given to the effects on individuals once they have begun their post-smolt migration, or any likelihood of smolts actively moving off their migratory route into this area to be delayed, 

given that they have no migratory ambition to be within this area. As the paper only takes into account smolts, provides no empirical evidence of delay effects, and is not considering a 

comparable situation in the barriers it is reviewing, then it is not considered appropriate for use in setting a retention time parameter.  
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Model 

parameter 

Original 

parameter value 

(8 July 2016) 

Realistic best case Realistic worst case Distribution 

 

Solomon (1999) reviewed six radio tracking studies undertaken on rivers in south west England predominantly to assess the impacts of water resources schemes. Conclusions were drawn 

about the effect of partial barriers to migration from the tracking.  The findings of this study also does not appear to be comparable to the scenario being considered for TLSB. Thorstad et al. 

(2012) again provides a review of behaviours and survival during the smolt and post-smolt lifestages of Atlantic salmon, and suggests a range of anthropogenic factors that may affect smolt and 

post-smolt behaviour and survival, noting river hydropower as a key factor. As discussed above, TLSB is not a barrier across a river or estuary as all other hydropower or barrage developments 

within the study are, and an individual does not have to pass through the turbines, over a weir or down a spillway or fish pass as part of its natural migration.  

 

Thorstad et al. (2012) does not provide any empirical evidence of a period of time that, should a fish be delayed for, would have a detrimental effect. They conclude that ‘there are few published 

studies of smolt migration related to other river regulations and man-made installations than those related to hydropower development and estuarine barrages’. In the case of TLSB, as the lagoon does 

not barrage across a river or create a blockage or weir on a migratory route then comparisons with run-of-river hydropower or estuarine barrages in this manner are not valid. Cut-off dates 

have been included to address the impact of delayed migration for Atlantic salmon smolts and inward migrating adults, and sea trout inward migrating adults, if they remain within the lagoon 

beyond a point that it is considered they will be impeded in their ability to migrate to their feeding or spawning grounds. As previously discussed, predation effects were assessed as part of the 

ES and attempts at quantification have not been made due to the uncertainties described and lack of comparable empirical evidence. Thorstad et al. (2012) also suggests that Atlantic salmon 

smolts emigrate rapidly from the freshwater environment and into the sea generally using an ebbing tide within the estuary. If migration occurs during this period then the only period of risk of 

entry into the lagoon is within the two hours during the start of the ebb tide when flood generation, sluicing and pumping is ongoing. This risk is also further reduced because the smolts will be 

within the surface layers of Swansea Bay, and there will be a minimum of 5 meters of water above the top of the turbine inlets. This vertical variation has not been included within the models. 

Following the short period of generation when smolts would be at risk of encounter, the lagoon is either in holding or ebb generation mode periods when the smolts will be unable to enter 

through the turbines and would not be at risk of turbine encounter. The assessment presented herein is, therefore, precautionary in this regard. In addition, there is a substantial body of 

evidence that now suggests that warming river temperatures during both migratory (summer) and spawning (winter) periods, is a key cause of delays to Atlantic salmon migrations and failure of 

spawning (e.g. Baisez et al. (2011), Clews et al. (2010)) and therefore impacts on Welsh salmonid populations are likely to occur from a changing climate, through either a shift in range or 

reduction in abundance, without any action to tackle human-sources of greenhouse gas emissions (primarily generation of energy). Thorstad et al. (2012) also acknowledges the potential effect 

of climate change on smolt migrations, through delayed migrations and declining marine survival rates. 

 

 

 

Diurnal 

Behaviour 

All – not applied All – not applied 

Not applied 
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3.2 Sea Trout (Salmo trutta) 

Table 3.2 Distribution of parameters for Monte Carlo analysis and original parameter values in 8 July 2016 submission – sea trout 

Model 

parameter 

Original 

parameter value 

(8 July 2016) 

Realistic best case Realistic worst case Distribution 

STRIKERv.5TM 

injury rate 

All – mean value 

from 

STRIKERv.4TM 

injury rate 

Smolt – mean=1.22%, SD=0.81%. 

Whitling Migrant and Kelt – mean=3.33%, SD=2.16%. 

1SW Migrant and Kelt – mean=4.89%, SD=3.19%. 

2SW Migrant and Kelt – mean=5.75%, SD=3.74%. 

3SW Migrant and Kelt – mean=6.47%, SD=4.18%. 

4SW Migrant and Kelt – mean=6.79%, SD=4.38%. 

5SW Migrant and Kelt – mean=7.54%, SD=4.86%. 

6SW Migrant and Kelt – mean=7.54%, SD=4.86%. 

7SW Migrant and Kelt – mean=7.54%, SD=4.86%. 

All lifestages use distribution from STRIKERv.5TM injury rate as reported in THA Aquatic (May 2017) 

Rationale  

 

Monte Carlo analysis of the STRIKERv.5TM injury rate model has been conducted to account for individuals passing between the hub and tip of the turbine, the orientation of the individual, 

length-distribution of the individual and associated mutilation ratio variation, and the tidal state over the year. No variation for pressure and shear injury rates has been included as these 

factors are reduced to near zero in the turbines being used for TLSB, calculated from computational fluid dynamic modelling undertaken by GE-Andritz Hydro (TLSB, 2015). 

 

Population 

range 

(excluding 

lagoon area) 

Smolt, Whitling-

7SW Migrant and 

Kelt – area of 

Swansea Bay  

(11,614ha) 

Smolts, Whitling-7SW Migrants and Kelts – population range for migratory sea trout lifestages (smolts, returning whitling/adult migrants, whitling/adult kelts) are set 

based for each model iteration on straight line progression rates over 1 tide for the chosen swimming speed (combining fish length and bls-1 swim speed). This is then 

used as the radial distance from each river mouth (Tawe, Neath and Afan). Individual population areas are then calculated by taking the area of a circle with a radius of 

the straight line progression rate over 1 tide, and origin at the river mouth. Fish present within the population area for >1 tide as set by the duration of presence 

parameter are then subject to greater searching/wandering behaviour and migratory tortuosity. 
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Model 

parameter 

Original 

parameter value 

(8 July 2016) 

Realistic best case Realistic worst case Distribution 

Resident – 

531,910ha 

 

 

Residents – 2,875,000ha

 

Resident – Population range of preceding migratory lifestage 

 

Resident - uniform 

Rationale  

 

Smolt, Whitling-7SW Migrant and Kelt - It is assumed that fish entering or leaving the Tawe, Neath or Afan must pass through this area while migrating. Where the calculated population 

range is smaller than the area from the river mouth that overlaps with the turbine and sluice gate housing structure, the encounter rate is zero. Individual population ranges are set for 

each lifestage based on swimming speeds, for each model iteration. 

 

Resident 

Realistic worst case 

For resident sea trout, the population range of the preceding migratory lifestage is used as the realistic worst case. 

 

Realistic best case 

For resident sea trout, an area into the Celtic Sea has been set as the realistic best case as information from the Celtic Sea Trout Project (CSTP) (CSTP Technical Report, 2016, Figure 7.7.21) 

suggests that a proportion of sea trout from the Bristol Channel (e.g. the Tywi) stay within the Bristol Channel as residents and a proportion migrate much further afield throughout the Irish 

Sea. Furthermore, the proceedings of the Sea trout workshop held by Welsh Water and the Atlantic Salmon Trust in 1984 presented evidence of the distribution of sea trout from UK rivers. 

These studies reported individuals from rivers on the east coast being found far into the North Sea and on the coasts of the Belgium, Holland, Denmark and Norway, and also that 

individuals tagged from the River Axe were recaptured from North Cornwall to the Solent, indicating a wide ranging distribution of sea trout during their marine residency phase.  The 

population range chosen for residents encompasses the areas where the highest density of individuals are modelled to occur from the CSTP (the Bristol Channel and into the Irish Sea) so a 

uniform distribution is considered appropriate. 

 

Smolt – 14 tides Smolt - log-normal distribution (mean=10 tides, SD=100 tides) 
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Model 

parameter 

Original 

parameter value 

(8 July 2016) 

Realistic best case Realistic worst case Distribution 

Duration of 

presence 

 

Whitling-7SW 

migrant and kelt 

– 60 tides 

 

Resident – 

present year 

round 

Whitling-7SW migrant and kelt – log-normal distribution (mean=10 tides, SD=100 tides)  

Resident – present year round apart from when migrating or in river to spawn, no range proposed 

Rationale  

 

The original ADZ model (v.1) sought to model a particular scenario for salmon and sea trout adults, those that returned to Swansea Bay but showed straying/wandering/searching 

behaviour and were delayed. Therefore the population range was set as Swansea Bay and the duration of presence was set as 60 tides (30 days) to model this particular behaviour. This is a 

precautionary scenario in itself in that many will not show this behaviour and will enter the rivers swiftly. In altering the Population range to try to model a wider range of behaviours, the 

duration of presence must also be adjusted. 

 

Smolt 

Studies by Aldvén et al. (2015) and Aarestrup et al. (2014) have shown from studies in Scandinavian fjords that sea trout progression rates to be in the order of 1-20km day-1 and 0.5-16km 

day-1 whilst migrating. Whilst not being a directly comparable geography to Swansea Bay, it nonetheless provides some evidence for migration speeds of adult sea trout and the use of a 

short duration of presence of individuals within Swansea Bay as they will migrate through this area quickly and into the Bristol Channel.  

 

Finstad et al. (2005) suggests a migration rate of between 0.11 and 2.6bls-1 for sea trout smolts, which is considerably quicker than the rates cited by Cefas in their correspondence of 10 

April 2017 (which are the same studies cited by TLSB of 1-20km day-1 and 0.5-16km day-1). Aldven (2016) cited a variety of studies of migration speeds within fjord systems, varying between 

and within study sites, with a range from 0.003 to 0.56 bls-1 (Thorstad et al. 2004, 2007, Finstad et al. 2005, Aarestrup et al. 2014). Finstad (2005) recorded a gradual increase in migration 

speed of trout as they moved out towards the sea, whereas Aarestrup et al. (2014) and Aldvén et al. (2015) found a gradual decrease in migration speeds when the post-smolts progressed 

towards the sea.  

 

Considering the above, and the figures quoted by Cefas, a mean figure around the lower rate from Finstad et al. (2005), 0.11bls-1, is considered reasonable. For a 20cm smolt, this means it 

would take c. 5 days (10 tides) to cover a 10km radial distance from the river mouth. Using this as the mean of a log-normal distribution, and a standard deviation of 50 days (100 tides) will 

incorporate the range of swifter progression rates from Aldven (2016) and Finstad et al. (2005), and the slower progression rates from Finstad et al. (2005), Aldven et al. (2015) and Aarestrup 

et al. (2014) within the distribution. A log-normal distribution with mean of 10 tides (5 days) and standard deviation of 100 tides (50 days) is therefore proposed to account for the range in 

progression rates to set the number of tides present. 

 

Whitling-7SW Migrant and Kelt 

The key consideration here is the passage of returning migrants through Swansea Bay and into the estuaries of the Tawe, Neath and Afan. Once within the estuaries they are not at risk of 

encountering the turbine and sluice gate housing structure. The majority of studies cited by NRW (TE) and Cefas in their responses of 27/28 February 2017 (e.g. Tawe tracking, Taff tracking, 

South West England studies) relate to the entry of fish from the estuary into freshwater upstream, where it is understood that they may either delayed by anthropogenic structures (e.g. 

barrages or weirs) or naturally hold upon entering freshwater during a phase of quiescence. For TLSB, movement into freshwater is not relevant when parameterising the duration of 
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Model 

parameter 

Original 

parameter value 

(8 July 2016) 

Realistic best case Realistic worst case Distribution 

presence within the model, but it is the duration of movement from the sea into the estuary, through Swansea Bay that is critical. From the local examples identified of fish being tagged in 

the marine environment and tracked back to the estuary, these all show rapid entry to freshwater of majority of fish. 

 

From tagging and tracking conducted by TLSB in Swansea Bay, fish spent on average 7.2 tides (3.6 days) in Swansea Bay before being detected in freshwater (TLSB, 2017). Tagging and 

tracking of adult sea trout in the  Tywi Estuary (width c.3.2km) over 16km, from 1989 to 1991 found that, of 171 sea trout tagged, the median travel times for entry into freshwater was 91.3, 

134.8 and 134.4 hours for 1989, 1990 and 1991 respectively. 64% of fish entered within 7 days and 83% within 14 days and the probability of entry decreased exponentially with time 

(Evans et al., 1994). Studies by Aldven et al. (2015) and Aarestrup et al. (2014) have shown sea trout progression rates to be in the order of 1-20km day-1 and 0.5-16km day-1 whilst migrating. 

This provides evidence for use of a short duration of presence of individuals within Swansea Bay (i.e. modelled with a geometric distribution) as they will migrate through this area quickly. 

 

A log-normal distribution (rather than a geometric distribution) with a mean of 5 days/10 tides is proposed, considering the comments made by Cefas for salmon on 10 April 2017 and the 

evidence from tagging and tracking studies from around the Welsh coast previously presented. Using a similar standard deviation as for smolts (50 days/100 tides) will incorporate a wide 

range of durations within the distribution. 

 

Resident 

No range proposed. Population present year-round minus the durations of presence of migration as smolts/kelts and inward migrants, and the duration in the rivers while spawning. 

 

Seasonal 

presence 

Smolt – May 

1SW-7SW 

migrant– directly 

from Panteg Weir 

trap data (1991-

2002) (EA, 2002) 

Kelt – mid-

October to mid-

February 

Resident – 

present year-

round apart from 

spawning 

 
Note that smolts are modelled to run from the second half of March to the first half of May. 
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Original 

parameter value 

(8 July 2016) 

Realistic best case Realistic worst case Distribution 

  

Rationale  

 

Smolt run modelled to commence in mid-March and end in mid-May. 

Returning whitling-7SW adult migrants seasonal distribution modelled on catch timings from Panteg Weir trap (1991-2002) (EA, 2002) and moved forward a month to account for travel time 

from Swansea Bay upstream to Panteg weir. 

Kelt run modelled to commence in mid-October, with a peak in December and end in mid-February. 

Residency duration considers proportion of time between leaving river as smolt/kelt and re-entering as whitling-7SW migrant to spawn including fish that spend more than one full year at 

sea before returning for spawning e.g. a 1SW spawner my return for  second spawning as a 4SW fish and is assessed as a ‘resident’ for the intervening years.  

 

Fish length Smolt – 0.1725m,  

Whitling migrant, 

resident and kelt 

– 0.389m 

1SW migrant, 

resident and kelt 

– 0.527m 

2SW – 0.602m  

3SW – 0.662m 

Smolt – normal distribution (mean=0.18m, SD=0.019m) 

Whitling migrant, resident and kelt – normal distribution (mean=0.389m, SD=0.029m) 

1SW migrant, resident and kelt – normal distribution (mean=0.527m, SD=0.0482m) 

2SW migrant, resident and kelt – normal distribution (mean=0.602m, SD=0.0481m) 

3SW migrant, resident and kelt – normal distribution (mean=0.662m, SD=0.0429m) 

4SW migrant, resident and kelt – normal distribution (mean=0.689m, SD=0.0443m) 

5SW migrant, resident and kelt – normal distribution (mean=0.749m, SD=0.0435m) 

6SW migrant, resident and kelt – normal distribution (mean=0.749m, SD=0.0435m) 

7SW migrant, resident and kelt – normal distribution (mean=0.749m, SD=0.0435m) 
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Original 
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(8 July 2016) 

Realistic best case Realistic worst case Distribution 

4SW – 0.688m  

5SW – 0.750m 

6SW – 0.750m 

7SW – 0.750m 

 

Rationale  

 

Smolt length based on indicative length of post-smolt. 

Whitling-7SW adult migrant, resident and kelt lengths based on catch data from Panteg Weir trap (1991-2002) (EA, 2002). 

 

Swim speed 

(and 

equivalent 

draw zone 

size)  

Smolts – 1.2ms-1 

Adults – 1.2ms-1  

Smolt – 2.3 bl s-1 

Whitling-7SW migrant and kelt – 1.5 bl s-1 

Resident – 1.0bls-1 

Smolt – 0.53bl s-1 

Whitling-7SW migrant and kelt – 0.5bl s-1 

Resident – 0.4bls-1 

Smolt – uniform 

Whitling-7SW migrant and kelt – 

uniform 

Resident - uniform 

Rationale 

 

Smolts 

The EA Fish Pass Manual (EA, 2004) suggests salmonid (trout) sustained swim speeds of 9.1 bl s-1 for individuals of smolt size (c.15cm length). Drenner et al. (2012) found swim speeds of 

salmonid smolts to be between 0.53-4 bl s-1. Evidence presented by Cefas for swim speeds of sea trout post-smolts (Aarestrup et al. (2014); Aldven et al. (2015)) are not appropriate studies 

for use as they either refer to progressions rate of post-smolts whilst migrating. Using progression rates for swim speeds is not appropriate as they are calculated from straight-line transit 

times between distant points so are an underestimate of actual swim speeds. Progression rates are more relevant for the ‘Duration of presence’ parameter. Use of evidence from high tidal 

flow speed environments is not comparable as tidal flow is limited in Swansea Bay to a baseline of <0.2ms-1 (apart from the areas influenced by the lagoon). Therefore, it is not appropriate 

to apply a reduction from ground speeds to swim speeds based on studies from areas with faster tidal flows. Swim speeds are likely to be very different in these environments, where fish 

either have to swim against the current to maintain position or enter fast flowing currents to make advances in migration. A range of between 0.53 and 2.3bl s-1 is therefore considered 

appropriate for use to maintain consistency with Atlantic salmon smolt swim speeds. 

 

Whitling-7SW Migrants, Kelts 

The EA Fish Pass Manual (EA, 2004) suggests salmonid (trout) sustained swim speeds of between 5.3 and 7.2bl s-1 for individuals of adult size (>30cm in length). Bainbridge (1958) found 

sustained swim speeds of 34cm trout to be 2.7 bl s-1. Drenner et al. (2012) suggests an average swim speed of 1bl s-1 for salmonid adults. Several authors have estimated the optimal and 

preferred swimming speeds of trout/char. Kawabe et al. (2003) used the relationship between tail-beat frequency and swimming speed to estimate the ‘preferred’ swimming speed of trout 

to be between 0.48 and 0.58 bl s-1.  Tudorache et al. (2011) estimated the preferred swimming speed of brook char to be between 0.78 ± 0.02 bl s-1 and 0.95 ± 0.03 bl s-1, and Taylor et al. 

(1996) reported that the mean (± se) speeds recorded for maximal sustainable aerobic exercise were 0.52±0.02, 0.81±0.06 and 0.39±0.02 bl s-1 for rainbow trout swimming at their 

acclimatisation temperatures of 4, 11 and 18 °C, respectively. A range of between 0.5 and 1.5bl s-1 swim speed is therefore considered appropriate for use. 

 

Residents 
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Original 

parameter value 

(8 July 2016) 

Realistic best case Realistic worst case Distribution 

Acknowledging comments made by Cefas on 10 April 2017 and during the meeting on 2/3 May 2017, resident swim speeds have been reduced from the originally proposed speeds that were 

consistent with Atlantic salmon swim speeds and swim speeds of the migratory lifestages of sea trout, to a range of between 0.4bls-1 to 1.0bls-1. 

 

Avoidance 

factor 

All – No 

avoidance factor 

applied 

All – 99% avoidance All – 28.5% avoidance All – uniform  

Rationale  

 

See Alternative Fish Impact Assessment - Addendum 2: Turbine Avoidance Behaviour of Fish (TLSB, 2017). 

 

Draw Zone 

area 

All - Area of draw-

zone based on 

peak velocity 

through tidal 

cycle. 

Equations have been developed linking swim speed and Draw Zone area to allow more accurate setting of the Draw Zone area for specific swim speeds. Range of Draw 

Zone areas across the tidal cycle included from hydrodynamic modelling. Volumetric approach used for very slow swim speeds (<0.2ms-1). 

Rationale  

 

During turbine and sluice operations water velocities and subsequently draw zone size, will vary throughout the tidal cycle. The peak draw zone areas were used for the original ADZ 

deterministic model submitted on 8 July 2016. A table of values for peak and average areas of the draw zone used were provided in TLSBs submission on 8 July 2016 and is reproduced 

below: 
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The volumetric approach has been used for individuals of swim speeds of less than 0.2ms-1. The corresponding draw zone is of such a low flow rate that it is indistinguishable from the 

baseline tidal flows found in Swansea Bay. It is therefore assumed in this case that fish present in the volume of water which enters the lagoon from the Bay (approximately 4% of Swansea 

Bay) will encounter the turbine and sluice gate housing structure. Conversely, when the lagoon empties on the ebb tide the volume of water leaving is also used (and equates to 

approximately 50% of the lagoon volume).  

 

Generating 

period 

Flood generation 

– 14,400 seconds 

Flood sluicing – 

1,800 seconds 

Ebb generation - 

14,400 seconds  

Ebb sluicing – 

1,800 seconds 

 

 

 

Distributed between actual operating periods over a year. 

 

Rationale  



 

 
Tidal Lagoon Swansea Bay – Monte Carlo analysis of Alternative Draw Zone models Page 35 

TLSB_ML_Fish_June 2017_MCA  
 

 

Model 

parameter 

Original 

parameter value 

(8 July 2016) 

Realistic best case Realistic worst case Distribution 

 

During turbine operation the length of the electricity generating phase will vary, as will the period that the sluices are open, both varying according to the size of the tide. The parameter is 

now distributed between the actual times of the generating periods over a year. 

 

Age structure Lifestage 

structure from 

River Tawe 

Fisheries 

Performance: 

Annual Report 

(Environment 

Agency, 2002) 

Natural marine mortality for 1-7SW migrants normally distributed with a mean of 0.68 year-1 and a standard deviation of 0.11. 

Rationale  

 

Bespoke age structure was developed from River Tawe data (EA, 2002) for the original assessment. This shows an average marine mortality of 1SW to 7SW adults of 0.68 year-1 

approximately normally distributed with a standard deviation of 0.11 (see Table 6.10 of Alternative Fish Impact Assessment Results (TLSB, July 2016)). The age structure of the population is 

believed to have changed post-barrage construction with the loss of larger, older sea trout. If this is the case then it would reduce the overall impact as the proportion of larger fish would 

be less.   

 

Fecundity Eggs/Female 

from UK 

length/fecundity 

equation; Review 

of Sea Trout 

Fecundity R&D 

Technical Report 

W60, (Solomon, 

1997); and 

lengths 

distributed for 

each lifestage 

from Panteg Trap 

data (1991-2002) 

Eggs/Female from UK length/fecundity equation; Review of Sea Trout Fecundity R&D Technical Report W60, (Solomon, 1997); and lengths distributed for each lifestage 

from Panteg Trap data (1991-2002). Eggs/female varied for each individual fish length within the model. 

Rationale  
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(8 July 2016) 

Realistic best case Realistic worst case Distribution 

 

For age classes of sea trout, each of different sizes from River Tawe data (EA, 2002), individual fecundities have been calculated from Solomon (1997). Age structure believed to have 

changed post-barrage construction with loss of larger, older sea trout. If this is the case then it would reduce the overall impact as the proportion of larger fish would be less and thus 

overall fecundity of the population would be lower.   

 

Sex ratio Proportion of  

Females from 

Panteg Trap data 

1991-2002 

Whitling and 1-7SW Migrants and Kelts – proportion of 

females = 0.59 

Whitling and 1-7SW Migrants and Kelts – proportion of females 

= 1.00 

Whitling and 1-7SW Migrants and 

Kelts - uniform 

Rationale  

 

Bespoke sex ratios were developed from River Tawe data (EA, 2002) for the original assessment. This showed a proportion of females of between 0.59 and 1.00. 

 

Cut-off dates 

 

1st December for 

adult sea trout 

migrants 

No range proposed for MCA. 

 

Rationale  

 

As for Atlantic salmon, 1st November for adult sea trout but also with adjusted seasonal distribution for travel time from Swansea Bay to Panteg (i.e. moved forward by the same period of 

one month). 

 

Retention 

time 

parameter 

Not specified No range proposed. 

Not applied. 

The inclusion of a retention time parameter has been suggested by NRW(TE) in their response of 28 February 2017, and by Cefas in previous responses however no comparable or relevant 

evidence is provided for its inclusion and none has been identified from literature reviews. Therefore, use of a cut-off date is proposed, as above. 

 

Previous papers cited by NRW(TE) and Cefas for inclusion of a retention time parameter include McCormick et al. (1998), Solomon (1999) and Thorstad et al. (2012). McCormick et al. 

(1998) reviews the freshwater lifestages of Atlantic salmon from birth up to smolting and seawater entry, the nature of the smolts migration through freshwater, and the different factors 

that affect their window of opportunity to migrate from the river (physiologically and environmentally). It therefore does not provide a large amount of discussion of impacts upon smolts 

after they have left the rivers/estuaries and are in the open ocean. The paper briefly discusses the post-smolt stage, concluding that the timing of post-smolt migration (and the decision to 

migrate) is closely linked to environmental conditions. The warmer the conditions, the less chance of success. The paper also briefly mentions that another effect on smolt survival is the 

need to migrate over or around dams and that falling from height whilst doing this may affect wider chances of survival. The barriers referred to in the paper are those that an individual 
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(8 July 2016) 

Realistic best case Realistic worst case Distribution 

has to cross as part of its migration, rather than a structure that is offline to the desired migratory route of an individual. TLSB is not a run-of-river barrier to migration. No discussion or 

empirical evidence is provided within the paper of the effects of delay during the post-smolt stage from structures blocking the migratory route, or in the case of TLSB, structures offset 

from the migratory route, and more specifically no discussion is given to the effects on individuals once they have begun their post-smolt migration, or any likelihood of smolts actively 

moving off their migratory route into this area to be delayed given that they have no migratory ambition to be within this area. As the paper only takes into account smolts, provides no 

empirical evidence of delay effects, and is not considering a comparable situation in the barriers it is reviewing, then it is not considered appropriate for use in setting a retention time 

parameter. 

 

Solomon (1999) reports on findings from studies of fish radio tracking along rivers in the south west of England with conclusions drawn about the effect of partial barriers to migration from 

the tracking.  The findings of this study also does not appear to be comparable to the scenario being considered here.  

 

Thorstad et al. (2012) again provides a review of behaviours and survival during the smolt and post-smolt lifestages of Atlantic salmon, and suggests a range of anthropogenic factors that 

may affect smolt and post-smolt behaviour and survival, noting river hydropower as a key factor. As discussed above, TLSB is not a barrier across a river or estuary as all other hydropower 

or barrage developments are, and an individual does not have to pass through the turbines, over a weir or down a spillway or fish pass as part of its natural migration. Far greater damage 

is likely to be done by a barrage e.g. the Tawe Barrage across the Tawe estuary, where fish are impounded in a reservoir upstream thereby allowing increased predation within the 

impoundment as fish are held up in their downstream or upstream migration. This impact of barriers across rivers and reservoirs causing increased predation is recognised by Thorstad et 

al. (2012). Thorstad et al. (2012) does not provide any empirical evidence of a period of time that, should a fish be delayed for, would have a detrimental effect. They conclude that ‘there are 

few published studies of smolt migration related to other river regulations and man-made installations than those related to hydropower development and estuarine barrages’. In the case of TLSB, as 

the lagoon does not barrage across a river or create a blockage or weir on a migratory route then comparisons with run-of-river hydropower or estuarine barrages in this manner are not 

valid. Cut-off dates have been included to address the impact of delayed migration inward migrating sea trout adults. The cut-off is set on the basis that if fish remain within the lagoon 

beyond a particular date then it is considered that they will be impeded in their ability to migrate to their feeding or spawning grounds. As previously discussed, predation effects were 

assessed as part of the ES and attempts at quantification have not been made due to the uncertainties described and lack of comparable empirical evidence. 

 

Diurnal 

Behaviour 

All – not applied All – not applied 

Not applied 
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3.3 Shad (Alosa fallax, Alosa alosa) 

Table 3.3 Distribution of parameters for Monte Carlo analysis and original parameter values in 8 July 2016 submission – shad 

Model 

parameter 

Original 

parameter 

value (8 July 

2016) 

Realistic best case Realistic worst case Distribution 

STRIKERv.5TM 

injury rate 

All – mean 

value from 

STRIKERv.4TM 

injury rate 

Juvenile Resident – mean=0.24%, SD=0.24%. 

Adult Resident – mean=3.13%, SD=2.06%. 

All lifestages use distribution from STRIKERv.5TM injury rate as reported in THA Aquatic (May 2017) 

Rationale  

 

Monte Carlo analysis of the STRIKERv.5TM injury rate model has been conducted to account for individuals passing between the hub and tip of the turbine, the orientation of the individual, 

length-distribution of the individual and associated mutilation ratio variation, and the tidal state over the year. No variation for pressure and shear injury rates has been included as these 

factors are reduced to near zero in the turbines being used for TLSB, calculated from computational fluid dynamic modelling undertaken by GE-Andritz Hydro (TLSB, 2015). 

 

Population 

range 

(excluding 

lagoon area) 

Juveniles and 

Migrants – 

531,910ha 

Residents –

531,910ha and 

2,597,910ha 

Juvenile Resident – 2,875,000ha. 

 
 

 

 

 

 

 

 

 

 

Adult Resident – 2,875,000ha 

Juvenile Resident – 579,000ha. 

 
 

 

 

 

 

 

 

 

 

Adult Resident – 579,000ha  

Juvenile Resident – uniform 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Adult Resident – uniform 
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Model 

parameter 

Original 

parameter 

value (8 July 

2016) 

Realistic best case Realistic worst case Distribution 

 
 

Rationale  

 

The area that is inhabited by the fish for the number of tides it spends within the model. Wider areas for juvenile and adult residents account for potential for inhabitation in wider areas 

than the Severn Estuary and Bristol Channel. The population range chosen has to overlap with the turbine and sluice gate housing structure otherwise the risk of encounter is zero. 

 

Duration of 

presence 

Juveniles and 

Migrants – 60 

tides 

Residents – all 

year, no 

replenishment 

on each tide 

Juvenile Resident – all year apart from during spawning in rivers, no replenishment on each tide. 

 

Adult Resident – all year apart from during spawning in rivers, no replenishment on each tide. 

Rationale  

 

Shad modelled as marine residents on the basis that they do not migrate through Swansea Bay to Swansea Bay rivers to spawn, as such presence in Swansea Bay is likely to be whilst 

resident in the marine environment. 

 

Seasonal 

presence 

Juvenile – July 

to November 

Resident – year 

round 
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Model 

parameter 

Original 

parameter 

value (8 July 

2016) 

Realistic best case Realistic worst case Distribution 

Adult pre-

spawner – April 

to June 

Adult post-

spawner – June 

to October 

Rationale  

 

Shad are modelled as marine residents and therefore present all year round with the exception of when they leave the marine environment and migrate into their known spawning rivers 

(Tywi, Usk, Wye and Severn) outside Swansea Bay in order to spawn. Individuals are considered to be juvenile for their first year of marine residency. 

 

Fish length Juvenile – 

0.0625m,  

Adult migrant 

and resident – 

0.375m 

 

Juvenile Resident – normal distribution (mean=0.055m, SD=0.025m) 

 

Adult Resident – normal distribution (mean=0.37m, SD=0.037m) 

 

 

Rationale  
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parameter 

value (8 July 

2016) 

Realistic best case Realistic worst case Distribution 

 

Swim speed 

(and 

equivalent 

draw zone 

size) 

Juveniles – 

0.025ms-1 

Migrants and 

Residents – 

0.78ms-1 

Juveniles Resident – 2.67bl s-1  

Adult Resident – 3bl s-1 

Juveniles Resident – 0.2bl s-1 

Adult Resident – 1bl s-1  

Juvenile Resident – uniform 

Adult Resident - uniform 

Rationale  

 

Juvenile Resident - For juvenile shad, these are considered likely to show comparable swim speeds to juvenile sprat or herring. Turnpenny (1983) showed swim speeds of juvenile sprat and 

herring of between 10-12bl s-1. Acknowledging that Turnpenny (1983) reports a sustained swimming speed, and that when juvenile, both herring and shad are physiologically very similar, a 

reduced swimming speed of 0.2-2.67bls-1 is therefore proposed to account for the cruising/migrating speed being slower than the sustained speed and to maintain consistency between 

juvenile shad and juvenile herring. 

 

Adult Resident - Swim speed data for adult shad is sourced from Larinier (1996), reported in EA (2004), which reports cruising speed (rather than sustained speeds) of shad (0.3-0.5m 

length) of 0.8-1.5 ms-1 (2.67 - 3bls-1) and Clough et al. (2004) which found sustained swim speeds of shad (0.3-0.39m length) of 0.5ms-1 (1.28 to 1.67bl s-1). At the meeting of 2nd/3rd May 

2017, it was suggested by NRW (TE)/Cefas that the swim speed studies of adult herring were checked to understand whether they could be used for adult shad in the marine environment. 

The studies for adult herring swim speeds are within the same range of swim speeds as for adult shad, with a maximum sustained swim speed of >4bls-1. Clough et al. (2004) also noted 

cruising speed of 30-40cm shad of between 34 and 57cms-1 in a flume experiment depending on where they swam in the flume (between approximately 1.0 and 1.9bls-1). A range of 1.0-

3.0bls-1 is therefore considered an appropriate swimming speed range to incorporate the range of evidence available, and will also be used for adult herring. 

Avoidance 

factor 

All – No 

avoidance 

factor applied 

All – 28.5% avoidance All – 99% avoidance All – uniform  

Rationale  

 

See Alternative Fish Impact Assessment - Addendum 2: Turbine Avoidance Behaviour of Fish (TLSB, 2017). 

 

Draw Zone 

area 

Area of draw-

zone based on 

peak velocity 

through tidal 

cycle. 

Equations developed linking swim speed and Draw Zone area to allow more accurate setting of Draw Zone area for specific swim speeds. Range of Draw Zone areas 

across the tidal cycle included from hydrodynamic modelling. Volumetric approach used for very slow swim speeds (<0.2ms-1) 
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Model 

parameter 

Original 

parameter 

value (8 July 

2016) 

Realistic best case Realistic worst case Distribution 

Rationale  

 

During turbine and sluice operations water velocities and subsequently draw zone size, will vary throughout the tidal cycle. The peak draw zone areas were used for the original ADZ 

deterministic model submitted on 8 July 2016. A table of values for peak and average areas of the draw zone used were provided in TLSBs submission on 8 July 2016 and is reproduced 

below: 

 
The volumetric approach has been used for individuals of swim speeds of less than 0.2ms-1. The corresponding draw zone is of such a low flow rate that it is indistinguishable from the 

baseline tidal flows found in Swansea Bay. It is therefore assumed in this case that fish present in the volume of water which enters the lagoon from the Bay (approximately 4% of Swansea 

Bay) will encounter the turbine and sluice gate housing structure. Conversely, when the lagoon empties on the ebb tide the volume of water leaving is also used (and equates to 

approximately 50% of the lagoon volume).  

 

Generating 

period 

Flood 

generation – 

14,400 

seconds 

Flood sluicing – 

1,800 seconds 

Ebb generation 

- 14,400 

seconds  

Distributed between actual operating periods over a year. 
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Model 

parameter 

Original 

parameter 

value (8 July 

2016) 

Realistic best case Realistic worst case Distribution 

Ebb sluicing – 

1,800 seconds 

Rationale  

 

During turbine operation the length of the electricity generating phase will vary, as will the period that the sluices are open, both varying according to the size of the tide. The parameter is 

now distributed between the actual times of the generating periods over a year. 

  

Age structure 67% annual 

natural 

mortality 

 

Shad modelled 

to spend three 

years as 

juvenile in 

river/estuaries, 

two years 

resident at sea, 

then spawning 

on three 

occasions (with 

residency in-

between 

spawning). 8 

years in total. 

No range proposed. Shad modelled to spend two years as juvenile in river/estuaries, with subsequent age structure from table below and repeat spawning each year 

from first spawning.   

Rationale  

 

Age structure of females (M. Aprahamian, pers. comm.) 

3 3.15% 
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Model 

parameter 

Original 

parameter 

value (8 July 

2016) 

Realistic best case Realistic worst case Distribution 

4 23.79% 

5 32.13% 

6 20.63% 

7 10.61% 

8 5.45% 

9 2.80% 

10 1.44% 

 

Individuals spend 2 years in river / estuary / coastal waters - males mature from three onwards (females a year later) -  all females are fully mature from age 7 – individuals have a life span of 

c.10 years (M. Aprahamian, pers. comm.): 

Proportion of 3-year-old female repeat spawners     0.000 

Proportion of 4-year-old female repeat spawners     0.035 

Proportion of 5-year-old female repeat spawners     0.266 

Proportion of 6-year-old female repeat spawners     0.769 

Proportion of 7-year-old female repeat spawners     0.987 

Proportion of 8-year-old female repeat spawners     1.000 

Proportion of 9-year-old female repeat spawners     1.000 

Proportion of 10-year-old female repeat spawners     1.000 

 

Fecundity 600g, 800g and 

1kg fish 

weights for 1st, 

2nd and 3rd 

spawning 

and 139,379 

eggs/kg from 

Aprahamian, 

unpublished) 

All – No range proposed. Fecundity from table set out below (M. Aprahamian, pers. comm.) 

Rationale  

 

Female twaite shad have been estimated to lay between 25,942 and 675,000 eggs per year (Maitland and Hatton-Ellis, 2003). The relative fecundity has been reported to range from 42,540 

to 302,358 eggs per kg (Maitland and Hatton-Ellis, 2003): and at 139,479 eggs per kg in the River Severn (Aprahamian, 1982). 

 

Fecundity at age 3  62,555 

Fecundity at age 4 72,561 
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Model 

parameter 

Original 

parameter 

value (8 July 

2016) 

Realistic best case Realistic worst case Distribution 

Fecundity at age 5 81,412 

Fecundity at age 6 89,439 

Fecundity at age 7 96,841 

Fecundity at age 8 103,746 

Fecundity at age 9 110,244 

Fecundity at age 10 116,401 

(M. Aprahamian, pers. comm.) 

Mean fecundity = 88,765 (assuming age structure above) 

Sex ratio 1:11 

male:female 

ratio 

Proportion of females = 0.409 

 

Proportion of females = 0.568 

 

All – uniform 

Rationale  

 

A sex ratio of 1:11 male:female was found by Hillman (2003) in South West England, however noting that sexual dimorphism (females are larger) could explain the apparent scarcity of 

males in the population: their smaller size would reduce the chance of being caught in nets. Also, smaller body size made sexing the fish more difficult, making males more likely to be 

among the fish that were too small to sex. The sex ratio of three year-classes of Alosa alosa from the Gironde-Garonne-Dordogne (France) at maturity was estimated by Lambert et al. (2001) 

to range from a composition of males of between 43.2% and 59.1%. 

 

NRW (TE) previously suggested use of 1:1 sex ratio for shad from Hillman (2003), who cited work conducted by Aprahamian et al. (2003) in the Wye and Severn. This appears to be a 

reasonable suggestion as it is a more relevant population for the Project, and Hillman (2003) noted some caveats with the skewed sex ratios found in the South West. 

 

Cut-off dates All – not 

applied 

All – not applied 

Rationale  

 

As shad are modelled as marine residents between spawning, no cut-off date during migratory phases are required. 

 

Retention 

time 

All – not 

applied 

All – not applied 
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Model 

parameter 

Original 

parameter 

value (8 July 

2016) 

Realistic best case Realistic worst case Distribution 

Rationale  

 

As shad modelled as marine residents between spawning, no cut-off date during migratory phases are required. 

 

Diurnal 

Behaviour 

Juveniles and 

Migrants – not 

applied 

Residents – 

applied 

 

Juvenile Residents – not applied 

Adult Residents – not applied 

Rationale  

 

Shad tend to be diurnal in their migratory habits and have been found to enter and pass upstream passage structures primarily during the day (Fisher, 1997; Haro and Kynard, 1997; 

Sullivan 2004), while falling back to lower-velocity zones at night (Theiss, 1997). Shad migrate mainly during the day between 0500 and 2000, in the lower half of the water column close to 

the river bed, where water velocity is lowest and individuals enter rivers in a series of waves (Aprahamian et al., 2003). 

 

Diurnal variation in the migratory passage of shad has been linked to variations in water temperature with migrations inhibited at times when temperatures fell. The most likely explanation 

is that once water temperatures have risen to above the threshold necessary to trigger the spawning migration, upstream movement occurs at times that permit avoidance of temperature 

extremes (Hillman, 2003). 

 

Resident, shad show a diel vertical migration to follow the diel migration of their principal food, zooplankton (Neves and Depres, 1979). For example, alosines exhibit diel vertical migration 

and are caught more frequently by bottom-trawl gear during daytime (Neves and Depres, 1979; Neves, 1981; Stone and Jessop, 1992). MacKenzie et al., 1985 also reported that most shad 

have a diel vertical migration as they follow their principal food source. However, this is not considered likely to reduce vulnerability to encountering the turbine and sluice gate housing 

structure as swimming movements have not been shown to decrease at night. 
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3.4 European Eel (Anguilla anguilla) 

Table 3.4 Distribution of parameters for Monte Carlo analysis and original parameter values in 8 July 2016 submission – European eel 

Model 

parameter 

Original parameter 

value (8 July 2016) 

Realistic best case Realistic worst case Distribution 

STRIKERv.5TM 

injury rate 

All – mean value 

from STRIKERv.4TM 

injury rate 

Elver – mean=0.29%, SD=0.24%. 

 

Resident Eel and Silver Eel – mean=4.13%, SD=2.71%. 

All lifestages use distribution from STRIKERv.5TM injury rate as reported in THA Aquatic (May 2017). 

Rationale  

 

Monte Carlo analysis of the STRIKERv.5TM injury rate model has been conducted to account for individuals passing between the hub and tip of the turbine, the orientation of the 

individual, length-distribution of the individual and associated mutilation ratio variation, and the tidal state over the year. No variation for pressure and shear injury rates has been 

included as these factors are reduced to near zero in the turbines being used for TLSB, calculated from computational fluid dynamic modelling undertaken by GE-Andritz Hydro 

(TLSB, 2015). 

 

Population 

range 

(excluding 

lagoon area) 

Elver – Swansea 

Bay (11,614ha) 

 

Silver Eel – 

Swansea Bay 

(11,614ha) 

 

Resident Eel – 

531,910ha 

Elver – Swansea Bay (11,614ha) 

 
   

 

 

 

 

 

 

 

 

Silver Eel – Swansea Bay (11,614ha) 

Elver – Swansea Bay (11,614ha) 

 
 

 

 

 

 

 

 

 

 

Silver Eel – Swansea Bay (11,614ha) 

Elver – no range proposed 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Silver Eel – no range proposed 
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Model 

parameter 

Original parameter 

value (8 July 2016) 

Realistic best case Realistic worst case Distribution 

 
 

Resident – 66,789ha. 

 

 
 

Resident – 66,789ha. 

 

 

 

 

 

 

 

 

 

 

 

 

Resident Eel – uniform 

Rationale 

 

The assessment approach will use inward migrating elvers to Swansea Bay being at encounter risk, with a proportion of those elvers remaining resident in the wider marine 

environment and thus also being at encounter risk (with those in the rivers and estuaries not at risk of encounter). All silver eels escaping from Swansea Bay will be assessed (i.e. 

from the rivers) as at encounter risk. Impacts on escapement from Swansea Bay will then be scaled to the Western Wales River Basin District (RBD) Eel Management Plan (EMP), 

area as requested by NRW(TE) and Cefas, using a proportional wetted area of Swansea Bay and rivers compared with the wider Western Wales RBD EMP wetted area. The total 

wetted area of the Western Wales RBD EMP (Defra, 2010) is as shown in Table 2.1 below, made up of river, lake, transitional and coastal water bodies and equals 4553.019km2  

(4331km2+135km2+25km2+62.019km2). The total wetted area of Swansea Bay (128.14km2), the Tawe, Neath and Afan estuaries (3.341km2) and the rivers Tawe (0.88km2), Neath 

(0.37km2) and Afan (0.23km2) equals 132.96km2 and comprises 2.92% of the total Western Wales RBD EMP area. 
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Model 

parameter 

Original parameter 

value (8 July 2016) 

Realistic best case Realistic worst case Distribution 

 

 
 

Elver 

Elvers passing through Swansea Bay on inward migration. As eels have not been shown to home to their natal rivers, an assessment of the Swansea Bay population of elvers will 

be made. This impact can then be related to the wider impact on escapement within the Western Wales RBD. 

 

Silver eel 

Silver eels passing through Swansea Bay on outward migration. An assessment of the Swansea Bay population of silver eels will be made. This impact can then be related to the 

wider impact on escapement within the Western Wales RBD. 

 

Resident 

Wider areas for residents account for potential for inhabitation in wider areas than Swansea Bay of fish from the Swansea Bay population, but not extending into potential areas 

where fish from other rivers may be residing (River Ogmore, River Tywi etc.) or into English Waters / South West RBD. This impact can then be related to the wider impact on 

escapement within the Western Wales RBD. 
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Model 

parameter 

Original parameter 

value (8 July 2016) 

Realistic best case Realistic worst case Distribution 

Duration of 

presence 

Elver – 60 tides 

 

Silver Eel – 60 tides 

 

Resident Eel – all 

year, no 

replenishment on 

each tide 

Elver – uniformly distributed between 6 and 28 tides. 

  

  

Silver Eel – geometric (the probability distribution of the number X of Bernoulli trials (attempting to leave population range) needed to get one success (leaving 

population range), with a mean of 2 tides (p=0.5). 

 

 

Resident Eel – All year, no replenishment on each tide. No range proposed. 

 

Rationale  

 

Elver - elvers are generally carried by tidal currents due to their poor swimming capability, consequently elvers will be  carried, either into local estuaries in Swansea Bay or further 

upstream into the Bristol Channel and Severn Estuary over a small number of tides. A minimum duration of presence of 6 tides will be used for elver, as assuming the individuals 

use selective tidal stream transport, they can move across the bay over three flood tides, holding to the bottom on the ebb tide. A maximum duration of presence of 14 days (28 

tides) has been used to model any delay by elvers entering the estuaries after migrating through Swansea Bay. 

 

Silver eels - Righton (2016) found silver eel migration speeds towards the Sargasso Sea was in the range of 3 to 47 km day−1. Net migration speed ranged between 4.0 to 16.5 km 

day−1 in the Mediterranean, between 8.7 and 9.7 km day−1 in the Atlantic and ~16kmd-1 in the Baltic (Aarestrup et al., 2010). Even at the slowest distance travelled each day (3km), 

silver eels leaving the rivers would pass the turbine and sluice gate housing within 1 day.  

 

Seasonal 

presence 

Elvers – February 

to April 

Silver – October to 

December 

Resident – present 

year round 
 

Rationale  

 

Seasonal distribution unchanged from original models and based assumed elver and silver run timings. 

Fish length Elver – 0.089m 

Silver – 0.575m 

Resident – 0.575m 

Elver – normal distribution (mean=0.08m, SD=0.025m) 

 

Silver – normal distribution (mean=0.6m, SD=0.1m) 

 

Resident – normal distribution (mean=0.6m, SD=0.1m)  
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Model 

parameter 

Original parameter 

value (8 July 2016) 

Realistic best case Realistic worst case Distribution 

 
 

 

Swim speed 

(and 

equivalent 

draw zone 

size) 

Elver – 0.083ms-1 

(0.2ms-1 draw 

zone) 

Silver Eel – 0.61ms-

1 (0.6ms-1 draw 

zone) 

Resident Eel – 

0.43ms-1 (0.4ms-1 

draw zone) 

 

 

Elver – 1.15bls-1 

 

Silver – 0.9bls-1 

 

Resident – 0.9bls-1 

Elver – 0.96bls-1 

 

Silver – 0.6bls-1 

 

Resident – 0.49bls-1 

Elver – uniform  

 

Silver – uniform  

 

Resident – uniform     

Rationale  
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Model 

parameter 

Original parameter 

value (8 July 2016) 

Realistic best case Realistic worst case Distribution 

Elvers – Swim speeds have been cited in Wuenschel and Able (2008), who calculated glass eel sustained swim speeds as 5.835-6.635cms-1; and Clough and Turnpenny (2001) who 

found sustained swim speeds of 8cm eels to be between 2.5-8.3cms-1 (0.96-3.2bl s-1). Maximum swim speed of elvers set at 1.15bls-1 so that for all fish lengths chosen by the 

model, the swim speed is always below 0.2ms-1 and thus the volumetric approach is applied. 

 

Silver eels – Swim speeds have been cited in Palstra et al. (2008) and Palstra et al. (2010), who found that 60-80cm eels swim over 0.5–0.9ms−1 (0.63-1.5bl s-1) at almost the same 

cost of transport, with an optimal swim speed of between 0.61 and 0.67ms-1. For silver eels, Palstra et al. (2008) gives an optimal swimming speed of 0.61-0.67ms-1. Tesch (1974) 

estimated sustainable cruising speed for this species of 0.6-0.9bls-1. McCleave and Arnold (1999) provided a range of 0.45-0.75 bls-1 in North Sea down to 0.26-0.39 bls-1. 

However, they stated that this was a minimum estimate because eels were assumed to swim in straight line between detection points.  Jellyman and Tsukamoto (2002) studied 

tagged eels and recorded progression rates and also noted that tagged fish may migrate more slowly than untagged due to drag factor. Whilst NRW (TE) suggest use of Righton 

(2016) for migrating swim speeds of eel, this paper addresses transit times over certain distances (3-47 km day-1) and so it would be inappropriate to use for swim speeds given 

that calculation of a swim speed from this data and would involve the assumption that the individuals swam in a directly straight line with no route variation, which is unlikely and 

therefore would result in an underestimate.  A range between 0.6 and 0.9bls-1 is therefore considered reasonable given the range of evidence presented. 

 

Resident eels – Swim speeds have been cited in Clough and Turnpenny (2001) who found that for a 50cm eel, sustained swim speeds were in the range of 0.38-0.47ms-1 (0.76-

0.94bl s-1) for varying water temperatures, and 0.43ms-1  (0.86 bl s-1) for water temperatures between 10-15oC. For resident yellow eels, Walker et al. (2013) found ground speed of 

yellow eels travelling with and against the tidal flow of 0.61 and 0.49bls-1 respectively, with no significant difference between travelling with or against the tidal flow. As there is no 

significant difference between movements with or against tidal flow, then at times the eels within this study would have needed to swim faster to achieve the quoted ground 

speed as they would have been swimming against the flow, and at times they could have swum slower to achieve the quoted ground speed as they would have been swimming 

with the flow. In addition, as these are ground speeds are estimated from straight line transit times between two points they do not account for potential tortuosity of 

movements between these two points. It is therefore reasonable to expect that the movements of eels would not have been in straight lines but that they would have showed 

some tortuosity in their movements, and therefore the ground speeds quoted would be an underestimate of the actual swimming speed. As noted by Cefas in their response of 

10 April 2017, 'where they [ground speeds] are based on point-to-point distances between receivers, they may provide minimum estimates of the speed through the water.' It is therefore 

proposed to use a minimum swimming speed for yellow eel of 0.49bls-1 and then a maximum of 0.9bls-1 which is consistent with the studies referenced previously. 

 

Avoidance 

factor 

All – No avoidance 

factor applied 

Resident and Silver eels – 28.5% 

 

Glass eels – 0% 

Resident and Silver eels – 99% 

 

Glass eels – 0% 

Resident and Silver eels – uniform 

 

Glass eels – no range proposed 

Rationale  

 

See Alternative Fish Impact Assessment - Addendum 2: Turbine Avoidance Behaviour of Fish (TLSB, 2017). 

 

 

Draw Zone 

area 

Area of draw-zone 

based on peak 

velocity through 

tidal cycle. 

Equations developed linking swim speed and Draw Zone area to allow more accurate setting of Draw Zone area for specific swim speeds. Range of Draw 

Zone areas across the tidal cycle included from hydrodynamic modelling. Volumetric approach used for very slow swim speeds (<0.2ms-1). 
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Model 

parameter 

Original parameter 

value (8 July 2016) 

Realistic best case Realistic worst case Distribution 

Rationale  

 

During turbine and sluice operations water velocities and subsequently draw zone size, will vary throughout the tidal cycle. The peak draw zone areas were used for the original 

ADZ deterministic model submitted on 8 July 2016. A table of values for peak and average areas of the draw zone used were provided in TLSBs submission on 8 July 2016 and are 

reproduced below: 

 

 
 

The volumetric approach has been used for individuals of swim speeds of less than 0.2ms-1. The corresponding draw zone is of such a low flow rate that it is indistinguishable 

from the baseline tidal flows found in Swansea Bay. It is therefore assumed in this case that fish present in the volume of water which enters the lagoon from the Bay 

(approximately 4% of Swansea Bay) will encounter the turbine and sluice gate housing structure. Conversely, when the lagoon empties on the ebb tide the volume of water 

leaving is also used (and equates to approximately 50% of the lagoon volume).  

 

Generating 

period 

Flood generation – 

14,400 seconds 

Flood sluicing – 

1,800 seconds 

Ebb generation - 

14,400 seconds  

Ebb sluicing – 

1,800 seconds 

Distributed between actual operating periods over a year. 
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Model 

parameter 

Original parameter 

value (8 July 2016) 

Realistic best case Realistic worst case Distribution 

Rationale  

 

During turbine operation the length of the electricity generating phase will vary, as will the period that the sluices are open, both varying according to the size of the tide. The 

parameter is now distributed between the actual times of the generating periods over a year. 

 

Age structure Enters Swansea 

Bay rivers as glass 

eel/elver. 

27% remain 

resident in 

coastal waters 

(19% marine 

resident plus 23% 

nomads (Daverat 

and Tomas, 2006) 

one-third 

of the time) for 8 

years 

of maturation. 

Then leaves 

Swansea Bay river 

for Sargasso Sea 

as silver eel. 

 

13.8% annual 

natural mortality 

rate 

 

 

Enters Swansea Bay rivers as glass eel/elver at 

age 3. Spends between 1 and 24 years as 

resident yellow eel, normally distributed with a 

mean of 7.65 years and a standard deviation 

of 3.25 years (ICES, 2009) before leaving for 

the Sargasso Sea as silver eel.  

 

20% remain resident in coastal waters. 

 

 

Enters Swansea Bay rivers as glass eel/elver at 

age 3. Spends between 1 and 24 years as 

resident yellow eel, normally distributed with a 

mean of 7.65 years and a standard deviation of 

3.25 years (ICES, 2009) before leaving for the 

Sargasso Sea as silver eel.  

 

30% remain resident in coastal waters. 

 

 

All - uniform 

Rationale  

 

Eel residency distribution following Daverat and Tomas (2006): 

Residency 

location 

Capture location Overall 

proportion Coastal 

(n=45) 

Estuarine 

(n=162) 

River 

(n=63) 

Freshwater 

resident 

0% 15% 97% 28.5% 
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Model 

parameter 

Original parameter 

value (8 July 2016) 

Realistic best case Realistic worst case Distribution 

Estuarine 

resident 

16% 44% 3% 21% 

Marine 

resident 

57% 0% 0% 19% 

Nomad 27% 41% 0% 23% 

 

NRW (TE) previously commented on the use of Daverat and Tomas (2006) for defining the residency distribution. Daverat and Tomas (2006) found eels that remained resident in 

the marine environment (19%) but also a proportion spent their time between the marine, estuarine and freshwater environment (termed nomads). A proportion of these (one-

third) was added to the 19% to represent the time that nomads also spend in the marine environment during their resident/growth/yellowing phase. Limburg et al. (2003) found 

that the majority of Anguilla anguilla from a study in the Baltic Sea show nomadic behaviour between freshwater, estuaries and the marine environment (84%), with less than 4% 

of those individuals sampled being permanent marine residents. 

 

In the Severn, eels less than 150 mm tend to be 3 years old or younger sexually undifferentiated eels. Those 150 mm to 450 mm are young sexually undifferentiated eels, 

immature males and females and mature males. Eels longer than 450 mm are almost all female. In the lower reaches of the Severn, eels aged from 7 to 8 years were generally 

the most abundant (Aprahamian, 1988). Younger, shorter eels also tend to be found in estuaries or the lower reaches of rivers, and Naismith and Knights (1992) found that in the 

Thames estuary, 82% of eels caught within the estuary sample sites were between 250-300mm in length. Age distribution of a sample of 153 eels from the Severn Estuary 

presented in the table below (ICES, 2009; p75 onwards), which shows an approximate normal distribution. 

 

Age captured within 

Severn Estuary 

Proportion of the 

population (n=153) 

4 0.65% 

5 0.00% 

6 6.54% 

7 9.15% 

8 15.69% 

9 9.80% 

10 11.11% 

11 19.15% 

12 18.50% 

13 10.46% 

14 6.54% 

15 3.92% 

16 5.23% 

17 1.31% 

18 0.65% 

19 0.65% 

20 0.00% 

21 0.00% 
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Model 

parameter 

Original parameter 

value (8 July 2016) 

Realistic best case Realistic worst case Distribution 

22 0.00% 

23 0.00% 

24 0.65% 
 

Fecundity Not used as 

spawning occurs in 

Sargasso Sea. 

Not used as spawning occurs in the Sargasso Sea. 

Sex ratio Not used as 

spawning occurs in 

Sargasso Sea. 

Not used as spawning occurs in the Sargasso Sea. 

Cut-off dates Not applied Not applied 

Retention 

time 

Not applied Not applied 

Diurnal 

behaviour 

Elvers – not 

applied 

Silver Eels – not 

applied  

Resident Eels – 

applied 

No range proposed for MCA. 

Elver – not applied, but selective tidal stream transport applied with individuals holding to the bed on the ebb tide. 

 

Silver – applied, with 15% activity in daytime (Walker et al., 2013). 

 

Resident – applied, with 15% activity in daytime (Walker et al., 2013). 

 

 

 

 

Rationale  

 

Piper et al. (2013) found diurnal behaviours of eels both migrating and resident in freshwater, with between 10 and 20% of eel active during the day. Righton et al. (2016) found that 

all silver eels on their migration exhibited diel vertical migrations, moving from deeper water during the day into shallower water at night. Westerberg et al (2007) found clear diurnal 

behaviour of silver eels while migrating, where they rested on the seabed during the day. Wysujack et al. (2014) also found that silver eels migrating at sea showed clear diurnal 

behaviour. 

 

Selective tidal stream transport has been incorporated for migrating elvers rather than diurnal behaviour, and this has been accounted for in setting the duration of presence 

parameter for this lifestage. 
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3.5 River Lamprey (Lampetra fluviatilis) 

Table 3.5 Distribution of parameters for Monte Carlo analysis and original parameter values in 8 July 2016 submission – river lamprey 

Model 

parameter 

Original 

parameter 

value (8 July 

2016) 

Realistic best case Realistic worst case Distribution 

STRIKERv.5TM 

injury rate 

All – mean 

value from 

STRIKERv.4TM 

injury rate 

Transformers – mean=0.57%, SD=0.57%. 

 

Migrants and Residents – mean=1.82%, SD=1.48%. 

All lifestages use distribution from STRIKERv.5TM injury rate as reported in THA Aquatic (May 2017). 

Rationale  

 

Monte Carlo analysis of the STRIKERv.5TM injury rate model has been conducted to account for individuals passing between the hub and tip of the turbine, the orientation of the individual, length-

distribution of the individual and associated mutilation ratio variation, and the tidal state over the year. No variation for pressure and shear injury rates has been included as these factors are reduced 

to near zero in the turbines being used for TLSB, calculated from computational fluid dynamic modelling undertaken by GE-Andritz Hydro (TLSB, 2015). 

 

Population 

range 

(excluding 

lagoon area) 

Transformer – 

Swansea Bay 

(11,614ha) 

Resident – 

531,910ha (of 

those small 

number that 

leave the 

estuaries, 

assumed to 

be 25% of the 

population) 

Migrant Adult 

- 531,910ha 

 

Transformer – Area in straight line progression rate over four tides with 

maximum of 77,500ha 

 

 
 

 

 

 

 

 

 

Resident – 77,500ha 

Transformer – Area in straight line progression rate over four tides with 

maximum of 77,500ha 

 

 
 

 

 

 

 

 

 

Resident – 77,500ha 

Transformer – No range 

proposed 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Resident – No range proposed 
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Model 

parameter 

Original 

parameter 

value (8 July 

2016) 

Realistic best case Realistic worst case Distribution 

 
 

Migrant Adult – Area in straight line progression rate over four tides 

with maximum of 77,500ha 

 
 

  
 

Migrant Adult – Area in straight line progression rate over four tides 

with maximum of 77,500ha 

 

 

 

 

 

 

 

 

 

 

 

 

Migrant Adult – No range 

proposed 

 

Rationale  

 

An assessment has been made on local population of river lamprey from Swansea Bay rivers. River lamprey have been shown to occupy waters of depths up to 50m (Zanandrea, 1959) and 15km from 

the coast. Heessen et al. (2015) note that catch rates peaked in the 20-30m band width with captures from 15-40m depth range. River lamprey are also caught at both Hinkley and Oldbury power station 

intake screens, which demonstrate their movements some distance along the coast from rivers. The population range has therefore been set as a radial distance of 25km from the river mouths, to 

encompass areas to a water depth of 30m where it is considered reasonable that lampreys from the Tawe, Neath and Afan may occupy during their marine feeding phase. 

 

Transformer - The migrating transformer individuals' population areas will be based on their swimming speed and straight line progression rate over 4 tides (as the minimum number of tides present 

within the model), set at a maximum of 77,500ha (below 2903.5ha there would be no encounter during migration as this represents the area landward of the turbine structure). The relationship between 

straight line progression rate and population area will be taken from that developed for the River Neath given that is the most distant river of individuals migrating into Swansea Bay and thus will give 

the lower population area values. 
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Model 

parameter 

Original 

parameter 

value (8 July 

2016) 

Realistic best case Realistic worst case Distribution 

Resident - The resident population area will be set to 77,500ha for the reasons stated previously. 

 

Migrant Adult - for returning adult migrants, the individuals' population areas will be based on their swimming speed and straight line progression rate over 4 tides (as the minimum number of tides 

present within the model),  set at a maximum of 77,500ha (and below 2903.5ha there would be no encounter during migration). 

 

Duration of 

presence 

Transformer – 

60 tides 

Resident – all 

year, no 

replenishment 

on each tide 

Migrant Adult 

– 60 tides 

Transformer – 4 tides. 

 

Resident – all year, no replenishment on each tide. 

 

Migrant Adult – 4 tides. 

 

Transformer – 60 tides. 

 

Resident – all year, no replenishment on each tide. 

 

Migrant Adult – 60 tides. 

 

Transformer – uniform 

 

Resident – no range proposed 

 

Migrant Adult – uniform 

 

Rationale  

 

There is limited evidence of migrating river lamprey in marine environment. The range proposed is to account for those fish that migrate swiftly and those that are delayed for a period while migrating. 

In the absence of evidence, the model assumes that the lamprey do not find and attach themselves to a host whilst migrating or resident. 

 

Seasonal 

presence 

Transformer – 

March to 

December  

Resident – 

present year-

round 

Migrant Adult 

– October to 

March 

 

 

 

 



 

 
Tidal Lagoon Swansea Bay – Monte Carlo analysis of Alternative Draw Zone models Page 61 

TLSB_ML_Fish_June 2017_MCA  
 

 

Model 

parameter 

Original 

parameter 

value (8 July 

2016) 

Realistic best case Realistic worst case Distribution 

Fish length Transformer – 

0.105m 

Resident – 

0.26m 

Migrant Adult 

– 0.26m 

Transformer – normal distribution (mean=0.1m, SD=0.05m) 

 

Resident – normal distribution (mean=0.24m, SD=0.08m) 

 

Migrant Adult – normal distribution (mean=0.24m, SD=0.08m)  

Rationale 
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Model 

parameter 

Original 

parameter 

value (8 July 

2016) 

Realistic best case Realistic worst case Distribution 

 

Swim speed 

(and 

equivalent 

draw zone 

size) 

Transformer – 

0.75ms-1 

Resident – 

0.75ms-1 

Migrant Adult 

– 0.75ms-1   

 

 

 

Transformers - 1.77bl s-1 

 

Resident – 0.96bl s-1 

 

Migrant Adult – 0.96bl s-1 

Transformer - 1.15bl s-1 

 

Resident – 0.17bl s-1 

 

Migrant Adult – 0.17bl s-1 

Transformer – uniform 

 

Resident – uniform 

 

Migrant Adult - uniform 

Rationale  
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Model 

parameter 

Original 

parameter 

value (8 July 

2016) 

Realistic best case Realistic worst case Distribution 

 

Transformer - Moursund et al. (2003) reported swimming speed tests on 13cm long Pacific lamprey juveniles, which gave burst speeds of 70 cms-1 (5.2 bls-1) and prolonged swimming speeds of 23 

cms-1 over 5 min and 15 cms-1 over 15 min. Water temperature was not stated.  

 

Resident / Migrant Adult - River lamprey are undulating swimmers which means they are poor swimmers compared to many other fish. Closest-related species for which sustained swimming speed is 

known is Pacific lamprey (56-94cms-1) (Dauble et al., 2006). River lamprey has been found to have swim speeds of over 1ms-1 (2.51bls-1) as reported by Abakumov (1956) during the initial stages of 

migration from the Gulf of Riga. During the later stages of migration rates decreased to 20-40 cms-1 (0.5-1bls-1). Beamish (1974) suggested a maximum speed of 1bls-1 for sea lamprey and a cruising 

speed of 0.5bls-1 and Quintella et al. (2009) reported maximum swimming efforts of 1bls-1. Reid et al. (2016) give speeds for free swimming Pacific lamprey of 0.17 to 0.96 bls-1.  This range is therefore 

proposed for both resident and adult migrant stages.  

 

Avoidance 

factor 

All – No 

avoidance 

factor applied 

Resident and Migrant Adults – 28.5% 

 

Transformers – 0% 

Resident and Migrant Adults – 99% 

 

Transformers – 0% 

Resident and Migrant Adults – 

uniform  

Transformers – no range 

proposed 

Rationale  

 

See Alternative Fish Impact Assessment - Addendum 2: Turbine Avoidance Behaviour of Fish (TLSB, 2017). 

 

Draw Zone 

area 

Area of draw-

zone based 

on peak 

velocity 

through tidal 

cycle. 

Equations developed linking swim speed and Draw Zone area to allow more accurate setting of Draw Zone area for specific swim speeds. Range of Draw Zone areas across the tidal 

cycle included from hydrodynamic modelling. Volumetric approach used for very slow swim speeds (<0.2ms-1). 

Rationale  

 

During turbine and sluice operations water velocities and subsequently draw zone size, will vary throughout the tidal cycle. The peak draw zone areas were used for the original ADZ deterministic 

model submitted on 8 July 2016. A table of values for peak and average areas of the draw zone used were provided in TLSBs submission on 8 July 2016 and is reproduced below: 

 



 

 
Tidal Lagoon Swansea Bay – Monte Carlo analysis of Alternative Draw Zone models Page 64 

TLSB_ML_Fish_June 2017_MCA  
 

 

Model 

parameter 

Original 

parameter 

value (8 July 

2016) 

Realistic best case Realistic worst case Distribution 

 
The volumetric approach has been used for individuals of swim speeds of less than 0.2ms-1. The corresponding draw zone is of such a low flow rate that it is indistinguishable from the baseline tidal 

flows found in Swansea Bay. It is therefore assumed in this case that fish present in the volume of water which enters the lagoon from the Bay (approximately 4% of Swansea Bay) will encounter the 

turbine and sluice gate housing structure. Conversely, when the lagoon empties on the ebb tide the volume of water leaving is also used (and equates to approximately 50% of the lagoon volume).  

 

Generating 

period 

Flood 

generation – 

14,400 

seconds 

Flood sluicing 

– 1,800 

seconds 

Ebb 

generation - 

14,400 

seconds  

Ebb sluicing – 

1,800 seconds 

Distributed between actual operating periods over a year. 
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Model 

parameter 

Original 

parameter 

value (8 July 

2016) 

Realistic best case Realistic worst case Distribution 

Rationale  

 

During turbine operation the length of the electricity generating phase will vary, as will the period that the sluices are open, both varying according to the size of the tide. The parameter is now 

distributed between the actual times of the generating periods over a year. 

 

Age 

structure 

Migrates 

downstream 

as juvenile. 

Resident for 2 

years, 

split between 

freshwater, 

estuarine 

and coastal 

environment, 

before 

returning to 

rivers to 

spawn.  

 

11.8% natural 

annual 

mortality. 

Migrates downstream as juvenile. 

25% population resident for 1 year in the coastal environment, the 

remainder occupying the freshwater and estuarine environment, 

before returning to rivers to spawn. 

Migrates downstream as juvenile. 

75% population resident for 2 years in the coastal environment, the 

remainder occupying the freshwater and estuarine environment, 

before returning to rivers to spawn. 

All – uniform 

Rationale  

 

Literature reports that river lamprey migrate from freshwater to estuaries and coastal areas as a juvenile (Kottelat and Freyhof, 2007), though a proportion are permanent freshwater residents 

(Renaud, 2011). Therefore, a proportion of the population is likely to remain within the rivers, estuaries or be concentrated around the river mouths or near coastal areas away from the turbine and 

sluice gate housing structure. The proportion of the population within the coastal environment is uncertain, with Maitland (2003) noting that river lamprey spend one to two years mainly in estuaries. 

After spending one to two years in estuaries (Kottelat and Freyhof, 2007), maturing adults cease feeding in autumn and move back upriver to spawn. 

 

The number of years present in the marine environment during the resident/feeding phase has therefore been considered, and the duration of residency in the marine environment has allowed for 

the subtraction of tides taken during the migratory phases when the fish have left the coastal area to migrate into local rivers. 
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Model 

parameter 

Original 

parameter 

value (8 July 

2016) 

Realistic best case Realistic worst case Distribution 

Fecundity 16,000 

eggs/female 

28,000 eggs/female 7,500 eggs/female All – uniform 

Rationale  

 

An average of 16,000 eggs per female was found by Maitland (1980) and supported by Hardisty (1964) for female lamprey from the River Trent. Hardisty (1964) also provided a range of 7,500 to 28,000 

eggs per female from the River Severn. 

 

Sex ratio 5:1 

male:female 

ratio 

5:1 male:female ratio 1:1 male:female ratio All – uniform 

Rationale  

 

Hardisty and Potter (1971) noted that sex ratios in Lampetra vary from near-equality to as much as five males to one female, and suggest that the annual fluctuations are due to environmental factors 

such as temperature or water levels, and that these factors vary from one river system (and one year) to another. 

 

Cut-off 

dates 

All - Not 

applied 

Transformer – not applied 

 

Resident – not applied 

 

Migrant Adult – applied 

Rationale  

 

A cut-off date at the end of the modelled spawning migration for returning adult migrants is applied for any fish remaining within the lagoon, in mid-April. 

 

Retention 

time 

All - Not 

applied 

All - Not applied 

Diurnal 

behaviour 

Transformers 

– not applied 

No range proposed. 

Transformers – applied 

 

Resident Adults – not applied 
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Model 

parameter 

Original 

parameter 

value (8 July 

2016) 

Realistic best case Realistic worst case Distribution 

Resident 

Adults – 

applied 

Migrant Adults 

– not Rationale  

applied 

 

Migrant Adults – applied 

 

 

Rationale  

 

Migratory movements of river lamprey restricted to dark nights. Active avoidance of light including full moons (Hardisty and Potter, 1971, Hardisty, 2006). 

 

  



 

 
Tidal Lagoon Swansea Bay – Monte Carlo analysis of Alternative Draw Zone models Page 68 

TLSB_ML_Fish_June 2017_MCA  
 

 

3.6 Sea Lamprey (Petromyzon marinus) 

Table 3.6 Distribution of parameters for Monte Carlo analysis and original parameter values in 8 July 2016 submission – sea lamprey 

Model 

parameter 

Original 

parameter 

value (8 July 

2016) 

Realistic best case Realistic worst case Distribution 

STRIKERv.5TM 

injury rate 

All – mean 

value from 

STRIKERv.4TM 

injury rate 

Transformer – mean=0.57%, SD=0.57%. 

 

Migrant Adult and Resident – mean=7.57%, SD=5.2%. 

All lifestages use distribution from STRIKERv.5TM injury rate as reported in THA Aquatic (May 2017) 

Rationale  

 

Monte Carlo analysis of the STRIKERv.5TM injury rate model has been conducted to account for individuals passing between the hub and tip of the turbine, the orientation of the individual, length-

distribution of the individual and associated mutilation ratio variation, and the tidal state over the year. No variation for pressure and shear injury rates has been included as these factors are 

reduced to near zero in the turbines being used for TLSB, calculated from computational fluid dynamic modelling undertaken by GE-Andritz Hydro (TLSB, 2015). 

 

Population 

range 

(excluding 

lagoon area) 

Transformer – 

Swansea Bay 

(11,614ha) 

Resident – 

531,910ha  

and 

2,597,910ha 

Migrant Adult – 

531,910ha 

 

Transformer – Area in straight line progression rate over one tide with a 

maximum of 66,789ha. 

 
 

 

 

Transformer – Area in straight line progression rate over one tide 

with a maximum of 66,789ha. 

 
 

 

 

Transformer – no range 

proposed 
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Model 

parameter 

Original 

parameter 

value (8 July 

2016) 

Realistic best case Realistic worst case Distribution 

Resident – 66,789ha 

 
 

Migrant Adult – Area in straight line progression rate over one tide with 

a maximum of 66,789ha. 

 
 

 

 

 

 

 Resident – 66,789ha 

 
 

Migrant Adult – Area in straight line progression rate over one tide 

with a maximum of 66,789ha.

 

Resident  – no range 

proposed 

 

 

 

 

 

 

 

 

 

 

 

 

 

Migrant Adult – no range 

proposed 

 

Rationale  
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Model 

parameter 

Original 

parameter 

value (8 July 

2016) 

Realistic best case Realistic worst case Distribution 

 

An assessment was made on Bristol Channel population of sea lamprey as they are understood to distribute more widely than river lamprey from their spawning rivers. Wider areas for residents 

account for potential for inhabitation in wider areas than the Severn Estuary and Bristol Channel. Sea lamprey have been caught >100km from the shore off the east coast of North America and 

230km off the Irish west coast (Igoe et al, 2004). 

 

Sea lamprey do not show homing behaviour to their natal river to spawn, and are believed to be attracted by pheromones of other lamprey within rivers to spawn. The assessment has therefore 

been made on the population of sea lamprey that reside near and spawn in Swansea Bay rivers and then it assumes a consistent rate of mixing between this resident sub-population and the 

wider sub-populations across the Bristol Channel - so that some sea lamprey progeny from Swansea Bay rivers may spawn in the Tywi or Severn, for example, and consequently, some sea 

lamprey progeny from other rivers may spawn in Swansea Bay. The impact modelled on Swansea Bay rivers is then scaled to the wider Bristol Channel by considering the relative wetted area of 

the Swansea Bay rivers to the relative wetted area of the other rivers in the Bristol Channel (see table below). Sea lamprey are known to spawn in a number of rivers across the Bristol Channel. 

Given that there is no data on the wetted area of rivers accessible to sea lamprey, the wetted area of rivers accessible to salmon are used as the best available proxy (or estimated where this 

data is unavailable) and the proportional areas of Swansea Bay to the wider Bristol Channel are likely to be similar (though actual accessible areas lower due to poorer swimming capacity of sea 

lamprey). This Bristol Channel scale assessment can be used for the purposes of consideration of the impacts of the Project on sites designated under the Conservation of Habitats and Species 

Regulations 2010 (as amended) for the presence of spawning sea lamprey. This was discussed and agreed as appropriate with NRW (TE)/Cefas at the meeting on 2nd/3rd May 2017. 
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Model 

parameter 

Original 

parameter 

value (8 July 

2016) 

Realistic best case Realistic worst case Distribution 

 
 

Population ranges for transformer and adult migrants will be set based on swim speeds and straight line progression rates over one tide, with a duration of presence of >1 tide to account for 

variability in migratory routes, and not more than the resident population range. If the population range is smaller than the minimum for encounter (2903.5ha) whilst migrating as transformers or 

adults then the encounter rate will be zero and the fish will be modelled as becoming residents or entering the rivers directly from the previous phase. The resident population range will be set 

as a small area of the Bristol Channel to allow for scaling to wider Bristol Channel impacts and will be constrained by Welsh waters to the south, and areas that sea lamprey may be occupying 

whilst resident or migrating to/from the Loughor and Ogmore to the west and east respectively (see figure above, 66,789ha). 

Duration of 

presence 

Transformer – 

60 tides 

Resident – all 

year, no 

replenishment 

on each tide 

Transformer – 1 tide 

 

Resident – all year, no replenishment on each tide. 

 

Migrant Adult – 1 tides 

Transformer – 60 tides. 

 

Resident Adults – all year, no replenishment on each tide. 

 

Migrant Adult – 60 tides. 

 

Transformer – uniform 

 

Resident – no range 

proposed 

 

Migrant Adult – uniform 
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Model 

parameter 

Original 

parameter 

value (8 July 

2016) 

Realistic best case Realistic worst case Distribution 

Migrant Adult – 

60 tides 

Rationale  

 

There is limited evidence of migrating lamprey in marine environment. The range proposed is to account for those fish that migrate swiftly and those that are delayed for a period while migrating. 

In the absence of evidence, the model assumes that the lamprey do not find and attach themselves to a host whilst migrating or resident. 

 

Seasonal 

presence 

Transformer – 

October to 

December 

Resident – 

present year-

round 

Migrant Adult – 

February to 

May 

 

 

Fish length Transformer – 

0.11m 

Resident – 

0.7855m 

Migrant Adult – 

0.7855m 

Transformer – normal distribution (mean=0.1m, SD=0.05m) 

Resident – normal distribution (mean=0.75m, SD=0.125m) 

Migrant Adult – normal distribution (mean=0.75m, SD=0.125m)  
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Model 

parameter 

Original 

parameter 

value (8 July 

2016) 

Realistic best case Realistic worst case Distribution 

 
 

Swim speed 

(and 

equivalent 

draw zone 

size) 

Transformers – 

0.75ms-1 

Resident 

Adults – 

0.75ms-1 

Migrant Adults 

– 0.75ms-1   

 

Transformers - 1.77bls-1 

 

Resident Adults – 0.96bls-1 

 

Migrant Adults – 0.96bls-1 

Transformers - 1.15bls-1 

 

Resident Adults – 0.17bls-1 

 

Migrant Adults – 0.17bls-1 

Transformers – uniform 

 

Resident Adults – uniform 

 

Migrant Adults - uniform 

Rationale  
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Model 

parameter 

Original 

parameter 

value (8 July 

2016) 

Realistic best case Realistic worst case Distribution 

 

Transformer - Moursund et al. (2003) reported swimming speed tests on 13cm long Pacific lamprey juveniles, which gave burst speeds of 70 cms-1 (5.2 bls-1) and prolonged swimming speeds of 

23 cms-1 over 5 min and 15 cms-1 over 15 min. Water temperature was not stated.  

 

Resident / Migrant Adult – Sea lamprey are undulating swimmers which means they are poor swimmers compared with many other fish. Closest-related species for which sustained swimming 

speed is known is Pacific lamprey (56-94cms-1) (Dauble et al., 2006). Bainbridge (1960) reported swim speed of 41cm lamprey of 36.5cms-1 (0.89bls-1). River lamprey has been found to have swim 

speeds of over 1ms-1 (2.51bls-1) as reported by Abakumov (1956) during the initial stages of migration from the Gulf of Riga. During the later stages of migration rates decreased to 20-40 cms-1 

(0.5-1bls-1). Beamish (1974) suggested a maximum speed of 1bls-1 for sea lamprey and a cruising speed of 0.5bls-1 and Quintella et al. (2009) reported maximum swimming efforts of 1bls-1. Reid et 

al. (2016) give speeds for free swimming Pacific lamprey of 0.17 to 0.96 bls-1.  This range is therefore proposed for both resident and adult migrant stages.  

 

Avoidance 

factor 

All – No 

avoidance 

factor applied 

Resident and Migrant Adults – 99% 

 

Transformers – 0% 

Resident and Migrant Adults – 28.5% 

 

Transformers – 0% 

Resident and Migrant Adults 

– uniform  

Transformers – no range 

proposed 

Rationale  

 

See Alternative Fish Impact Assessment - Addendum 2: Turbine Avoidance Behaviour of Fish (TLSB, 2017). 

Draw Zone 

area 

Area of draw-

zone based on 

peak velocity 

through tidal 

cycle. 

Equations developed linking swim speed and Draw Zone area to allow more accurate setting of Draw Zone area for specific swim speeds. Range of Draw Zone areas across the 

tidal cycle included from hydrodynamic modelling. Volumetric approach used for very slow swim speeds (<0.2ms-1). 

Rationale  

 

During turbine and sluice operations water velocities and subsequently draw zone size, will vary throughout the tidal cycle. The peak draw zone areas were used for the original ADZ deterministic 

model submitted on 8 July 2016. A table of values for peak and average areas of the draw zone used were provided in TLSBs submission on 8 July 2016 and is reproduced below: 
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Model 

parameter 

Original 

parameter 

value (8 July 

2016) 

Realistic best case Realistic worst case Distribution 

 
The volumetric approach has been used for individuals of swim speeds of less than 0.2ms-1. The corresponding draw zone is of such a low flow rate that it is indistinguishable from the baseline 

tidal flows found in Swansea Bay. It is therefore assumed in this case that fish present in the volume of water which enters the lagoon from the Bay (approximately 4% of Swansea Bay) will 

encounter the turbine and sluice gate housing structure. Conversely, when the lagoon empties on the ebb tide the volume of water leaving is also used (and equates to approximately 50% of the 

lagoon volume). 

 

Generating 

period 

Flood 

generation – 

14,400 

seconds 

Flood sluicing – 

1,800 seconds 

Ebb generation 

- 14,400 

seconds  

Ebb sluicing – 

1,800 seconds 

Distributed between actual operating periods over a year. 

 

Rationale  
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Model 

parameter 

Original 

parameter 

value (8 July 

2016) 

Realistic best case Realistic worst case Distribution 

 

During turbine operation the length of the electricity generating phase will vary, as will the period that the sluices are open, both varying according to the size of the tide. The parameter is now 

distributed between the actual times of the generating periods over a year. 

 

Age 

structure 

Leaves river as 

juvenile. 

 

Resident for 3 

years before 

returning to 

rivers to spawn 

once. 

 

11.8% natural 

annual 

mortality 

Leaves river as juvenile. 

 

 

Resident for 1.67 years before returning to 

rivers to spawn once. 

 

 

 

 

9.2% natural annual mortality 

Leaves river as juvenile. 

 

 

Resident for 3 years before returning to 

rivers to spawn once. 

 

 

 

 

14.4% natural annual mortality 

 

 

All – uniform 

Rationale  

 

The species is semelparous (not a repeat spawner). Sea lamprey ammocoetes (larvae) inhabit burrows in muddy/sandy substrata for their first 5–6 years before migrating to sea when it becomes 

a ‘transformer’.  It spends its adult life feeding in the sea for 20-36 months (Kottelat and Freyhof, 2007). Natural annual mortality of sea lamprey was estimated by Robinson et al. (2013) of 

between 9.2 and 14.4%. 

 

Fecundity 172,000 eggs 

per female 

260,000 eggs per female 124,000 eggs per female  All – uniform 

Rationale  

 

Female sea lamprey have been estimated to lay on average, 172,000 eggs (Maitland, 1980). Vladykov (1951) provided a range of 124,000 to 260,000 eggs per female based on average of 204 

eggs/g of body weight. 
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Model 

parameter 

Original 

parameter 

value (8 July 

2016) 

Realistic best case Realistic worst case Distribution 

Sex ratio 5:1 

male:female 

ratio 

1.26:1 male:female ratio 1:1 male:female ratio All – uniform 

Rationale  

 

Hardisty and Potter (1971) noted that sex ratios in Lampetra vary from near-equality to as much as five males to one female, and suggest that the annual fluctuations are due to environmental 

factors such as temperature or water levels, and that these factors vary from one river system (and one year) to another. NRW(TE) previously commented (16 September 2016) querying the use 

of Hardisty and Potter (1971) for the sex ratios of sea lamprey however no other evidence was identified of sea lamprey sex ratios. Potter et al. (1974) found that populations of sea lamprey in 

Canada had male to female ratios in the range 1:1 to 1.26:1. 

 

Cut-off 

dates 

All - Not 

applied 

Transformer – not applied 

 

Resident – not applied 

 

Migrant Adult – applied 

Rationale  

 

A cut-off date at the end of the modelled spawning migration for returning adult migrants is applied for any fish remaining within the lagoon, in mid-June. 

 

Retention 

time 

All – not 

applied 

All – not applied 

Diurnal 
behaviour 

Transformers 
– not applied 
Resident  
Adults – 
applied 
Migrant 
Adults – not 
applied 

No range proposed. 
Transformers – applied 
 
Resident Adults – not applied 
 
Migrant Adults – applied 
 

Rationale  
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Model 

parameter 

Original 

parameter 

value (8 July 

2016) 

Realistic best case Realistic worst case Distribution 

 

Migratory movement peaks two hours after nightfall and ceases by about 02:00 (Hardisty and Potter, 1971). 
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3.7 Herring (Clupea harengus) 

Table 3.7 Distribution of parameters for Monte Carlo analysis and original parameter values in 8 July 2016 submission – herring  

Model 

parameter 

Original value (8 

July 2016) 

Realistic best case Realistic worst case Distribution 

STRIKERv.5TM 

injury rate 

All – mean value 

from STRIKERv.4TM 

injury rate 

Juvenile – mean=0.24%, SD=0.24%. 

Adult – mean=1.92%, SD=1.51%.  

All lifestages use distribution from STRIKERv.5TM injury rate as reported in THA Aquatic (May 2017) 

 

Rationale  

 

Monte Carlo analysis of the STRIKERv.5TM injury rate model has been conducted to account for individuals passing between the hub and tip of the turbine, the orientation of the individual, 

length-distribution of the individual and associated mutilation ratio variation, and the tidal state over the year. No variation for pressure and shear injury rates has been included as these factors 

are reduced to near zero in the turbines being used for TLSB, calculated from computational fluid dynamic modelling undertaken by GE-Andritz Hydro (TLSB, 2015). 

 

Population 

range 

(excluding 

lagoon area) 

Juvenile – 

531,910ha 

 

 

 

 

 

 

 

 

 

Adult – 531,910ha 

No range proposed 

Juvenile – 579,000ha 

 
Adult – 579,000ha 
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Model 

parameter 

Original value (8 

July 2016) 

Realistic best case Realistic worst case Distribution 

Rationale 

 

Parker-Humphreys (2004) shows herring present within the Bristol Channel. Spawning is believed to occur sporadically in this area. The assessment considers the smallest discrete population 

for this species. Adult herring that move into the Bristol Channel in the winter to spawn from deeper waters, and juveniles that are spawned in the Bristol Channel before moving to deeper 

waters are modelled. 

 

Duration of 

presence 

Juvenile – 60 tides 

Adult – 60 tides  

Juvenile – 32 tides 

Adult – 60 tides 

Juvenile – 180 tides 

Adult – 60 tides 

Juvenile – uniform 

Adult – no range proposed 

Rationale  

 

Juvenile - Cefas suggested a swim speed of 0.2 to 2.67 bls-1 for juvenile herring and this has been incorporated into the model, along with for juvenile shad. This gives an average swim speed of 

0.08ms-1 for juvenile herring and, given the maximum distance to exit the population area (c.110km), at this swimming speed the individuals could exit the population area within 16 days (32 

tides). This has therefore been set as the minimum number of tides present with a longer duration of presence in the population area (180 tides) as the maximum number of tides present to 

model a slower dispersion. 

 

Adult - Adult herring are found offshore in general, moving into coastal areas to spawn. Spawned larvae then move with the tide and juveniles move back out to sea to mature. Therefore, 

presence in coastal areas of the Bristol Channel is limited to short periods of time. In addition, monitoring of herring spawning within Swansea Bay has been ongoing for the last three years with 

no evidence of spawning herring being found in Swansea Bay. 

 

Seasonal 

presence 

Juvenile -  July to 

January 

Adult – February 

to April 
 

 

Fish length Juvenile -  

0.0625m  

Adult – 0.25m 

Juvenile - normal distribution (mean=0.055m, SD=0.025m) 

 

Adult - normal distribution (mean=0.25m, SD=0.075m) 
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Model 

parameter 

Original value (8 

July 2016) 

Realistic best case Realistic worst case Distribution 

 

Swim speed 

(and 

equivalent 

draw zone 

size) 

Juvenile – 0.30ms-1 

Adult – 1.02ms-1 

Juvenile – 2.67bls-1 

 

Adult – 3bls-1 

 

Juvenile – 0.2bs-1 

 

Adult – 1bls-1 

 

All - uniform 

Rationale  

 

Juvenile – Moyano et al. (2016) give estimates of the critical swimming speeds (no time limit quoted in abstract) of juvenile herring which range from 0.6 cms-1 up to 6-8 cms-1, for the post-flexion 

stage (probably about 3 cm). As these values are well below 0.2 ms-1, they will not affect the draw zone size. Newly hatched herring larvae swam at 80-150 mms-1 and the older herring at 100-

160 mms-1 (1.6-2.56bls-1) depending on temperature (Huse and Ona (1996); Batty (1987); Batty and Blaxter (1992); He and Wardle (1988)). 
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Model 

parameter 

Original value (8 

July 2016) 

Realistic best case Realistic worst case Distribution 

Adult - Swimming speeds of 0.25–0.35ms-1 for lengths between 26–36 cm (0.74-1.44bls-1). The maximum sustained speed measured was 4.06 bls-1 or 1.02ms-1 (Huse and Ona (1996); Batty 

(1987); Batty and Blaxter (1992); He and Wardle (1988)). Huse and Ona (1996) observed that negative buoyancy in herring seemed to be controlled through constant swimming at speeds 

between 0.25–0.42 ms−1 in order to generate sufficient lift with the pectoral fins. Cruising speeds of shad were found to be between 1-3bls-1 and therefore to maintain consistency with shad 

cruising speeds a range of 1-3 bls-1 is proposed. 

 

Avoidance 

factor 

All – No avoidance 

factor applied 

All – 28.5% All – 99% All - uniform 

Rationale  

 

See Alternative Fish Impact Assessment - Addendum 2: Turbine Avoidance Behaviour of Fish (TLSB, 2017). 

 

Draw Zone 

area 

Area of draw-zone 

based on peak 

velocity through 

tidal cycle. 

Equations developed linking swim speed and Draw Zone area to allow more accurate setting of Draw Zone area for specific swim speeds. Range of Draw Zone areas 

across the tidal cycle included from hydrodynamic modelling. Volumetric approach used for very slow swim speeds (<0.2ms-1). 

Rationale  

 

During turbine and sluice operations water velocities and subsequently draw zone size, will vary throughout the tidal cycle. The peak draw zone areas were used for the original ADZ 

deterministic model submitted on 8 July 2016. A table of values for peak and average areas of the draw zone used were provided in TLSBs submission on 8 July 2016 and is reproduced below: 
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Model 

parameter 

Original value (8 

July 2016) 

Realistic best case Realistic worst case Distribution 

 
 

The volumetric approach has been used for individuals of swim speeds of less than 0.2ms-1. The corresponding draw zone is of such a low flow rate that it is indistinguishable from the baseline 

tidal flows found in Swansea Bay. It is therefore assumed in this case that fish present in the volume of water which enters the lagoon from the Bay (approximately 4% of Swansea Bay) will 

encounter the turbine and sluice gate housing structure. Conversely, when the lagoon empties on the ebb tide the volume of water leaving is also used (and equates to approximately 50% of 

the lagoon volume).  

 

Generating 

period 

Flood generation – 

14,400 seconds 

Flood sluicing – 

1,800 seconds 

Ebb generation - 

14,400 seconds  

Ebb sluicing – 

1,800 seconds 

Distributed between actual operating periods over a year. 

 

Rationale  

 

During turbine operation the length of the electricity generating phase will vary, as will the period that the sluices are open, both varying according to the size of the tide. The parameter is now 

distributed between the actual times of the generating periods over a year. 
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Model 

parameter 

Original value (8 

July 2016) 

Realistic best case Realistic worst case Distribution 

Age 

structure  

6 years as juvenile 

and 19 years as 

adult. 

Age structure based on lifetable from RWE (2013) 

Rationale  

 

 

Fecundity Not used within the assessment 

Sex ratio Not used within the assessment 

Cut-off dates Not used within the assessment 

Retention 

time 

Not used within the assessment 
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Model 

parameter 

Original value (8 

July 2016) 

Realistic best case Realistic worst case Distribution 

Diurnal 

behaviour 

Not used within the assessment 
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3.8 Sandeel (Ammodytes spp) 

Table 3.8 Distribution of parameters for Monte Carlo analysis and original parameter values in 8 July 2016 submission – sandeel 

Model 

parameter 

Original 

value (8 July 

2016) 

Realistic best case Realistic worst case Distribution 

STRIKERv.5TM 

injury rate 

Mean value 

from 

STRIKERv.4TM 

injury rate  

Mean=0.71%, SD=0.49%. 

All lifestages use distribution from STRIKERv.5TM injury rate as reported in THA Aquatic (May 2017) 

 

Rationale  

 

Monte Carlo analysis of the STRIKERv.5TM injury rate model has been conducted to account for individuals passing between the hub and tip of the turbine, the orientation of the individual, length-

distribution of the individual and associated mutilation ratio variation, and the tidal state over the year. No variation for pressure and shear injury rates has been included as these factors are 

reduced to near zero in the turbines being used for TLSB, calculated from computational fluid dynamic modelling undertaken by GE-Andritz Hydro (TLSB, 2015). 

 

Population 

range 

531,910ha 

 

No range proposed 

579,000ha 

 
 

Rationale  

 

The population range of the Bristol Channel is deemed appropriate given that Cefas research reports (Ellis et al., 2012) state the main spawning areas for sandeel are located to the west of the Bristol 

Channel, with high intensity spawning grounds located off the north Cornish coast. This is supported by Cefas data which indicates low numbers of sandeel larvae are recorded to the east of the 

Gower. The fact that sandeel spawn outside Swansea Bay indicates that mixing must occur as both juveniles (migrating from spawning areas) and adults (migrating to spawn). The assessment 

considers the smallest discrete population range for this species. 
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Model 

parameter 

Original 

value (8 July 

2016) 

Realistic best case Realistic worst case Distribution 

Duration of 

presence 

Population 

split evenly 

through the 

year, 60 

tides 

duration of 

presence 

All population present for a range of 5 to 7 months will be included by modelling fish being either buried or active in both April and October (with all individuals assumed to be buried 

from November-March, and all individuals assumed to be active from May-September). 

 

 

Rationale  

 

Sandeel activity patterns have strong seasonal components. During autumn and winter they hibernate in the seabed, generally in coarse sands or fine gravel. During spring and summer they exhibit 

diurnal movements between the seafloor, where they bury themselves at night, and the water column, where they feed on plankton during daylight. Wright et al. (2000); Holland et al. (2005); Winslade 

(1974); Freeman et al. (2004). 

 

Seasonal 

presence 

Population 

equally 

distributed 

through the 

year 

 

 

Fish length 0.109m Normal distribution (mean=0.12m, SD=0.019m) 

 

 

Swim speed 

(and 

equivalent 

draw zone 

size) 

MSSS - 

0.4ms-1 

 

2.75bls-1 0.7bls-1 Uniform 

Rationale  

 

Literature reports that for Ammodytes americanus (the American sand lance) (mean length 18.2 cm) swimming speed at sea was found to be 30 - 50 cms-1 when schools were swimming undisturbed, 

and not engaged in feeding. Schools exhibiting feeding behaviour were usually found to swim at about half the speed of undisturbed schools, or about 15-25 cms-1. Mean swim speed 0.4 ms-1, max 

swim speed 0.76 ms-1. Routine swimming speed of lesser sandeel has been reported at 0.9 ± 0.06 bls–1 (Meyer et al. (1979); Behrens and Steffensen (2007)). 
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Model 

parameter 

Original 

value (8 July 

2016) 

Realistic best case Realistic worst case Distribution 

The evidence presented for Ammodytes americanus shows swimming speeds of between 0.82bls-1 up to 2.75bls-1. Given the range suggested by Cefas, a slower minimum value will be used as it falls 

outside of this range identified previously, but the faster swimming speeds are still considered appropriate. A range of 0.7-2.75bls-1 is therefore proposed. 

 

Avoidance 

factor 

No 

avoidance 

factor 

applied 

99% 28.5% Uniform 

Rationale  

 

See Alternative Fish Impact Assessment - Addendum 2: Turbine Avoidance Behaviour of Fish (TLSB, 2017). 

 

Draw Zone 

area 

Area of 

draw-zone 

based on 

peak velocity 

through tidal 

cycle. 

Equations developed linking swim speed and Draw Zone area to allow more accurate setting of Draw Zone area for specific swim speeds. Range of Draw Zone areas across the tidal 

cycle included from hydrodynamic modelling. Volumetric approach used for very slow swim speeds (<0.2ms-1). 

Rationale  

 

During turbine and sluice operations water velocities and subsequently draw zone size, will vary throughout the tidal cycle. The peak draw zone areas were used for the original ADZ deterministic 

model submitted on 8 July 2016. A table of values for peak and average areas of the draw zone used were provided in TLSBs submission on 8 July 2016 and are reproduced below: 
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Model 

parameter 

Original 

value (8 July 

2016) 

Realistic best case Realistic worst case Distribution 

 
The volumetric approach has been used for individuals of swim speeds of less than 0.2ms-1. The corresponding draw zone is of such a low flow rate that it is indistinguishable from the baseline tidal 

flows found in Swansea Bay. It is therefore assumed in this case that fish present in the volume of water which enters the lagoon from the Bay (approximately 4% of Swansea Bay) will encounter the 

turbine and sluice gate housing structure. Conversely, when the lagoon empties on the ebb tide the volume of water leaving is also used (and equates to approximately 50% of the lagoon volume). 

 

Generating 

period 

Flood 

generation – 

14,400 

seconds 

Flood 

sluicing – 

1,800 

seconds 

Ebb 

generation - 

14,400 

seconds  

Ebb sluicing 

– 1,800 

seconds 

Distributed between actual operating periods over a year. 
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Model 

parameter 

Original 

value (8 July 

2016) 

Realistic best case Realistic worst case Distribution 

Rationale  

 

During turbine operation the length of the electricity generating phase will vary, as will the period that the sluices are open, both varying according to the size of the tide. The parameter is now 

distributed between the actual times of the generating periods over a year. 

 

Age 

structure  

7 years 

 

Age structure based on lifetable from RWE (2013) 

Rationale  

 

Fecundity Not used within the assessment 

Sex ratio Not used within the assessment 
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Model 

parameter 

Original 

value (8 July 

2016) 

Realistic best case Realistic worst case Distribution 

Cut-off 

dates 

Not used within the assessment 

Retention 

time 

Not used within the assessment 

Diurnal 

behaviour 

Not applied 90% buried between 10pm-6am, 50% buried between 6am-8pm, 

30% buried between 8am-4pm, and 60% buried between 4pm-

10pm. 

80% buried between 10pm-6am, 20% buried between 

6am-8am, 15% buried between 8am-4pm, and 20% 

buried between 4pm-10pm. 

Uniform 

 

Rationale  

 

Figure 2 from Wright et al. (2000) presented below shows that for sandeels 80-90% were buried between 10pm and 6am, 20-50% buried between 6am and 8am, 15-30% buried between 8am and 

4pm and 20-60% buried between 4pm and 10pm. Therefore, a diurnality factor will be included (Wright et al. (2000); Holland et al. (2005); Winslade (1974); Freeman et al. (2004); Hobson (1986)). 
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3.9 Cod (Gadus morhua) 

Table 3.9 Distribution of parameters for Monte Carlo analysis and original parameter values in 8 July 2016 submission – cod 

Model parameter Original 

parameter value 

(8 July 2016) 

Realistic best case Realistic worst case Distribution 

STRIKERv.5TM 

injury rate 

All – mean value 

from 

STRIKERv.4TM 

injury rate 

Juvenile – mean=1.21% , SD=0.89% 

Adult – mean=2.24%, SD=1.45% 

All lifestages use distribution from STRIKERv.5TM injury rate as reported in THA Aquatic (May 2017). 

 

Rationale  

 

Monte Carlo analysis of the STRIKERv.5TM injury rate model has been conducted to account for individuals passing between the hub and tip of the turbine, the orientation of the individual, 

length-distribution of the individual and associated mutilation ratio variation, and the tidal state over the year. No variation for pressure and shear injury rates has been included as these 

factors are reduced to near zero in the turbines being used for TLSB, calculated from computational fluid dynamic modelling undertaken by GE-Andritz Hydro (TLSB, 2015). 

 

Population area 

(excluding lagoon 

area) 

 

 

 

 

All – 531,910ha 

 

 

No range proposed 

Juvenile – 579,000ha 

 
 

 

 

 

 

 

Adult – 579,000ha 
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Model parameter Original 

parameter value 

(8 July 2016) 

Realistic best case Realistic worst case Distribution 

 

Rationale  

 

There is no evidence of cod either spawning, or forming a discrete resident population, within Swansea Bay. The assessment considers the smallest discrete population for this species. The 

smallest discrete population of this species is likely to be a Bristol Channel population, although at this scale, given the wide ranging nature of the species, there is likely to be some exchange 

with the wider Celtic Sea population of cod. The nearest area in which cod are known to spawn in significant numbers is Trevose Head on the North Cornwall coast (Ellis et al., 2012). Other 

sources. Such as Potts and Swaby (1993) suggest that the main contributing spawning ground to juvenile cod found within the Severn Estuary is located west of Hartland Point, in the Bristol 

Channel. As can be seen from Figure 9.7 of the TLSB ES (TLSB, 2014), some larvae have been recovered in the nearby Carmarthen Bay, though at very low densities. These are larvae which have 

passively drifted into inshore waters from offshore spawning areas.  

The likely origin of juvenile cod in Swansea Bay is likely to be the spawning grounds near Trevose Head, Cornwall. After spending a period of time in the larval stage near Trevose Head, some 

juvenile cod then appear to move into the Bristol Channel as a nursery ground for a number of years (Ellis et al., 2012), before maturing and moving into deeper waters offshore. As adults, cod 

move back into the Bristol Channel during the winter.  

The population range and thus assessment scale for both cod juveniles and adults will therefore be the Bristol Channel, with juveniles present between June and February in the area and adults 

moving into the Bristol Channel during the winter. This assessment is likely to be an overestimate given that there is some exchange in the population between the Bristol Channel and the other 

nursery and overwintering grounds around the Celtic Sea. 

 

Number of tides 

present 

All – population 

split between 

August to March, 

60 tide duration 

of presence 

 

Juvenile – all population present during periods of seasonal presence 

 

Adult - all population present during periods of seasonal presence, with partial entry and exit at the beginning and end of the seasons (October and February) 
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Model parameter Original 

parameter value 

(8 July 2016) 

Realistic best case Realistic worst case Distribution 

Seasonal 

presence 

All – August to 

March 

(cod/whiting 

juvenile and adult 

combined) 
 

Rationale  

 

Juveniles – Impingement data from Hinkley Point B (Cefas, 2011), presented in the chart below, shows juvenile presence from June to February in the Bristol Channel, with limited presence 

during March to May. 

 
 

Adults – Adults move into the Bristol Channel during the winter (October-February) from deeper waters. 

 

Cod Fishing seasons for Charter Boats and Shore Anglers : 

 

Species January February March April May June July August September October November December 

Cod             
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Model parameter Original 

parameter value 

(8 July 2016) 

Realistic best case Realistic worst case Distribution 

Fish length All – 0.22m Juvenile - normal distribution (mean=0.17m, SD=0.05m) 

 

Adult - normal distribution (mean=0.275m, SD=0.05m) 

Rationale  

 

Cod adult length-frequency distribution generated from Claridge et al. (1986) gave a range of 5.5-56.1cm for cod in the Bristol Channel. Data from characterisation and baseline surveys 

conducted by TLSB found no individual larger than 40cm within Swansea Bay, and a modal value between 20-30cm. This confirms that the population present are sub-adult, with the adults 

likely to be foraging further offshore or caught by the commercial fishery. 

 

 

Swim speed (and 

equivalent draw 

zone size) 

All – 0.5ms-1 Juvenile – 1.0bls-1 

Adult – 1.0bls-1 

Juvenile – 0.5bls-1 

Adult – 0.5bls-1 

Juvenile – uniform 

Adult – uniform 

Rationale  

 

The MSSS of a 35cm cod is about 50 cms-1 (Wingert et al. (1997); He (1993); He and Wardle (1988); Breen et al. (2004)). Thurston and Gehrke (1993) found the MSSS of 27cm cod to be 1.44-

1.95bls-1. 

 

He (1991) found swimming speeds of 30cm cod of 0.9-1bls-1. Claireaux (1995) found the swimming speeds of free-swimming cod of 0.5bls-1. Ferno et al. (2011) found swim speeds of Atlantic 

cod to be primarily in the region of 1bls-1. Wingert et al. (1997) found cod (0.41-0.86m) swam with cruising speeds below 0.6ms-1. Maximum cruising speeds are therefore 1.43bls-1. Syme et al. 

(2008) did not measure swimming speed but used speeds of 0.3 to 1.0 bls-1 in studies of steady swimming behaviour in cod. A range of 0.5-1bls-1 is therefore proposed, with a uniform 

distribution, given that it is likely that the extreme cruising speeds (0.3bls-1 from Syme et al. (2008), and 1.43bls-1 from Wingert et al. (1997)) may occur relatively infrequently. 
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Model parameter Original 

parameter value 

(8 July 2016) 

Realistic best case Realistic worst case Distribution 

Avoidance factor All – No 

avoidance factor 

applied 

All – 99% avoidance All – 28.5% avoidance All – uniform 

Rationale  

 

See Alternative Fish Impact Assessment - Addendum 2: Turbine Avoidance Behaviour of Fish (TLSB, 2017). 

 

Draw Zone area All - Area of draw-

zone based on 

peak velocity 

through tidal 

cycle. 

Equations developed linking swim speed and Draw Zone area to allow more accurate setting of Draw Zone area for specific swim speeds. Range of Draw Zone areas 

across the tidal cycle included from hydrodynamic modelling. Volumetric approach used for very slow swim speeds (<0.2ms-1). 

Rationale  

 

During turbine and sluice operations water velocities and subsequently draw zone size, will vary throughout the tidal cycle. The peak draw zone areas were used for the original ADZ 

deterministic model submitted on 8 July 2016. A table of values for peak and average areas of the draw zone used were provided in TLSBs submission on 8 July 2016 and are reproduced 

below: 
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Model parameter Original 

parameter value 

(8 July 2016) 

Realistic best case Realistic worst case Distribution 

 

The volumetric approach has been used for individuals of swim speeds of less than 0.2ms-1. The corresponding draw zone is of such a low flow rate that it is indistinguishable from the 

baseline tidal flows found in Swansea Bay. It is therefore assumed in this case that fish present in the volume of water which enters the lagoon from the Bay (approximately 4% of Swansea 

Bay) will encounter the turbine and sluice gate housing structure. Conversely, when the lagoon empties on the ebb tide the volume of water leaving is also used (and equates to approximately 

50% of the lagoon volume).   

 

Generating period Flood generation 

– 14,400 seconds 

Flood sluicing – 

1,800 seconds 

Ebb generation - 

14,400 seconds  

Ebb sluicing – 

1,800 seconds 

Distributed between actual operating periods over a year. 

 

Rationale  

 

During turbine operation the length of the electricity generating phase will vary, as will the period that the sluices are open, both varying according to the size of the tide. The parameter is now 

distributed between the actual times of the generating periods over a year. 

 

Age structure  All – 7 years of 

age 

Lifetable from Turnpenny (1989) 

Rationale  

 

Cod reside for up to two years in the nursery grounds of the Bristol Channel, before moving to deeper waters as an adult. Old, large fish are now rare (Henderson, 2015). Parker-Humphreys 

(2004) indicates a maximum length of 80cm for cod within the Bristol Channel. ICES (2006) suggests an age growth curve for Atlantic cod that shows an 80cm cod is approximately 6 years of 

age. Brander (1994) also suggests Celtic Sea cod reach a weight of 15kg by age 7, but with no further data on cod older than this age. 
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Model parameter Original 

parameter value 

(8 July 2016) 

Realistic best case Realistic worst case Distribution 

 
 

Fecundity Not used within the assessment 

Sex ratio Not used within the assessment 

Cut-off dates Not used within the assessment 

Retention time  Not used within the assessment 

Diurnal behaviour Not used within the assessment 
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3.10 Whiting (Merlangius merlangus) 

Table 3.10 Distribution of parameters for Monte Carlo analysis and original parameter values in 8 July 2016 submission – whiting 

Model parameter Original 

parameter value 

(8 July 2016) 

Realistic best case Realistic worst case Distribution 

STRIKERv.5TM 

injury rate 

All – mean value 

from 

STRIKERv.4TM 

injury rate 

Juvenile – mean=1.20% , SD=0.89% 

Adult – mean=2.79%, SD=1.79% 

All lifestages use distribution from STRIKERv.5TM injury rate as reported in THA Aquatic (May 2017). 

Rationale  

 

Monte Carlo analysis of the STRIKERv.5TM injury rate model has been conducted to account for individuals passing between the hub and tip of the turbine, the orientation of the individual, 

length-distribution of the individual and associated mutilation ratio variation, and the tidal state over the year. No variation for pressure and shear injury rates has been included as these 

factors are reduced to near zero in the turbines being used for TLSB, calculated from computational fluid dynamic modelling undertaken by GE-Andritz Hydro (TLSB, 2015). 

 

Population area 

(excluding lagoon 

area) 

 

 

 

 

All – 531,910ha 

 

 

No range proposed 

Juvenile – 579,000ha 

 
 

 

 

 

 

 

Adult – 579,000ha 
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Model parameter Original 

parameter value 

(8 July 2016) 

Realistic best case Realistic worst case Distribution 

 

Rationale  

 

There is no evidence of whiting spawning within Swansea Bay, or a discrete population of whiting within Swansea Bay. The assessment considers the smallest discrete population for this species. 

The smallest discrete population of this species is likely to be a Bristol Channel population, although at this scale given the wide ranging nature of the species there is likely to be some exchange 

with the wider Celtic Sea population of whiting.  

The nearest area in which whiting are known to spawn in significant numbers is Trevose Head on the North Cornwall coast (Ellis et al., 2012; Lee and Ramster, 1981). Whiting juveniles prefer a 

depth range of between 5m and 30m and are common in the Bristol Channel (Potts and Swaby, 1993) and are found within Swansea Bay (Ellis et al., 2012; TLSB, 2014).  After spending a period 

of time in the larval stage near Trevose Head, some juvenile whiting then appear to move into the Bristol Channel as a nursery ground (Ellis et al., 2012) for around a year before maturing and 

moving into deeper waters offshore (Hehir, 2003).  

Adults are most common at 25-100m depth (Henderson, 2015). Such areas are largely outside Swansea Bay and extend out into the Celtic Sea. As adults, whiting begin to mature at year 2 with 

full recruitment to the fishery by year 3, and Hehir (2003) found few individuals older than age 6 in the Celtic Sea (see tables below). Individuals move back into the Bristol Channel during the 

autumn/winter (Gordon, 1977, Newton, 1986).  

The population range and thus assessment scale for both whiting juveniles and adults will therefore be the Bristol Channel, with juveniles present year-round in this area and adults moving 

into the Bristol Channel during the autumn/winter (September to January). This assessment is likely to be an overestimate given that there is some exchange in the population between the 

Bristol Channel and the other nursery and overwintering grounds around the Celtic Sea. 
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Model parameter Original 

parameter value 

(8 July 2016) 

Realistic best case Realistic worst case Distribution 
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Model parameter Original 

parameter value 

(8 July 2016) 

Realistic best case Realistic worst case Distribution 

Number of tides 

present 

All – population 

split between 

August to March, 

60 tide duration 

of presence 

Juvenile – all population present during periods of seasonal presence 

 

Adult - all population present during periods of seasonal presence, with partial entry and exit at the beginning and end of the seasons (October and February) 

 

Seasonal 

presence 

All – August to 

March 

(cod/whiting 

juvenile and adult 

combined) 
 

Rationale  

 

Juveniles arrive in Bristol Channel in late summer and reside for one year before migrating to open sea (Hehir, 2003) 

Adults move back into Bristol Channel during Autumn/Winter – September to January. Adults fished for by commercial and recreational fishermen in the Bristol Channel from September to 

February.  

Fishing Seasons for Charter Boats and Shore Anglers 

Species January February March April May June July August September October November December 

Whiting                         

 

 

Fish length All – 0.22m Juvenile - normal distribution (mean=0.17m, SD=0.05m) 

 

Adult - normal distribution (mean=0.325m, SD=0.06m) 
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Model parameter Original 

parameter value 

(8 July 2016) 

Realistic best case Realistic worst case Distribution 

 

Swim speed (and 

equivalent draw 

zone size) 

All – 0.5ms-1 Juvenile - 1.0bls-1 

 

Adult – 1.0bls-1 

Juvenile - 0.5bls-1 

 

Adult - 0.5bls-1 

Juvenile – uniform 

 

Adult - uniform 

Rationale  

 

Given the morphological similarity between cod and whiting, it is considered reasonable to utilise consistent swimming ability and speeds for both species, so a range of 0.5-1bls-1 is proposed. 

 

Avoidance factor All – No 

avoidance factor 

applied 

All – 99% avoidance All – 28.5% avoidance All – uniform 

Rationale  

 

See Alternative Fish Impact Assessment - Addendum 2: Turbine Avoidance Behaviour of Fish (TLSB, 2017). 

 

Draw Zone area All - Area of draw-

zone based on 

peak velocity 

through tidal 

cycle. 

Equations developed linking swim speed and Draw Zone area to allow more accurate setting of Draw Zone area for specific swim speeds. Range of Draw Zone areas 

across the tidal cycle included from hydrodynamic modelling. Volumetric approach used for very slow swim speeds (<0.2ms-1). 

Rationale  
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Model parameter Original 

parameter value 

(8 July 2016) 

Realistic best case Realistic worst case Distribution 

During turbine and sluice operations water velocities and subsequently draw zone size, will vary throughout the tidal cycle. The peak draw zone areas were used for the original ADZ 

deterministic model submitted on 8 July 2016. A table of values for peak and average areas of the draw zone used were provided in TLSBs submission on 8 July 2016 and is reproduced below: 

 
 

The volumetric approach has been used for individuals of swim speeds of less than 0.2ms-1. The corresponding draw zone is of such a low flow rate that it is indistinguishable from the 

baseline tidal flows found in Swansea Bay. It is therefore assumed in this case that fish present in the volume of water which enters the lagoon from the Bay (approximately 4% of Swansea 

Bay) will encounter the turbine and sluice gate housing structure. Conversely, when the lagoon empties on the ebb tide the volume of water leaving is also used (and equates to approximately 

50% of the lagoon volume).   

 

 

 

Generating period 

 

 

Flood generation 

– 14,400 seconds 

Flood sluicing – 

1,800 seconds 

Ebb generation - 

14,400 seconds  

Ebb sluicing – 

1,800 seconds 

 

Distributed between actual operating periods over a year. 
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Model parameter Original 

parameter value 

(8 July 2016) 

Realistic best case Realistic worst case Distribution 

Rationale  

 

During turbine operation the length of the electricity generating phase will vary, as will the period that the sluices are open, both varying according to the size of the tide. The parameter is now 

distributed between the actual times of the generating periods over a year. 

 

Age Structure All – 7 years of 

age 

Lifetable from Turnpenny (1989) 

 

Fecundity Not used within the assessment 

Sex ratio Not used within the assessment 

Cut-off dates Not used within the assessment 

Retention time  Not used within the assessment 

Diurnal behaviour Not used within the assessment 
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3.11 Sole (Solea solea) 

Table 3.11 Distribution of parameters for Monte Carlo analysis and original parameter values in 8 July 2016 submission – sole 

Model 

parameter 

Original 

parameter value 

(8 July 2016) 

Realistic best case Realistic worst case Distribution 

STRIKERv.5TM 

injury rate 

Juvenile – mean 

value from 

STRIKERv.4TM 

injury rate 

Juvenile – mean=0.97% , SD=0.77% 

Adult – mean=3.06%, SD=1.86% 

All lifestages use distribution from STRIKERv.5TM injury rate as reported in THA Aquatic (May 2017). 

Rationale  

 

Monte Carlo analysis of the STRIKERv.5TM injury rate model has been conducted to account for individuals passing between the hub and tip of the turbine, the orientation of the individual, 

length-distribution of the individual and associated mutilation ratio variation, and the tidal state over the year. No variation for pressure and shear injury rates has been included as these 

factors are reduced to near zero in the turbines being used for TLSB, calculated from computational fluid dynamic modelling undertaken by GE-Andritz Hydro (TLSB, 2015). 

 

Population 

area 

(excluding 

lagoon area) 

 

 

 

 

Juvenile – 

531,910ha 

 

 

No range proposed 

Juvenile – 579,000ha 
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Model 

parameter 

Original 

parameter value 

(8 July 2016) 

Realistic best case Realistic worst case Distribution 

Adult – 579,000ha 

 

Rationale  

 

The main spawning areas for sole in the Celtic Sea are in deep waters (40-75m) off Trevose Head, where spawning usually takes place between March and May. There is a recognised Bristol 

Channel spawning population of sole (Henderson and Seaby, 2005), which has a fidelity to local spawning and nursery areas. No sole eggs or larvae have been recovered within Swansea Bay 

(TLSB ES Figure 9.11). Evidence, however, indicates that information is sparse for the Bristol Channel, especially in shallow, littoral areas, and the last targeted work was conducted in 1990 with 

large offshore trawls (Ellis et al., 2012).  

 

Young sole dominate the shallow (<20m) region whilst larger sole will be found in deeper water. (Henk et al., 1996). Sole nursery grounds are generally located in shallow waters such as estuaries, 

tidal inlets and sandy bays. 

Swansea Bay is a known nursery area for sole (Figure 9.19) and the Bristol Channel as a whole has been identified in several key publications as an important nursery ground for sole (Potts and 

Swaby, 1993; Coull et al., 1998). Sole juveniles have been caught through surveys just outside Swansea Bay, and further accounts have indicated an abundance of juvenile sole using the muddy 

sand areas within the Bay itself (Lancaster, J., pers. comm., 2013). In the Bristol Channel 0-group and 1-group sole are caught at all depths (Symonds and Rogers (1995)).  

 

The assessment considers the smallest discrete population for this species, and the evidence presented above suggests that this is for a Bristol Channel population given that spawning takes 

place outside of this area, with juveniles moving into nursery grounds and to reside as adults. 

 

Number of 

tides present 

Juvenile - 

population split 

between March 

to December, 60 

tide duration of 

presence 

Juvenile – all population present during periods of seasonal presence 

 

Adult - all population present during periods of seasonal presence 
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Model 

parameter 

Original 

parameter value 

(8 July 2016) 

Realistic best case Realistic worst case Distribution 

Seasonal 

presence 

Juvenile – March 

to December 

 

Rationale 

 

Spawning takes place between April and June in the outer parts of the Bristol Channel and Cardigan Bay.  

 

Sole tend to live in deeper water in the winter but come into shallower water to feed and spawn when the weather warms up in the spring and summer, when they may be at encounter risk. 

Juveniles (younger than two years of age) stay in shallow waters including in the Bristol Channel. Migration into deeper waters during winter enables young sole to avoid the low temperatures to 

which they are particularly susceptible (Claridge and Potter, 1987; Bird, 2008). Adults also migrate into deeper water in the winter in order to avoid low temperatures. (Kay and Dipper, 2009; Henk 

et al., 1996; Bird, 2008) after c. 2 years (Burt and Milner, 2008).  

 

Fish length Juvenile – 

0.1225m 

Juvenile - normal distribution (mean=0.145m, SD=0.05m) 

 

Adult - normal distribution (mean=0.35m, SD=0.04m) 
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Model 

parameter 

Original 

parameter value 

(8 July 2016) 

Realistic best case Realistic worst case Distribution 

Length frequency and seasonal presence information taken from ES Vol 3. Chapter 9 :  

 

 

 

 

 

 

 

Swim speed 

(and 

equivalent 

draw zone 

size) 

Juvenile – 0.08ms-

1 

Juvenile - 1.15bls-1 

 

Adult - 1.15bls-1  

Juvenile - 0.6bls-1 

 

Adult -  0.6bls-1 

Juvenile – uniform 

 

Adult – uniform  

Rationale  

 

Various studies of flatfish swimming speeds have been reviewed to establish this parameter. 

Juvenile sole swimming speeds of 0.6-0.7 bls-1 were found by Faria et al. (2010) and Sureau and Lagardére (1991). A study of adult flounder (51.8cm) found swim speeds in the range 0.58-0.77bls-

1, with a mean of 0.61±0.3bls-1 (Kawabe et al., 2004) and Webb (2002) found 22cm plaice to swim at between 15 and 25cms-1, equating to 0.68-1.14bls-1. 

 

A range of 0.6-1.15bls-1 is therefore proposed for both juvenile and adult lifestages of sole to incorporate this range of evidence. 

Avoidance 

factor 

All – No 

avoidance factor 

applied 

All – 99% avoidance All – 28.5% avoidance All – uniform 

Rationale  
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Model 

parameter 

Original 

parameter value 

(8 July 2016) 

Realistic best case Realistic worst case Distribution 

See Alternative Fish Impact Assessment - Addendum 2: Turbine Avoidance Behaviour of Fish (TLSB, 2017). 

 

Draw Zone 

area 

All - Area of draw-

zone based on 

peak velocity 

through tidal 

cycle. 

Equations developed linking swim speed and Draw Zone area to allow more accurate setting of Draw Zone area for specific swim speeds. Range of Draw Zone areas across 

the tidal cycle included from hydrodynamic modelling. Volumetric approach used for very slow swim speeds (<0.2ms-1). 

Rationale  

 

During turbine and sluice operations water velocities and subsequently draw zone size, will vary throughout the tidal cycle. The peak draw zone areas were used for the original ADZ 

deterministic model submitted on 8 July 2016. A table of values for peak and average areas of the draw zone used were provided in TLSBs submission on 8 July 2016 and are reproduced 

below: 

 
 

The volumetric approach has been used for individuals of swim speeds of less than 0.2ms-1. The corresponding draw zone is of such a low flow rate that it is indistinguishable from the baseline 

tidal flows found in Swansea Bay. It is therefore assumed in this case that fish present in the volume of water which enters the lagoon from the Bay (approximately 4% of Swansea Bay) will 

encounter the turbine and sluice gate housing structure. Conversely, when the lagoon empties on the ebb tide the volume of water leaving is also used (and equates to approximately 50% of 

the lagoon volume).   
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Model 

parameter 

Original 

parameter value 

(8 July 2016) 

Realistic best case Realistic worst case Distribution 

Generating 

period 

Flood generation 

– 14,400 seconds 

Flood sluicing – 

1,800 seconds 

Ebb generation - 

14,400 seconds  

Ebb sluicing – 

1,800 seconds 

Distributed between actual operating periods over a year. 

 

Rationale  

 

During turbine operation the length of the electricity generating phase will vary, as will the period that the sluices are open, both varying according to the size of the tide. The parameter is now 

distributed between the actual times of the generating periods over a year. 

Age structure Juvenile – 3 years Lifetable from Turnpenny (1989) 

Rationale  

 

The majority of individuals living to 6 years of age (Henderson, 2015). Few reach older ages due to high levels of exploitation.  
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Model 

parameter 

Original 

parameter value 

(8 July 2016) 

Realistic best case Realistic worst case Distribution 

 
 

 

Fecundity Not used within the assessment 

Sex ratio Not used within the assessment 

Cut-off dates Not used within the assessment 
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Model 

parameter 

Original 

parameter value 

(8 July 2016) 

Realistic best case Realistic worst case Distribution 

Retention 

time 

Not used within the assessment. 

Diurnal 

behaviour 

Juvenile – not 

applied 

Juvenile - applied 

Adult - applied 

 Rationale  

 

Sole display highly diurnal behaviour remaining buried during daylight and becoming active at night (Henderson, 2015; Henk et al., 1996). 
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3.12 Plaice (Pleuronectes platessa) 

Table 3.12 Distribution of parameters for Monte Carlo analysis and original parameter values in 8 July 2016 submission – plaice 

Model 

parameter 

Original parameter value 

(8 July 2016) 

Realistic best case Realistic worst case Distribution 

STRIKERv.5TM 

injury rate 

 

 

 

All – mean value from 

STRIKERv.4TM injury rate 

Juvenile – mean=0.36% , SD=0.30% 

 

Adult – mean=2.30%, SD=1.48% 

All lifestages use distribution from STRIKERv.5TM injury rate as reported in THA Aquatic (May 2017). 

Rationale  

 

Monte Carlo analysis of the STRIKERv.5TM injury rate model has been conducted to account for individuals passing between the hub and tip of the turbine, the orientation of the individual, length-

distribution of the individual and associated mutilation ratio variation, and the tidal state over the year. No variation for pressure and shear injury rates has been included as these factors are 

reduced to near zero in the turbines being used for TLSB, calculated from computational fluid dynamic modelling undertaken by GE-Andritz Hydro (TLSB, 2015). 

 

Population 

area 

(excluding 

lagoon area) 

 

 

 

 

Juvenile – 531,910ha 

 

 

No range proposed 

Juvenile – 579,000ha 

 
 

 

 

 

 

 

 

Adult – 579,000ha 
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Model 

parameter 

Original parameter value 

(8 July 2016) 

Realistic best case Realistic worst case Distribution 

 

Rationale  

 

Juvenile plaice have a preference for fine sandy sediments with older fish being occasionally found over coarser sand. Adults are also found in sandy areas at greater depths than juveniles, but 

with movements into shallow areas. Individuals are found at depths from 5-100m. 

 

The ICES area VIIf, in which the project is located, holds a significant population of plaice. The assessment considers the smallest discrete population for this species. Recruitment to Swansea Bay 

and the Bristol Channel occurs from a number of different spawning grounds, with the most likely being located offshore at Trevose Head, Cornwall but with limited additional local spawning 

near Carmarthen Bay. Plaice eggs have been found in plankton surveys within Carmarthen Bay (Coull et al., 1998) (TLSB ES Figure 9.9). However, no eggs or larvae have been recovered in Swansea 

Bay. By the time they reach Swansea Bay the fish have developed into their juvenile demersal stages, using the area as nursery habitat. 

 

During spring, young-of-year plaice start to colonise Swansea Bay and nearby Carmarthen Bay (TLSB ES Figure 9.17). The whole of the south coast of Wales, where sandy substrates are found, 

provides ideal habitat for juveniles of this species. Published fish spawning data (Ellis et al., 2012) indicate Swansea Bay to be a low-intensity, plaice nursery ground and juvenile fish have been 

found in the area through targeted trawl surveys. 

 

This suggests that the Bristol Channel is the smallest discrete population unit for this species, given that the majority of individuals within the population recruit from spawning grounds further 

west. 

 

 Duration of 

Presence 

Juvenile – March to 

October, 60 tide duration 

of presence 

Juvenile – all population present during periods of seasonal presence 

 

Adult - all population present during periods of seasonal presence 
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Model 

parameter 

Original parameter value 

(8 July 2016) 

Realistic best case Realistic worst case Distribution 

Seasonal 

presence 

Juvenile – Population split 

from March to October 

 

Rationale 

Similar to sole, plaice tend to live in deeper water in the winter but come into shallower water to feed and spawn when the weather warms up in the spring and summer, when they may be at 

encounter risk. Juveniles (younger than two years of age) stay in shallow waters including in the Bristol Channel. Migration into deeper waters during winter enables young plaice to avoid the low 

temperatures to which they are particularly susceptible (Claridge and Potter, 1987; Bird, 2008). Adults also migrate into deeper water in the winter in order to avoid low temperatures. (Kay and 

Dipper, 2009; Henk et al., 1996; Bird, 2008) after c. 2 years (Burt and Milner, 2008). 

Fish length Juvenile – 0.1225m Juvenile - normal distribution (mean=0.075m, SD=0.02m) 

 

Adult - normal distribution (mean=0.28m, SD=0.05m) 
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Model 

parameter 

Original parameter value 

(8 July 2016) 

Realistic best case Realistic worst case Distribution 

Length frequency and seasonal presence information taken from ES Vol 3. Chapter 9 :  

 

Swim speed 

(and 

equivalent 

draw zone 

size) 

Juvenile – 0.08ms-1 Juvenile - 1.15bls-1 

Adult - 1.15bls-1  

Juvenile - 0.6bls-1 

Adult -  0.6bls-1 

Juvenile – uniform 

Adult – uniform  

Rationale  

 

Various studies of flatfish swimming speeds have been reviewed to establish this parameter. 

Juvenile sole swimming speeds of 0.6-0.7 bls-1 were found by Faria et al. (2010) and Sureau and Lagardére (1991). A study of adult flounder (51.8cm) found swim speeds in the range 0.58-0.77bls-

1, with a mean of 0.61±0.3bls-1 (Kawabe et al., 2004) and Webb (2002) found 22cm plaice to swim at between 15 and 25cms-1, equating to 0.68-1.14bls-1. 

 

A range of 0.6-1.15bls-1 is therefore proposed for both juvenile and adult lifestages of plaice to incorporate this range of evidence. 

 

Avoidance 

factor 

All – No avoidance factor 

applied 

All – 28.5% avoidance All – 99% avoidance All – uniform 

Rationale  

 

See Alternative Fish Impact Assessment - Addendum 2: Turbine Avoidance Behaviour of Fish (TLSB, 2017). 
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Model 

parameter 

Original parameter value 

(8 July 2016) 

Realistic best case Realistic worst case Distribution 

Draw Zone 

area 

All - Area of draw-zone 

based on peak velocity 

through tidal cycle. 

Equations developed linking swim speed and Draw Zone area to allow more accurate setting of Draw Zone area for specific swim speeds. Range of Draw Zone areas 

across the tidal cycle included from hydrodynamic modelling. Volumetric approach used for very slow swim speeds (<0.2ms-1). 

Rationale  

 

During turbine and sluice operations water velocities and subsequently draw zone size, will vary throughout the tidal cycle. The peak draw zone areas were used for the original ADZ deterministic 

model submitted on 8 July 2016. A table of values for peak and average areas of the draw zone used were provided in TLSBs submission on 8 July 2016 and are reproduced below: 

 
The volumetric approach has been used for individuals of swim speeds of less than 0.2ms-1. The corresponding draw zone is of such a low flow rate that it is indistinguishable from the baseline 

tidal flows found in Swansea Bay. It is therefore assumed in this case that fish present in the volume of water which enters the lagoon from the Bay (approximately 4% of Swansea Bay) will 

encounter the turbine and sluice gate housing structure. Conversely, when the lagoon empties on the ebb tide the volume of water leaving is also used (and equates to approximately 50% of the 

lagoon volume).   

 

 

 

 

 

Flood generation – 

14,400 seconds 

Distributed between actual operating periods over a year. 
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Model 

parameter 

Original parameter value 

(8 July 2016) 

Realistic best case Realistic worst case Distribution 

Generating 

period 

Flood sluicing – 1,800 

seconds 

Ebb generation - 14,400 

seconds  

Ebb sluicing – 1,800 

seconds 

Rationale  

 

During turbine operation the length of the electricity generating phase will vary, as will the period that the sluices are open, both varying according to the size of the tide. The parameter is now 

distributed between the actual times of the generating periods over a year. 

Age structure Juvenile – 3 years Age structure from Turnpenny (1989) 

Rationale  

 

Fecundity Not used within the assessment 
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Model 

parameter 

Original parameter value 

(8 July 2016) 

Realistic best case Realistic worst case Distribution 

Sex ratio Not used within the assessment 

Cut-off dates Not used within the assessment 

Retention 

time 

Not used within the assessment 

Diurnal 

Behaviour 

Juvenile – not applied Juvenile – applied 

Adult - applied 

   

Rationale  

 

De Groot (1964) and Hempel (1964) found that the catches and catch rates of plaice were considerably higher during day time, when the feeding was more intensive than at night. 

 

   

3.13 Bass (Dicentrarchus labrax) 

Table 3.13 Distribution of parameters for Monte Carlo analysis and original parameter values in 8 July 2016 submission – bass 

Model 

parameter 

Original 

parameter value 

(8 July 2016) 

Realistic best case Realistic worst case Distribution 

STRIKERv.5TM 

injury rate 

All – mean value 

from 

STRIKERv.4TM 

injury rate 

Juvenile – mean=0.23% , SD=0.27% 

Sub-adult – mean=1.26%, SD=0.99% 

Adult – mean=3.33%, SD=1.99% 

All lifestages use distribution from STRIKERv.5TM injury rate as reported in THA Aquatic (May 2017). 

Rationale  

 

Monte Carlo analysis of the STRIKERv.5TM injury rate model has been conducted to account for individuals passing between the hub and tip of the turbine, the orientation of the individual, 

length-distribution of the individual and associated mutilation ratio variation, and the tidal state over the year. No variation for pressure and shear injury rates has been included as these 

factors are reduced to near zero in the turbines being used for TLSB, calculated from computational fluid dynamic modelling undertaken by GE-Andritz Hydro (TLSB, 2015). 

 

Population 

area 

Juvenile – 

531,910ha 

No range proposed 

Juvenile – 579,000ha 
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Model 

parameter 

Original 

parameter value 

(8 July 2016) 

Realistic best case Realistic worst case Distribution 

(excluding 

lagoon area) 

 

 

 

 

Adult – 

531,910ha 

 

 

 
 

 

 

 

 

 

 

 

 

Sub-adult – 579,000ha 

 
 

Adult – 579,000ha 
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Model 

parameter 

Original 

parameter value 

(8 July 2016) 

Realistic best case Realistic worst case Distribution 

 

Rationale  

 

Bass spawn offshore in deep water between February and April. They are pelagic spawners and their eggs drift passively through the water column (Pawson and Pickett, 1996). Once hatched, 

juvenile fish will congregate and move inshore into their nursery habitat. It is likely that any bass spawning activity occurs outside of the zone of impact of the project. However, there are several 

areas within the Bristol Channel and the surrounding coastline which offer suitable habitat for juvenile bass as a nursery area as evidenced by the legal protection afforded to particular sites 

including; Three Rivers (Tywi), Burry Inlet (Loughor) and Aberthaw Power Station. The majority of bass recruiting to the Swansea Bay area is thought to originate from an offshore spawning site at 

Trevose Head, Cornwall (Reynolds et al., 2003). 

 

Young of Year (YOY) bass, measuring between 15 and 20 mm, arrive in inshore nursery areas on the south coast of Wales from late June onwards (Reynolds et al., 2003). Jennings et al. (1992) 

indicated that significant numbers of juvenile bass were captured in the vicinity of Oxwich Bay. All of the estuaries within the region are known to hold significant numbers of juvenile bass.   

 

Juveniles remain in nursery grounds for c.3 years (Henderson, 2015), during summer and autumn, moving to deeper waters in winter and spring.  

Both juvenile and adult bass have a seasonal occurrence in Bristol Channel (summer and autumn) with spawning taking place off-shore in continental shelf waters (Henderson, 2015). 

 

Adult bass from the Bristol Channel overwinter off Cornwall prior to spawning in February to April in an area off Trevose Head. After April they start to migrate to summer feeding grounds 

returning to Cornwall in Autumn as temperatures start to fall (ICES, 2001). Juveniles move into the nursery grounds during summer and autumn (June-November). Adults feed in the Bristol 

Channel in the summer and autumn, before moving offshore to Trevose Head to spawn during the winter. 

 

The assessment considers the smallest discrete population for this species, and based on the evidence is above this is considered to be the Bristol Channel. 

 

Number of 

tides present 

Juvenile – 

Population split 

October to 

December, 60 

tide duration of 

presence 

Juvenile – all population present during periods of seasonal presence 

 

Sub-adult - all population present during periods of seasonal presence  

 

Adult - all population present during periods of seasonal presence 
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Model 

parameter 

Original 

parameter value 

(8 July 2016) 

Realistic best case Realistic worst case Distribution 

Adult – 

Population split 

May to 

November, 60 

tide duration of 

presence 

 

 

Seasonal 

presence 

Juvenile – 

October to 

December 

Adult – May to 

November 

  
 

 

 

 

 

 

Rationale  

 

Surveys undertaken in Swansea Bay have shown bass presence to be strongest in spring/summer with reducing numbers in autumn as indicated in chart below (from ES Vol 3. Chap.9) showing 

bass captures during intertidal seine net surveys :   

 
This is supported by the unofficial anglers reporting the season for bass from shore (June to Nov.) whilst boats start a month earlier and fish from May to November. 
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Model 

parameter 

Original 

parameter value 

(8 July 2016) 

Realistic best case Realistic worst case Distribution 

 

Fishing Seasons for Charter Boats and Shore Anglers 

Species        January February March   April   May    June    July    August   September October November December 

Bass (boat)                         

Bass (shore)                         

 

0-group bass aim for head of tide over June-September (Kelley, 1988). From October they head downstream for deeper water (Colclough et al., 2002; Henderson and Bird, 2010). 

Fish length Adult – 0.1885m Juvenile - normal distribution (mean=0.06m, SD=0.023m) 

 

Sub-adult - normal distribution (mean=0.175m, SD=0.06m) 

 

Adult - normal distribution (mean=0.375m, SD=0.03m) 

 

Swim speed 

(and 

equivalent 

draw zone 

size) 

Juvenile – 0.29ms-

1 

Adult – 1.2ms-1 

Juvenile – 3.48bls-1  

 

Sub-adult – 3.48bls-1 

 

Adult – 3.48bls-1  

Juvenile – 0.8bls-1  

 

Sub-adult – 0.8bls-1 

 

Adult – 0.8bls-1 

Juvenile – uniform  

 

Sub-adult – uniform 

 

Adult – uniform 

Rationale  

 

Bass have burst speeds of up to 12bls-1 , MSSS of 7.2bls-1 and an optimum (cruising) swimming speed of 0.3ms-1 at 7oC and up to 0.52ms-1 at 14oC for a 24cm bass (1.25-2.17bls-1) (Claireaux, 

2006). Luna-Acosta (2011) found bass to have a standard metabolic rate (SMR) (i.e. expending no energy whilst swimming) of 70-100, which equates to 0.8-1bls-1. Finally, a study for the Fitfish 

project found Uopt of bass of between 1.51bls-1-3.48bls-1. 

 

A range of swimming speeds between 0.8 and 3.48bls-1 is proposed. This is considered reasonable as bass will be moving rapidly at times whilst pursuing prey, and at other times swimming 

more slowly. 



 

 
Tidal Lagoon Swansea Bay – Monte Carlo analysis of Alternative Draw Zone models Page 126 

TLSB_ML_Fish_June 2017_MCA  
 

 

Model 

parameter 

Original 

parameter value 

(8 July 2016) 

Realistic best case Realistic worst case Distribution 

 

Avoidance 

factor 

All – No 

avoidance factor 

applied 

All – 99% avoidance All – 28.5% avoidance All – uniform 

Rationale  

 

See Alternative Fish Impact Assessment - Addendum 2: Turbine Avoidance Behaviour of Fish (TLSB, 2017). 

 

Draw Zone 

area 

All - Area of draw-

zone based on 

peak velocity 

through tidal 

cycle. 

Equations developed linking swim speed and Draw Zone area to allow more accurate setting of Draw Zone area for specific swim speeds. Range of Draw Zone areas across 

the tidal cycle included from hydrodynamic modelling. Volumetric approach used for very slow swim speeds (<0.2ms-1). 

Rationale  

 

During turbine and sluice operations water velocities and subsequently draw zone size, will vary throughout the tidal cycle. The peak draw zone areas were used for the original ADZ 

deterministic model submitted on 8 July 2016. A table of values for peak and average areas of the draw zone used were provided in TLSBs submission on 8 July 2016 and is reproduced below: 
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Model 

parameter 

Original 

parameter value 

(8 July 2016) 

Realistic best case Realistic worst case Distribution 

 
The volumetric approach has been used for individuals of swim speeds of less than 0.2ms-1. The corresponding draw zone is of such a low flow rate that it is indistinguishable from the baseline 

tidal flows found in Swansea Bay. It is therefore assumed in this case that fish present in the volume of water which enters the lagoon from the Bay (approximately 4% of Swansea Bay) will 

encounter the turbine and sluice gate housing structure. Conversely, when the lagoon empties on the ebb tide the volume of water leaving is also used (and equates to approximately 50% of 

the lagoon volume).   

 

 

 

Generating 

period 

Flood generation 

– 14,400 seconds 

Flood sluicing – 

1,800 seconds 

Ebb generation - 

14,400 seconds  

Ebb sluicing – 

1,800 seconds 

Distributed between actual operating periods over a year. 

 

Rationale  
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Model 

parameter 

Original 

parameter value 

(8 July 2016) 

Realistic best case Realistic worst case Distribution 

During turbine operation the length of the electricity generating phase will vary, as will the period that the sluices are open, both varying according to the size of the tide. The parameter is now 

distributed between the actual times of the generating periods over a year. 

Age structure Juvenile – 6 years 

Adult – 24 years 

Lifetable from Turnpenny and Henderson (1993) 

Rationale  

 

 
 

Fecundity Not used within the assessment 

Sex ratio Not used within the assessment 

Cut-off dates Not used within the assessment 
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Model 

parameter 

Original 

parameter value 

(8 July 2016) 

Realistic best case Realistic worst case Distribution 

Retention 

time  

Not used within the assessment 

Diurnal 

behaviour 

Not used within the assessment 
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4 Monte Carlo analysis results 

4.1 Monte Carlo analysis results 

4.1.1 The results of the Monte Carlo analysis are presented as % Population Impact 

levels, as requested by NRW(TE) and Cefas, rather than % Annual Mortality rates, 

the latter representing the likelihood of a fish entering, leaving or resident in the 

bay being injured, and thus assumed to be killed, by the turbines in any one year. 

4.1.2 The use of the % Population Impact enables a single impact value to be 

determined for each species, from the various % Annual Mortality Rates of each 

lifestage. 

4.1.3 Consequently, the % Population Impact values are not directly comparable with 

the magnitude criteria set out within the ES and ratified with Cefas and NRW (TE) 

(27/1/16) which are based on % Annual Mortality rates. 

4.1.4 % Annual Mortality Rates for each lifestage of a species (such as for Atlantic 

salmon: smolts, 1 sea-winter (1SW) returning adult migrants, multi-sea winter 

(MSW) returning adult migrants and kelts) are calculated by the ADZv.2 models. 

4.1.5 These are then combined using information on population age structures (of the 

various lifestages), survival rates between lifestages, sex ratios of spawning adults 

(the proportion of spawning adults that are male and female) and their 

fecundities (how many eggs a spawning adult produces) into an overall % 

Population Impact, which generates a single impact figure for each species.  

4.1.6 The % Population Impact considers the impact on the species across several 

lifestages. For example, Atlantic salmon may pass the lagoon as a smolt, and then 

again as a returning 1SW adult migrant, and then again as a kelt leaving the river 

after spawning. Each of these lifestages has a % Annual Mortality Rate, but the % 

Population Impact considers the cumulative mortality across all these lifestages 

when impacts are combined. This takes into account three potential 

opportunities for encounter and injury with the turbine and sluice gate housing 

structure. 

4.1.7 % Population Impacts thresholds have been calculated for each species by 

converting the original % Annual Mortality magnitude criteria threshold values 

(1%, 2% and 10%). The corresponding % Population Impacts that relate to these 

% Annual Mortality magnitude criteria (updated from Table 9.5 in the ES and 

agreed with NRW(TE) and Cefas on 27/1/16) are presented in Table 4.1. The 

differences in calculation methods are presented in Section 2.  

4.1.8 The % Population Impact thresholds have been calculated by setting each 

lifestage of a species to a 1%, 2% and 10% Annual Mortality rate respectively 

within the ADZ models to generate % Population Impacts at each threshold. As 

an example, to calculate the appropriate % Population Impact for Atlantic salmon 

that corresponds to the 1% Annual Mortality Rate threshold (the ‘Negligible’ 

impact threshold), 1% Annual Mortality Rates are set within the ADZv.2 model for 
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each lifestage of the species (smolts, 1SW adults, MSW adults and kelts). Applying 

1% Annual Mortality Rates for each lifestage in this way results in a 1.99% 

Population Impact.  

4.1.9 The % Population Impact magnitude thresholds (Negligible, Low, Medium and 

High) are not the same for each species, as the life histories, age structures, 

fecundities and sex ratios of the various species assessed are different. For 

example, some species, such as sea trout are multiple spawners returning to the 

rivers a number of times to spawn where some species are semelparous, 

spawning only once. These differences in life histories, age structures, fecundities 

and sex ratios are reflected in the different % Population Impact threshold values 

for the various species presented in Table 4.1. 

4.1.10 The results of the Monte Carlo analysis are presented in Table 4.2, as mean (1st 

percentile-99th percentile) for Atlantic salmon, sea trout, shad, European eel, river 

lamprey and sea lamprey, and mean (5th percentile-95th percentile) for herring, 

sandeel, cod, whiting, sole, plaice and bass, and are considered against the 

magnitude criteria presented in Table 4.1 to derive significance of effects for each 

species. The probability distributions associated with the Monte Carlo analysis 

results are also provided in Figures 4.1-4.17. 
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Table 4.1 Comparison of % Annual Mortality rates to % Population Impacts for each species 

under consideration, based on the magnitude criteria thresholds 1%, 2% and 

10% Annual Mortality rates applied to each species lifestage. 

Species Population Impact Metric % Population Impact levels calculated from % Annual Mortality rates of each 
magnitude criteria threshold. 

Negligible 

≤1.0% annual 
mortality 

Low 

>1.0 - ≤2.0% 
annual mortality 

Medium 

>2.0 - ≤10.0% 
annual mortality 

High 

>10.0% annual 
mortality 

Atlantic salmon Egg Loss ≤1.99 >1.99 - ≤3.96 >3.96 - ≤ 19.00 >19.00 

Sea trout Egg Loss ≤7.63 >7.63 - ≤14.58 >14.58 - ≤52.43 >52.43 

Shad Egg Loss ≤1.29 >1.29 - ≤2.57 >2.57 - ≤12.30 >12.30 

European eel  % Impact on existing 
Western Wales RBD eel 
escapement 

≤3.85 >3.85 - ≤7.57 >7.57 - ≤33.26 >33.26 

River lamprey Egg Loss ≤1.54 >1.54 - ≤3.05 >3.05 - ≤13.95 >13.95 

Sea lamprey Egg Loss ≤3.86 >3.86 - ≤7.60 >7.60 - ≤33.57 >33.57 

Herring Population Impact ≤1.24 >1.24 - ≤2.48 >2.48 - ≤12.14 >12.14 

Sandeel Population Impact ≤1.41 >1.41 - ≤2.80 >2.80 - ≤13.50 >13.50 

Cod Population Impact ≤1.20 >1.20 - ≤2.40 >2.40 - ≤11.80 >11.80 

Whiting Population Impact ≤1.34 >1.34 - ≤2.68 >2.68 - ≤13.10 >13.10 

Sole Population Impact ≤1.26 >1.26 - ≤2.51 >2.51 - ≤12.28 >12.28 

Plaice Population Impact ≤1.53 >1.53 - ≤3.04 >3.04 - ≤14.53 >14.53 

Bass Population Impact ≤2.98 >2.98 - ≤5.82 >5.82 - ≤24.82 >24.82 
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Table 4.2 Results of Monte Carlo analysis, presented as % Population Impacts 

Species Population 
Impact Metric 

ADZv.1 model 
results 

Deterministic 

ADZv.1 
model scale 

ADZv.2 Monte Carlo analysis 
model results  

(Mean (1st-99th percentile for 
diadromous species; 5th-95th for 
marine species))  

Stochastic 

ADZv.2 model scale 
(smallest discrete 
population / 
management unit 
for each species) 

Value / 
importance of 
receptor 
(based on ES 
Table 9.2) 
 
 

Magnitude of effect 
(based on ES Table 
9.5 updated through 
SoU and adjusted for 
Population Impact 
metrics in Table 4.1 
above) 
 
Mean (1st-99th 
percentile for 
diadromous species; 
5th-95th for marine 
species) 

Significance of 
effect (based on ES 
Table 9.4 updated 
through SoU) 

Confidence 
in impact 
prediction  

Atlantic 
salmon 

% Egg Loss 5.92% Local (Each 
of Swansea 
Bay rivers) 
 

Tawe: 0.19% (0.004%-1.36%) 
Neath: 0.19% (0.005%-1.31%) 
Afan: 0.09% (0.003%-0.60%) 

Local (Each of Rivers 
Tawe, Neath and 
Afan 
independently) 

National Tawe: Negligible 
(Negligible-Negligible) 
Neath: Negligible 
(Negligible-Negligible) 
Afan: Negligible 
(Negligible-Negligible) 

Tawe: Insignificant 
(Insignificant- 
Insignificant) 
Neath: Insignificant 
(Insignificant- 
Insignificant) 
Afan: Insignificant 
(Insignificant- 
Insignificant) 

High 

Sea trout % Egg Loss 10.15% Local (Each 
of Swansea 
Bay rivers) 
 

Tawe: 1.64% (0.24%-7.77%) 
Neath: 1.73% (0.26%-8.18%) 
Afan: 1.39% (0.87%-4.39 %) 

Local (Each of Rivers 
Tawe, Neath and 
Afan 
independently) 

National Tawe: Negligible 
(Negligible-Low) 
Neath: Negligible 
(Negligible-Low) 
Afan: Negligible 
(Negligible-Negligible) 

Tawe: Insignificant 
(Insignificant-
Minor) 
Neath: Insignificant 
(Insignificant-
Minor) 
Afan: Insignificant 
(Insignificant-
Insignificant) 

High 

Shad % Egg Loss 1.57% Bristol 
Channel 

0.08% (0.004%-0.41%) Bristol Channel International Negligible (Negligible-
Negligible) 

Minor (Minor-
Minor) 

High 

European 
eel 

% Impact on 
existing 
Western 

0.15% Western 
Wales RBD 

0.16% (0.0031%-0.80%) Western Wales RBD International Negligible (Negligible-
Negligible) 

Minor (Minor-
Minor) 

High 
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Species Population 
Impact Metric 

ADZv.1 model 
results 

Deterministic 

ADZv.1 
model scale 

ADZv.2 Monte Carlo analysis 
model results  

(Mean (1st-99th percentile for 
diadromous species; 5th-95th for 
marine species))  

Stochastic 

ADZv.2 model scale 
(smallest discrete 
population / 
management unit 
for each species) 

Value / 
importance of 
receptor 
(based on ES 
Table 9.2) 
 
 

Magnitude of effect 
(based on ES Table 
9.5 updated through 
SoU and adjusted for 
Population Impact 
metrics in Table 4.1 
above) 
 
Mean (1st-99th 
percentile for 
diadromous species; 
5th-95th for marine 
species) 

Significance of 
effect (based on ES 
Table 9.4 updated 
through SoU) 

Confidence 
in impact 
prediction  

Wales RBD eel 
escapement 

River 
lamprey 

% Egg Loss 1.47% Bristol 
Channel 

2.32% (0.06%-11.51%) Local (Swansea Bay 
rivers)1 

Local2 Low (Negligible-
Medium) 

Insignificant 
(Insignificant-
Minor) 

High 

Sea 
lamprey 

% Egg Loss 2.80% Bristol 
Channel 

0.26% (0.005%-1.30%) Bristol Channel International Negligible (Negligible-
Negligible) 

Minor (Minor-
Minor) 

High 

Herring % Population 
Impact 

1.18% Bristol 
Channel 

0.02% (0.003-0.06%) Bristol Channel Regional Negligible (Negligible-
Negligible) 

Insignificant 
(Insignificant- 
Insignificant) 

High 

Sandeel % Population 
Impact 

1.39% Bristol 
Channel 

0.06% (0.003%-0.21%) Bristol Channel Local Negligible (Negligible-
Negligible) 

Insignificant 
(Insignificant- 
Insignificant) 

High 

                                                           
1 Higher impacts from July 2016 submission result from a change of scale of assessment as recommended by NRW (TE). It was advised by NRW(TE) that river lamprey are 
unlikely to stray far from their rivers/estuaries during their marine residency phase and thus there would be very limited mixing between the Swansea Bay population of river 
lamprey and the populations of river lamprey from other rivers. Therefore, this assessment is made on the local population of Swansea Bay river lamprey, which are of local 
value, rather than the populations of SAC rivers in the Severn or Carmarthen Bay, whose impact would be zero by this method of assessment.  
2 Given the population scale used for river lamprey, calculating the impact on the local population only which is not subject to any designation, then the value/importance of 
the receptor has been adjusted accordingly. 
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Species Population 
Impact Metric 

ADZv.1 model 
results 

Deterministic 

ADZv.1 
model scale 

ADZv.2 Monte Carlo analysis 
model results  

(Mean (1st-99th percentile for 
diadromous species; 5th-95th for 
marine species))  

Stochastic 

ADZv.2 model scale 
(smallest discrete 
population / 
management unit 
for each species) 

Value / 
importance of 
receptor 
(based on ES 
Table 9.2) 
 
 

Magnitude of effect 
(based on ES Table 
9.5 updated through 
SoU and adjusted for 
Population Impact 
metrics in Table 4.1 
above) 
 
Mean (1st-99th 
percentile for 
diadromous species; 
5th-95th for marine 
species) 

Significance of 
effect (based on ES 
Table 9.4 updated 
through SoU) 

Confidence 
in impact 
prediction  

Cod % Population 
Impact 

2.36% Bristol 
Channel 

0.35% (0.02%-1.07%) Bristol Channel Regional Negligible (Negligible-
Negligible) 

Insignificant 
(Insignificant- 
Insignificant) 

High 

Whiting % Population 
impact 

2.36% Bristol 
Channel 

0.41% (0.03-1.23%) Bristol Channel Regional Negligible (Negligible-
Negligible) 

Insignificant 
(Insignificant- 
Insignificant) 

High 

Sole % Population 
Impact 

0.002% Bristol 
Channel 

0.08% (0.01%-0.26%) Bristol Channel National Negligible (Negligible-
Negligible) 

Insignificant 
(Insignificant- 
Insignificant) 

High 

Plaice % Population 
Impact 

0.03% Bristol 
Channel 

0.06% (0.01%-0.14%) Bristol Channel Regional Negligible (Negligible-
Negligible) 

Insignificant 
(Insignificant- 
Insignificant) 

High 

Bass % Population 
impact 

0.96% Bristol 
Channel 

0.21% (0.04%-0.51%) Bristol Channel Regional Negligible (Negligible-
Negligible) 

Insignificant 
(Insignificant- 
Insignificant) 

High 
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Figure 4.1 Monte Carlo analysis results for Atlantic salmon for the River Tawe 

 
Figure 4.2 Monte Carlo analysis results for Atlantic salmon for the River Neath 
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Figure 4.3 Monte Carlo analysis results for Atlantic salmon for the River Afan 

 

 
Figure 4.4 Monte Carlo analysis results for sea trout for the River Tawe 
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Figure 4.5 Monte Carlo analysis results for sea trout for the River Neath 

 

 
Figure 4.6 Monte Carlo analysis results for sea trout for the River Afan 
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Figure 4.7 Monte Carlo analysis results for shad 

 

 
Figure 4.8 Monte Carlo analysis results for European eel 
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Figure 4.9 Monte Carlo analysis results for river lamprey 

 

 
Figure 4.10 Monte Carlo analysis results for sea lamprey 
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Figure 4.11 Monte Carlo analysis results for herring 

 

 
Figure 4.12 Monte Carlo analysis results for sandeel 
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Figure 4.13 Monte Carlo analysis results for cod 

 

 
Figure 4.14 Monte Carlo analysis results for whiting 

 



 

 
Tidal Lagoon Swansea Bay – Monte Carlo analysis of Alternative Draw Zone models Page 143 

TLSB_ML_Fish_June 2017_MCA  
 

 
Figure 4.15 Monte Carlo analysis results for sole 

 

 
Figure 4.16 Monte Carlo analysis results for plaice 
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Figure 4.17 Monte Carlo analysis results for bass  
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5 Sensitivity Testing 

5.1 Sensitivity Testing Introduction 

5.1.1 The results presented in Section 4 above, based on the parameterisation 

presented in Section 3, represent what TLSB consider to be robust predictions of 

the likely impact of the Project from turbine encounter and injury on the fish VERs 

assessed. TLSB consider that these predictions have been based on the best 

available scientific evidence and technology. 

5.1.2 TLSB has fully engaged with the technical advisors to NRW(PS) as the decision 

maker, namely NRW(TE) and Cefas, and incorporated their advice where it is 

considered reasonable, justified and evidence based, whilst also balancing this 

with the plethora of other evidence available from the scientific literature. 

5.1.3 TLSB has also extensively consulted with, and received advice and evidence from 

its own advisors; the independent Fisheries Peer Review Group (PRG), comprised 

of a range of fisheries experts on diadromous and marine species, as well as its 

advisory consultants, APEM and THA, whose expertise extends to all aspects of 

fisheries and major infrastructure projects in the aquatic and marine 

environments. 

5.1.4 Aspects of the model and its parameterisation were subject to critique from, and 

discussion with, NRW(TE) and Cefas throughout the development process. Some 

suggested parameters have not been incorporated in the final models and 

results due to their uncertainty, data limitations, and difficulty in parameterising 

based on empirical evidence, or simply the fact that they are felt to have a limited 

impact on the modelled outcomes. Such parameters have been subject to 

sensitivity tests to demonstrate the sensitivity of the model to these changes. 

5.1.5 The list of aspects to be sensitivity tested, and the approach for doing so, was 

developed and agreed at the meeting of 2/3 May with NRW(TE) and Cefas.  

5.2 Integrated Blade Strike Injury Model 

5.2.1 The Monte Carlo analysis has been conducted using the outputs of the 

STRIKERv.5TM blade strike injury model, taking a mirror of the exact frequency 

distribution generated by the STRIKERv.5TM model for each species lifestage 

under consideration.  

5.2.2 A sensitivity test has been run of the Atlantic salmon model for the River Tawe to 

investigate how the results change by utilising the outputs from the STRIKERv.5TM 

model filtered by length, to enable both the STRIKERv.5TM and the ADZv.2 model 

to be run with consistent fish lengths.  

5.2.3 As the STRIKERv.5TM injury rate is applied in a similar manner for each model and 

species, it is considered that this test is representative of each model and species 

and no further testing is required. 
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5.2.4 The results of this sensitivity test is presented in Figure 5.1.As illustrated below 

the output shows a very similar result to the use of the mirrored distribution from 

the STRIKERv.5TM model (Fig. 4.1 above). Both methods produced a mean value of 

0.19% Population Impact and 99th percentile values of 1.36% and 1.33% for the 

original, and integrated versions of the model and the results suggest limited 

sensitivity of the model to these two integration options. 

 

Figure 5.1 Monte Carlo analysis sensitivity test of the Atlantic salmon model for the River Tawe 

using consistent lengths with the STRIKERv.5TM blade strike injury model. 

Table 5.1 Comparison of ADZv.2 model results with results from sensitivity test of 

integrated blade strike injury model 

Species  Population Impact Metric 
ADZ (Version 2) Monte Carlo 
analysis model results 

Atlantic 
salmon 

ADZv.2 model results % Egg Loss Tawe: 0.19% (0.004%-1.36%) 

Integrated blade strike injury model 
sensitivity test results 

% Egg Loss Tawe: 0.19% (0.004% - 1.33%)  

 

5.3 Alternative Application of Avoidance Behaviour 

5.3.1 Alternative Fish Impact Assessment Addendum 2: Turbine Avoidance Behaviour in Fish 

(TLSB, May 2017) presents an alternative approach for implementing avoidance 

behaviour within the ADZv.2 models.  

5.3.2 This approach, involving the subjective banding of fish according to their sensory 

perception and swimming ability, has been tested for Atlantic salmon and 

European eel and the results are presented Figures 5.2 and 5.3 and for 

comparative purposes in Table  5.2. 

5.3.3 The results show similar or slightly lower mean impacts for the species using the 

alternative ‘banding’ method suggesting that the original banding, whilst broader, 

was more conservative in its nature. Using this banding, there are slightly higher 

impacts at the 99th percentile for Atlantic salmon, which is likely to be caused by 
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more individuals of migratory lifestages that are within the lagoon avoiding exiting 

the turbines in extreme cases, and thus more being subject to the assumed loss 

if present within the lagoon beyond the cut-off date applied. 99th percentile 

impacts for European eel are slightly lower.  

 

Figure 5.2 Monte Carlo analysis sensitivity test of the Atlantic salmon model for the River Tawe 

using the alternative avoidance approach set out within Alternative Fish Impact 

Assessment Addendum 2: Turbine Avoidance Behaviour in Fish (TLSB, May 2017). 
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Figure 5.3 Monte Carlo analysis sensitivity test of the European eel model using the 

alternative avoidance approach set out within Alternative Fish Impact Assessment 

Addendum 2: Turbine Avoidance Behaviour in Fish (TLSB, May 2017). 

Table 5.2 Comparison of ADZv.2 model results with results from sensitivity test of 

alternative application of avoidance behaviour 

Species  Population Impact Metric 
ADZ (Version 2) Monte Carlo 
analysis model results 

Atlantic 
salmon 

ADZv.2 model results % Egg Loss Tawe: 0.19% (0.004%-1.36%) 

Alternative application of 
avoidance behaviour sensitivity 
test results 

% Egg Loss Tawe: 0.17% (0.003% - 1.66%)  

European 
eel 

ADZv.2 model results 
% Impact on existing Western 
Wales RBD eel escapement 

0.16% (0.0031%-0.80%) 

Alternative application of 
avoidance behaviour sensitivity 
test results 

% Impact on existing Western 
Wales RBD eel escapement 

0.16% (0.0037% - 0.69%) 

 

5.4 Retention Time 

5.4.1 NRW(TE) and Cefas have expressed the opinion that there may be effects on any 

migrating individuals if they enter the lagoon (passing through the turbines 

uninjured) and remain within the lagoon for a period of time. The rationale for 

this view being that they may miss optimum migration windows or conditions and 

thus would be lost from the population or contribute less to future generations.  

5.4.2 It has been acknowledged by all parties that there is no empirical data on which 

to define parameters for implementing retention time within the model. 

Therefore, the approach suggested below is presented to demonstrate the 

sensitivity of the model to this concern only, and does not represent the view of 

TLSB whom consider there is insufficient evidence on which to conclude that 

retention within the lagoon for a set period of time may cause a loss to the 

population. The exception to this being fish retained in the lagoon immediately 

before their spawning period and for which a cut-off date has been applied.  

5.4.3 Given that Atlantic salmon have cut-off dates applied for outward migrating 

smolts and inward migrating adults and are therefore likely to represent the 

species with the greatest potential influence from this parameter, retention time 

has been incorporated within the Atlantic salmon model for the River Tawe.  The 

losses from the cut-off dates have been replaced with the retention time 

parameter within the models for this sensitivity test. 

5.4.4 Smolts: The smolt run for Atlantic salmon is modelled to begin in mid-March, with 

a peak in April and May and then finishing in mid-June. Decreasing retention time 

limits before loss through the smolt run are applied within the model as follows: 

 Individuals that enter the lagoon before mid-April are modelled to be lost 

after 30 days, before the peak of the run; 

 Individuals that enter the lagoon between mid-April and mid-May are 

modelled to be lost after 20 days before the end of the run; 
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 Individuals that enter the lagoon between mid-May and the start of June 

are modelled to be lost after 10 days before the end of the run; and 

 Individuals that enter the lagoon after the start of June are modelled to be 

lost after 4 days, as these individuals are leaving the rivers at the end of the 

run and may be more sensitive to longer delays. 

5.4.5 Adults: Returning adults to spawn are modelled to begin returning from February, 

with a peak in June and July and the final individuals entering the rivers in 

November. Decreasing retention time-limits, before loss for returning adults, are 

applied within the model as follows: 

 Individuals that enter the lagoon before the start of June are modelled to 

be lost after 30 days, before the peak of the run; 

 Individuals that enter the lagoon during June and July are modelled to be 

lost after 20 days before the end of the run; 

 Individuals that enter the lagoon between August and October are 

modelled to be lost after 10 days before the end of the run; and 

 Individuals that enter the lagoon after the start of November are modelled 

to be lost after 4 days, as these individuals are entering the rivers at the 

end of the run and may be more sensitive to longer delays. 

5.4.6 This approach has been tested for Atlantic salmon in the River Tawe and the 

results are presented in Figure 5.4 below. The results show slightly lower impacts 

for the species and are likely to be as a result of late-running fish entering the 

lagoon being allowed a small number of tides to leave before being counted as a 

loss, rather than the immediate loss of late-running fish entering the lagoon that 

is currently assumed within the model through the application of a cut-off date. 

 

Figure 5.4 Monte Carlo analysis sensitivity test of the Atlantic salmon model for the River Tawe 

implementing a retention time parameter in place of a cut-off date. 

Table 5.3 Comparison of ADZv.2 model results with results from sensitivity test of retention 

time parameter 
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Species  Population Impact Metric 
ADZ (Version 2) Monte Carlo 
analysis model results 

Atlantic 
salmon 

ADZv.2 model results % Egg Loss Tawe: 0.19% (0.004%-1.36%) 

Retention time parameter 
sensitivity test results 

% Egg Loss Tawe: 0.12% (0.002% - 0.94%)  

 

5.5 Atlantic salmon fecundity from length-weight and weight-fecundity 

relationship 

5.5.1 An alternative approach to parameterizing the fecundity of Atlantic salmon 

individuals within the model has been tested, to examine the sensitivity of this 

parameter to the results of the models. The approach used converts the lengths 

of fish to weights, using the relationship derived by NRW for the River Dee Index 

River as shown in Figure 5.5. 

 

Figure 5.5 Relationship between fish length and weight from River Dee. 

5.5.2 The derived fish weight is then converted to a fecundity value using the 

relationship from the Tawe Egg Deposition Rate (EDR) assessment shown in 

Figure 5.6 which relates fish weight to fecundity in number of eggs.  
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Figure 5.6 Relationship between fish weight and fecundity (in number of eggs) from NRW 

Tawe EDR assessment. 

5.5.3 The results of this sensitivity test presented in Figure 5.7.  This shows limited 

change from the original model run, which set fecundity rates as a uniform range 

between upper and lower fecundity values from the Tawe EDR assessment, 

indicating that the model is insensitive to this parameter. 

 

Figure 5.7 Monte Carlo analysis sensitivity test of the Atlantic salmon model for the River Tawe 

setting fecundity by calculating fish weight from fish length and fecundity from fish 

weight using relationships derived from NRW data. 
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Table 5.4 Comparison of ADZv.2 model results with results from sensitivity test of Atlantic 

salmon fecundity 

Species  Population Impact Metric 
ADZ (Version 2) Monte Carlo 
analysis model results 

Atlantic 
salmon 

ADZv.2 model results % Egg Loss Tawe: 0.19% (0.004%-1.36%) 

Atlantic salmon fecundity 
sensitivity test results 

% Egg Loss Tawe: 0.18% (0.004% - 1.34%)  

 

5.6 Alternative migratory salmonid duration of presence 

5.6.1 A sensitivity test has been run on the duration of the presence parameter for 

Atlantic salmon adult migrants returning to spawn, and for sea trout adult 

migrants returning to spawn and kelts leaving post-spawning. This has been 

conducted by collating a set of duration of presence data from tagging and 

tracking studies from the Taff, Usk, Tawe and North Esk that tracked individuals 

from the marine environment into an estuary/head of tide. A summary of this 

data is provided in Appendix 1. 

5.6.2 This data has some limitations for use given that only selected observations have 

been made in Swansea Bay relating to individuals migrating to local rivers, whilst 

the other observations are made in locations with different hydrodynamic and 

geographic conditions. In addition, the tracks of fish used are, in most cases, over 

a considerably greater distance than fish would be required to cover from the 

outer edge of Swansea Bay to the estuaries of the Neath, Afan or Tawe.  

Only tagged salmon which were known to have been released in the open sea 

were considered (thus excluding estuarine releases) consequently only 26 

observations are used to set the distribution, which has been sampled 100,000 

times within the sensitivity test, meaning that each observation is used just under 

4,000 times within the model. This potentially skews the distribution if the 26 

observations are not representative of the wider pattern of migration.  

5.6.3 Finally, deriving some durations of presence from the studies required some 

inference from the data presented, as not all studies explicitly stated times of 

travel for each individual, and rounding to the nearest day.  

5.6.4 Notwithstanding this, the data used serves to demonstrate that there appears to 

be a skew in the duration of presence parameter towards shorter migrations, 

with some individuals showing more wandering/searching behaviour and thus 

taking longer to migrate into the estuary. The results of utilising this data to set 

the duration of presence parameter within the model for Atlantic salmon and sea 

trout is shown in Figures 5.8 and 5.9, and whilst these show an increase in the 

impact level from the ADZv.2 model, in terms of overall significance (Table 4.2) the 

assessment remains similar, namely insignificant to minor. 
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Figure 5.8 Monte Carlo analysis sensitivity test of the Atlantic salmon model for the River Tawe 

implementing an altered duration of presence parameter using data from tagging 

and tracking studies around the UK coastline. 

 

Figure 5.9 Monte Carlo analysis sensitivity test of the sea trout model for the River Tawe 

implementing an altered duration of presence parameter using data from tagging 

and tracking studies around the UK coastline. 
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Table 5.5 Comparison of ADZv.2 model results with results from sensitivity test of Atlantic 

salmon duration of presence 

Species  Population Impact Metric 
ADZ (Version 2) Monte Carlo 
analysis model results 

Atlantic 
salmon 

ADZv.2 model results % Egg Loss Tawe: 0.19% (0.004%-1.36%) 

Altered salmonid duration of 
presence sensitivity test results 

% Egg Loss Tawe: 0.27% (0.006% - 2.07%)  

Sea trout 
ADZv.2 model results % Egg Loss Tawe: 1.64% (0.24%-7.77%) 

Altered salmonid duration of 
presence sensitivity test results 

% Egg Loss Tawe: 1.96% (0.25% - 10.37%)  

 

5.7 Summary of sensitivity tests 

5.7.1 A summary of the results of the various sensitivity tests undertaken is presented 

in Table 5.6, for ease of comparison of how the changes influence the model 

results. The results show small increases or decreases in modelled impact levels 

depending on the test employed and it is therefore considered that the current 

models describe an appropriate representative scenario. 

 

Table 5.6 Summary of sensitivity tests conducted on the ADZv.2 models. 

Species ADZv.2 

model 

results 

Sensitivity Test 

Integrated 

Blade Strike 

Injury Model 

Alternative 

Application of 

Avoidance 

Behaviour 

Retention 

Time 

Atlantic 

salmon 

fecundity from 

length-weight 

and weight-

fecundity 

relationship 

Alternative 

migratory 

salmonid 

duration of 

presence 

Atlantic 

salmon – 

River Tawe 

0.19% 

(0.004%-

1.36%) 

0.19% 

(0.004%-

1.33%) 

0.17% 

(0.003%-

1.66%) 

0.12% 

(0.002%-

0.94%) 

0.18% 

(0.004%-

1.34%) 

0.27% 

(0.006%-

2.07%) 

Sea trout – 

River Tawe 

1.64% 

(0.24%-

7.77%) 

 

Not tested Not tested Not tested Not tested 1.96% 

(0.25%-

10.37%) 

European 

eel 

0.16% 

(0.0031%-

0.80%) 

Not tested 0.16% 

(0.0037%-

0.69%) 

Not tested Not tested Not tested 

 

5.7.2 All alterations that were subject to the independent sensitivity tests described 

above have been incorporated into a single model run of the Atlantic salmon 

model for the River Tawe. The results of this model run are provided in Figure 

5.10, and shows a slight increase overall in modelled impacts. It is considered that 

this shows the models are relatively insensitive to the changes tested, and given 
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that the changes tested in some instances are not considered to be based on the 

best available evidence, the modelled impacts are considered appropriate for use 

in decisions making. 

 

Figure 5.10  Monte Carlo analysis sensitivity test of the Atlantic salmon model for the River 

Tawe implementing all alternative parameters subjected to sensitivity testing. 
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6 Mitigation 

6.1.1 The results of the Monte Carlo analysis conducted on the ADZv.2 models 

presented in Section 4 above show that no predicted impacts would be above 

‘Minor adverse’, and therefore under the EIA process no additional species 

specific mitigation is required.  

6.1.2 Notwithstanding this, as a responsible developer acknowledging the first of a kind 

nature of the Project and with a reverence for nature at our core, TLSB would like 

to support a fund to improve the status of the fish species most likely to be 

impacted by the lagoon based upon the impacts predicted in this paper.  

6.1.3 TLSB propose that the delivery mechanism for this fund would be agreed with 

Welsh Government and NRW (PS), with spend allocated to activities, modifications 

and delivery organisations to maximise the benefits to the species of concern 

utilising the extensive technical and local knowledge of NRW (TE). TLSB is keen to 

contribute to habitat improvements and this mirrors the desire of NRW (TE) as set 

out within the Sustainable inland fisheries in Wales: an agenda for change (NRW, 

undated) which states that NRW wish to achieve ‘Greater access to industry 

mitigation funds for fish habitat improvement work.’ 

6.1.4 Should monitoring of the Project through the AEMP (see Section 7 below) show 

impacts greater than predicted, then the activities/modifications implemented as 

part of this fund will be considered as mitigation of these impacts in the first 

instance, with additional improvements from the activities/modifications 

considered as enhancement. 

6.1.5 The procedures for adaptive management of fisheries if necessary, following the 

results of monitoring, will also be set out within the AEMP. 
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7 Monitoring 

7.1.1 Further to the information on monitoring of impacts provided within the 

Mitigation, Monitoring and Offsetting Framework (TLSB, 2016), additional 

evidence has been identified which supports the use of certain monitoring 

techniques within the marine environment, for a project of this nature and scale. 

Hydro-acoustic cameras 

7.1.2 Hydro-acoustic (underwater) cameras have recently been used to monitor fish 

movements in the vicinity of marine turbines. Studies include:  

 Shen et al. (2016)  and Viehman and Zydlewski (2014) studying movement 

of fish approaching two hydro-kinetic turbine devices in Cobscook Bay, 

Maine, USA; 

 Bevelheimer et al. (2016) using multibeam sonar to assess fish interactions 

with Verdant Power’s tidal stream devices in the East River, New York; 

 Smit et al. (2016) using hydro-acoustic cameras in high velocity, turbid 

conditions to monitor the intake of a bulb turbine hydro-scheme at Den 

Oever sluices in the Netherlands; and 

 TLSB are working with SEACAMS2 and Swansea University on developing 

methods of multibeam echo-sounder and sonar imaging for monitoring of 

fish presence and movements within Swansea Bay.  Work in Scotland has 

demonstrated that such devices can be used to assess behaviour and 

responses to marine structures, including turbines (Williamson B.J et al 

2017).  

Sensor Fish 

7.1.3 Sensor fish have been used in a number of locations in order to assist the 

validation of fish injury and computational fluid dynamic models. Studies include: 

 Deng et al. (2005) reported on studies undertaken by Pacific Northwest 

National Laboratory where Sensorfish were used to assess conditions 

within hydro-electric sites on the Columbia River, USA;  

 Deng et al. (2014) describes the design, calibration and field testing of a 

new autonomous sensor fish device; 

 Deng et al. (2016) used this Sensorfish to investigate passage through 

Francis turbines in Idaho and Oregon in the north eastern USA; and 

 Deng et al. (2017) again used this Sensorfish device to evaluate fish 

passage conditions on a dam spillway on the USA-Canada border. 

7.1.4 The detailed monitoring programme for fish, as for other environmental 

receptors, will be provided within the Adaptive Environmental Management Plan 

(AEMP) for the Project, the provision of which is specified under DCO 

Requirement 6 and is also likely to form a condition of the Project Marine Licence. 
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Appendix 1: Technical Note: Summary of Salmonid Tagging and 

Tracking Studies 

 

Background 

 

Many studies involving the tagging and tracking of migratory salmonids have been undertaken 

in the UK and beyond. These have generally focused on either the outward migration of fish 

from freshwater to sea, or the movements of fish from an estuarine reach into freshwater.  

Tagging and tracking beyond the estuary and into coastal waters is likely to have been 

restricted as a result of the cost, logistics and limited technology historically available in order 

to tag and track fish in the marine environment.  

 

However, knowledge of the in-shore movements of diadromous fish species is important 

when assessing the potential impact of tidal lagoons and any other structures in the marine 

environment.  In order to undertake a robust fish impact assessment for TLSB studies have 

been sought which provide evidence of the time taken for salmonids to move from the coastal 

environment into the relative sanctuary of their natal estuary whilst returning as adults to 

spawn.  

 

Estimating Duration of Salmonid Presence in Swansea Bay.  

 

The duration of time that individuals take to return to their natal estuary in Swansea Bay will 

affect the encounter rates of fish with the turbine and sluice gate housing structure. The more 

tides that individuals are present in the Bay, the greater the likelihood of fish encountering 

and entering the turbines.  Fish that pass through the Bay into the estuaries in the shortest 

time will be less likely to be entrained and possibly injured given that they will be showing less 

straying or wandering behaviour off their migratory route. 

 

It is therefore important to identify the time fish reside in the Bay or the time taken to pass 

through it. Once in the estuary of the Tawe, Neath or Afan the fish are no longer in Swansea 

Bay and are not at risk of encountering the turbine and sluice gate housing structure of the 

lagoon.  

 

One of the few sources of available data to determine fish transit times, arises from the historic 

tagging and tracking studies, some of which, have records of fish movements in the marine 

environment.  

 

Available Surveys 

 

Tagging and tracking studies which have released fish in the marine (coastal) environment and 

for which some data is available include: 

 Cardiff Bay Barrage – Assessment of Impact on Salmonid Fisheries  Annual Report 

1990 – Year One Pre-Barrage Construction (Gough and Jones, 1991); 
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 Usk Tracking Study - A Study of the Migratory Behaviour of Salmon in Relation to 

Critical Environmental Criteria in the Usk Estuary - Report No. EAE / 91/ 3 (Mills et al., 

1991);     

 TLSB Swansea Bay Fish Tracking Programme – 2015 (THA Aquatic, 2017); and  

 The Coastal Movements of Returning Atlantic Salmon, Salmo salar L. (Hawkins et al., 

1978).  

 

Other studies have considered movement within estuaries only (and have therefore more 

limited applicability) and include: 

 Freshwater migration of sea trout (Salmo trutta L. ) in the River Tywi during 1988., 

1989 and 1990 (Evans et al., 1994); 

 Use of telemetric tracking to examine environmental influences on catch/effort 

indices. A case study of Atlantic Salmon (Salmo salar L.) in the R. Tywi, S.Wales (Clarke 

et al., 1992); 

 Effects of hot dry summers on the loss of Atlantic salmon, Salmo salar from estuaries 

in South West England (Solomon and Sambrook, 2004); and 

 River Dee Tracking Studies Estuarial Migration of Atlantic Salmon in the River Dee 

(N.Wales) (Purvis et al., 1994). 
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Summary of Tracking Data  

 

The table below summarises details obtained from the published reports listed above. Where 

the summary data is not specific then a conservative estimate has been made. For example 

the Usk tracking report states that of the twelve fish returning to the estuary from the sea ‘7 

of them’ did so ‘in less than 3 days’.  These are thus recorded as having taken 3 days to enter 

the estuary.  

 

 
 

 

Summary of Known Coastal Release Fish Tracks

Year 
Tagging 

Scheme

No. Of 

Days 
Species

Actual / 

Estimate

Fish ID 

(where 

available)

Extent of Movement 

Recorded

Month of 

Release

2015 Swansea 1 Salmon Actual 37876 Coast to tidal limit Nov

2015 Swansea 1 Sea Trout Actual 37883 Coast to tidal limit Sept

1990 Taff 1 Salmon Actual Coast to Freshwater Nov

1990 Taff 1 Salmon Actual Coast to Freshwater Nov

1990 Taff 1 Salmon Actual Coast to Freshwater Dec

1978 N Esk 1 Salmon Actual Sabrina Coast to Freshwater July

1978 N Esk 1 Salmon Actual Sugar Coast to Freshwater July

1988 Tywi 1 Salmon Estimate 75cm Estuarine to freshwater Nov

1988 Tywi 1 Salmon Estimate 63cm Estuarine to freshwater August

1988 Tywi 1 Salmon Estimate 67cm Estuarine to freshwater August

1990 Taff 2 Salmon Actual Coast to Freshwater Nov

1978 N Esk 2 Salmon Actual Solon Coast to Freshwater July

1988/89 Usk 3 Salmon Estimate Coast to estuary

1988/89 Usk 3 Salmon Estimate Coast to estuary

1988/89 Usk 3 Salmon Estimate Coast to estuary

1988/89 Usk 3 Salmon Estimate Coast to estuary

1988/89 Usk 3 Salmon Estimate Coast to estuary

1988/89 Usk 3 Salmon Estimate Coast to estuary

1988/89 Usk 3 Salmon Estimate Coast to estuary

1990 Tywi 3 Sea Trout Estimate 29BD2 Estuarine to freshwater May

1988 Tywi 4 Sea Trout Estimate 22FC1 Estuarine to freshwater May

2015 Swansea 6 Sea Trout Actual 37901 Coast to tidal limit Oct

2015 Swansea 7 Salmon Actual 37894 Coast to tidal limit Dec

1990 Taff 8 Salmon Actual Coast to Freshwater Oct

1990 Taff 9 Salmon Actual Coast to Freshwater Dec

1988/89 Usk 10 Salmon Estimate Coast to estuary

1988 Tywi 12 Sea Trout Estimate 30EB4 Estuarine to freshwater May

1990 Tywi 12 Sea Trout Estimate 22RD9 Estuarine to freshwater Oct

1990 Tywi 13 Sea Trout Estimate 30DD2 Estuarine to freshwater Apr

1988/89 Usk 15 Salmon Estimate Coast to estuary

1990 Tywi 19 Sea Trout Estimate 223FD2 Estuarine to freshwater May

1988/89 Usk 20 Salmon Estimate Coast to estuary

1989 Tywi 23 Salmon Estimate 75cm Estuarine to freshwater August

1988/89 Usk 25 Salmon Estimate Coast to estuary

1988/89 Usk 30 Salmon Estimate Coast to estuary

1990 Taff 39 Salmon Actual Coast to Freshwater Nov
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Tracking Study Summary Sheets 

 

 

  

Tywi Tracking Study 

 

Freshwater migration of sea trout (Salmo trutta L.) in the River Tywi during 1988., 

1989 and 1990.  

 

D.M.Evans, W.K.Purvis, D.M.Mee, D.R.K. Clarke 

 

Fish Capture Fish were caught using commercial 

seine netsmen and fixed jumper nets in 

the estuary and a temporary inscale 

type trap in lower reaches of river. 

 

Fish Release Location  Point of capture in estuary. 

Species Sea trout 

Barrage in place No 

Receiver Stations  Scanners located throughout the Tywi 

catchment from head of tide and also 

one in each of the Gwendraeth rivers.  

 

Records of tagged fish  

Coastal > Estuary  None – fish were released in the 

estuary and only recorded once they 

started to enter/leave freshwater.  

 

Estuary > Freshwater (lower 

reaches) 

10 in 1988, 23 in 1989, 30 in 1990.  

6 Sea trout tracks provided in report 

from which it could be estimated that 

time to first detection from release was 

3, 4, 12, 12, 13 and 19 days.   

 

Freshwater  Extensive tracking showing quiescent 

period in freshwater by some fish but 

also rapid ascent up river shown by 

others.  
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Tywi Tracking Study  

 

Use of telemetric tracking to examine environmental influences on catch/effort 

indices. A case study of Atlantic Salmon (Salmo salar L.) in the R. Tywi, S.Wales 

 

D.Clarke, W.K.Purvis, D.Mee 

 

Fish Capture Fish were caught using commercial seine netsmen and fixed 

jumper nets in the estuary during season and with dispensation 

from August to December. 

Seine net maximum catch rates in December 1989 compared to 

October in 1988.  

 

Fish Release 

Location  

Point of capture in estuary. 

Species Salmon 

Barrage in 

place 

No 

Receiver 

Stations  

Acoustic receivers located throughout the upper estuary and radio-

receivers within freshwater.  

 

Records of 

tagged fish 
 
 
 

94 tagged fish in 1988 

11 tagged fish in 1989 

Coastal > 

Estuary  

None – fish were released in the estuary and only recorded once 

they started to enter/leave freshwater.  

 

Estuary > 

Freshwater 

(lower reaches) 

Various tracks of fish. Resulting in identification of 3 stage migration 

below.  

Freshwater  

 

Initial upstream movement of up to 20 days.  

Quiescent stage. 

Second in-river movement later in year.  
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Taff Tracking Study 

 

Cardiff Bay Barrage – Assessment of Impact on Salmonid Fisheries 

 

Annual Report 1990 – Year One Pre-Barrage Construction 

 

P.J.Gough, G.O.Jones 

 

Fish Capture Radyr Weir fish trap 

 

Fish Release Location  

 

Bristol Channel at Penarth 

Species 

 

Salmon – 7 fish caught and tagged 

Barrage in place 
 

Not at time of this study 

Receiver Stations  Seven automatic listening stations deployed 

in lower freshwater river with closest to 

release point being Sophia Gardens 6.6km 

away.  

 

Records of tagged fish  

Coastal > Estuary  All 7 fish relocated returned to Taff (Sophia – 

ALS) within 39 days and 4 within 2 days.  

Average was 6.5 days and 4/7 within 2 days.  

Estuary > Freshwater (lower 

reaches) 

Freshwater  

 

5 fish reached Blackweir within 30 hours one 

of which took 1.4 hours.  

Remaining 2 took 16 days.  

Only 1 fish ascended Blackweir fish pass.  
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Usk Tracking Study 

 

A Study of the Migratory Behaviour of Salmon in Relation to Critical Environmental 

Criteria in the Usk Estuary  - Report No. EAE / 91/ 3 

 

M.J.Mills, P.J.Gough, D.R.Clarke, D.Ni Challanain 

 

Fish Capture Trammel nets operating in outer Usk estuary.  

 

Fish Release Location  

 

Lower estuary near to Uskmouth Power 

Station 

 

Species 

 

Salmon 

 

Barrage in place 
 

No 

Receiver Stations  Acoustic buoys deployed in estuary from 

docks u/s and ALSs at freshwater sites 

upstream of Caerleon.  

 

Records of tagged fish 119 fish released in 1988/89. 

47 left the estuary after tagging.  

Only 12 returned – all within one month and 

7 in less than 3 days.  

 

     Coastal > Estuary  Only work carried out in estuary although 

some fish known to have passed out into sea 

before returning.  

 

     Estuary > Freshwater (lower   

reaches) 

43 tagged fish reached freshwater.  

90% of the fish passing through estuary 

within 100 hours and 50% within 25-30 

hours.  7 fish took >100hours.  

Median passage time : 

22 hours in 1987, 27 hours in 1988, 45 hours 

in 1989.  

Max. freshwater entry in 93 days most within 

15 days.  

86% pass through estuary within 4 days not 

7. 

 

Freshwater  

 

N/A 
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Effects of hot dry summers on the loss of Atlantic salmon, Salmo salar from estuaries 

in South West England 

 

D.J Solomon and H.T. Sambrook 

Fish Capture Seine Nets , Christchurch Harbour 

 

Fish Release Location  

 

 

Species 

 

Salmon 

Barrage in place 
 

No 

Receiver Stations  Four rivers studies reviewed.  

 

Records of tagged fish  

Coastal > Estuary   

Estuary > Freshwater (lower 

reaches) 

Most entered within 10 days.  

Low flows led to delay or failed entry.  

River Avon – 47.8% of the 437 tagged fish 

entered the river within 10 days, 15.9% later 

date and 36.3% failed to enter.  

Higher flows resulted in > % entry. 

Freshwater  

 

N/A 
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River Dee Tracking Studies  

 

ESTUARIAL MIGRATION OF ATLANTIC SALMON IN THE RIVER DEE (N. WALES) – 1994 

 

Purvis et al – NRA - 1994 

 

Fish Capture Fish caught in licensed estuarine nets or at 

Chester Weir fish trap.  

 

Fish Release Location  

 

Fish released in ‘outer estuary’ at Greenfield 

Species 

 

Salmon 

Barrage in place 
 

No – Chester Weir and trap at the head of 

tide.  

Receiver Stations  9 acoustic buoys deployed along the 39km 

estuary.  

Records of tagged fish  

Coastal > Estuary  No. Fish were caught and released within the 

estuary.  

Estuary > Freshwater (lower 

reaches) 

28 salmon released in outer estuary.  

23 of these fish were recorded in the middle 

estuary.  

Time of travel from outer to middle estuary 

was 5.12 hours to 51.3 days with a median of 

90.08 hours (<4 days).  

7 fish took longer than 7 days to enter 

middle reaches thus 16 took less than 7 

days.  

 

 

Freshwater  

 

Chester Weir fish trap was uppermost 

recording station.  
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TLSB Swansea Bay Fish Tracking Programme - 2015 

 

THA Aquatic  

 

Fish Capture Afan fish trap at Greenpark Weir, Port Talbot.  

 

Fish Release Location  

 

Mumbles Head, Swansea Bay 

 

Species 

 

3 adult salmon and 2 adult sea trout tagged.   

Barrage in place 
 

Barrage in place across the Tawe Estuary in 

Swansea.  

Receiver Stations  Passive acoustic receivers were located in the 

estuaries of the Tawe, Neath and Afan.  

 

Fish were actively tracked using a boat 

mounted receiver.  

Records of tagged fish  

Coastal > Estuary  4 fish (2 salmon and 2 sea trout) tracked 

back to River Afan. 

The fish took 13.45, 139.03, 35.43 and 

164.02 hours to return to the Afan estuary 

after their release at Mumbles.  Average time 

from release to return was therefore 87.98. 

 

Estuary > Freshwater (lower 

reaches) 

N/A 

Freshwater  

 

No tracking of fish once entered lower 

reaches.  
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The Coastal Movements of Returning Atlantic Salmon, Salmo salar L. 1979 

 

D Hawkins, G G Urquhart Marine Laboratory Aberdeen and W M Shearer Freshwater  

Fisheries Laboratory, Pitlochry 

 

 

Fish Capture Location Coastal bag nets at Rockhall approx. 3km 

from N.Esk estuary. 

 

Fish Release Location  

 

At point of capture after holding and tagging  

Species 

 

Salmon (grilse) 

Barrage in place 
 

No 

Receiver Stations  Active tracking undertaken in coastal area.  

Records of tagged fish  

Coastal > Estuary  Six salmon were tagged and tracked. Of 

these three were successful in entering the 

River North Esk. All three did so having 

evaded numerous coastal nets in less than 

two days.  

 

Estuary > Freshwater (lower 

reaches) 

N/A 

Freshwater  

 

N/A 


