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Executive Summary
EDF Energy plans to build a new coastal nuclear power station (Sizewell C), adjacent to the operational
Sizewell B and decommissioned Sizewell A sites in Suffolk. The station will be of a once-through design,
abstracting large volumes of seawater for cooling the condenser steam. Water abstraction can lead to the
entrapment (entrainment + impingement) of fish at different life-history stages. As part of the Development
Consent Order (DCO) application for the operation of the new station, EDF Energy is required to evaluate
the effects of water abstraction on fish.
The predicted effects of fish entrapment in the SZC cooling water system are provided in BEEMS Technical
Report TR406. The assessment methodology used in that report is based on well-established fisheries
science principles and relies on comparison of the calculated SZC fish losses with the relevant spawning
stock biomass estimates produced by the International Council for the Exploration of the Sea (ICES) for the
appropriate internationally agreed stock areas. This is how the much larger environmental effects of fishing
are internationally assessed and managed and represents the use of the most up to date peer reviewed
methodologies and scientific evidence.
Sizewell C stakeholders have indicated that in principle they agree with the assessment methodology used
to determine the effects on fish at the stock level but some stakeholders have questioned the application of
ICES stock units for assessing potential effects of a coastal power station on local populations.
This report has been produced in response to these comments and provides two separate sets of evidence:
a. Additional narrative information on the appropriate scale of assessment for contextualising
population level effects on fish species at Sizewell. The Environment Agency requested additional
information on 12 of the 24 representative fish species found at Sizewell species and that is provided
in Section 2 of this report.
b. An alternative assessment methodology that focuses on very local effect predictions is provided in
Section 3. This assessment determines the predicted depletion of different fish species due to SZC
acting in combination with SZB within the Greater Sizewell Bay and the tidal excursion (of SZC water
abstraction), the ICES rectangle containing Sizewell (33F1) and the ICES division 4c which contains
ICES rectangle 33F1. These assessment areas are much smaller than the stock areas for all
assessed species. The results are presented in tables and in heat map formats.

Conclusions from the assessment of the predicted effects of fish abstraction on local fish
abundance at Sizewell.
Local level depletion of fish has been considered by applying a simplified conceptual model of impingement
relative to tidal replenishment. Whilst the model necessitates making assumptions relating to fish distribution
and behaviour it is possible to approximate the likely size of effects at a range of scales. The table below
shows the predicted annual effects for 6 important species from the pelagic, demersal and epibenthic
species groups found at Sizewell (a more comprehensive list is presented in Section 3 of this report). In the
local area close to the power stations the predicted losses of pelagic fish (e.g. sprat and herring) are
calculated to be approximately 1.5% of the abundance expected in that area without any power station. In
the adjacent rectangle 33F1 which extends form Lowestoft to just north of Felixstowe the expected reduction
in pelagic species falls to 0.07% and outside of that area in ICES division 4c the expected loss falls to
approximately 0.01% or less. A Figure for sprat showing how effects are concentrated within the local area
and rapidly dilute with distance is provided below.
The predicted effects on demersal and epi benthic species are similarly small even in the area closest to the
stations. Outside of that area the effects are minimal. In all cases the effects would not be discernible against
the much larger natural variations in local fish population densities.
These three assessment areas are not the relevant stock areas for any of the Sizewell fish species; these
are much larger (BEEMS TR406). The purpose of this local assessment is therefore not to assess the effects
of SZC on the long-term sustainability of each stock, but to determine if there could be any local effects that
SPP103 Consideration of potential
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are sufficiently large to affect the conservation objectives of HRA protected species (e.g. via the prey of
marine birds and marine mammals) or the WFD status of the nearest transitional water bodies (which are in
33F1) via the Transitional Fish Classification Index.
The predicted effects are very small, particularly in relation to natural variation in abundance, it is therefore
concluded that impingement from Sizewell B and Sizewell C would not have any adverse food-web effects
on designated features of HRA sites nor on the classification of nearby transitional water bodies under the
WFD.

Species

Group

Sprat

Pelagic

Herring

Pelagic

Whiting

Demersal

Seabass

Demersal

Sand goby

Epi-benthic

Dover sole

Epi-benthic

SPP103 Consideration of potential
effects on selected fish stocks.

Period that the
species is found in
the area close to
the Sizewell power
stations (days)
Dec. – March
(121)
Feb. – April
(89)
Oct. – April
(221)
Dec. – March
(121)
Aug. – Dec.
(162)
March – Oct.
(245)

Predicted % local fish population depletion
in each area due to SZB + SZC
GSB + tidal
extent

33F1

4c

1.51

0.07

0.013

1.50

0.06

0.009

2.39

0.12

0.039

2.37

0.11

0.020

0.88

0.04

0.010

0.88

0.05

0.016
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Areas of localised depletion for sprat assessed with both stations acting in-combination during the period
December to March. The GSB + tidal excursion (yellow), ICES statistical rectangle 33F1 (purple) and part of
ICES Statistical Area 4c (blue) are shown.
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Changes in Revision 3 of this report.
Preliminary written feedback on version 2 of this report was provided by the Environment Agency on 21st
September 2020. Further comments were received when the findings of version 2 were presented to
statutory stakeholders during the Marine Technical Forum (MTF) held on the 23rd September 2020.
Responses to specific comments on version 2 of this report are encapsulated herein. Formal responses to
each of the MTF comments will be provided by way of the MTF comments tracker.
In addition to the specific comments on version 2, this report considers the following key stakeholder
concerns raised at the MTF;
 Stakeholders questioned whether the use of evidence for fisheries management purposes differs from
the use of evidence for Habitats Regulations Assessment (HRA), Water Framework Directive (WFD, and
Environmental Impact Assessment (EIA) purposes.
 Stakeholders reiterated the desire to see impacts from the power station considered at the ‘local scale’,
particularly for “locally isolated and static subpopulations residing close to the power station”.
These two points are carefully considered in the new assessment methodology presented in Section 3.
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1 Background
EDF Energy plans to build a new coastal nuclear power station (Sizewell C), adjacent to the operational
Sizewell B and decommissioned Sizewell A sites in Suffolk. The station will be of a once-through design,
abstracting large volumes of seawater for cooling the condenser steam. Water abstraction can lead to the
entrapment (entrainment + impingement) of fish at different life-history stages. As part of the Development
Consent Order (DCO) application for the operation of the new station, EDF Energy is required to evaluate
the effects of water abstraction on fish.
Impingement predictions for the proposed Sizewell C development are based on the comprehensive
impingement monitoring programme (CIMP) dataset collected from Sizewell B between 2009 and 2017. The
results of the impingement predictions are presented in BEEMS Technical Report TR406. In addition to
making impingement predictions, the report contextualises losses against the most relevant stock unit and/or
population units to determine if entrapment by the station represents a significant effect on the stock.
Fish mortality due to impingement at Sizewell C can be considered as a form of harvesting. The International
Council for the Exploration of the Sea (ICES) provides advice on fishing opportunities and stock status for
individual stocks. For many species, annual analytical assessments are carried out that utilise information on
life history, fishing effort and catches to assess the size of the stock, in particular the spawning stock
biomass (SSB). In cases where a full analytical assessment is available for a species entrapped at Sizewell,
and the SSB has been estimated, the predicted losses due to entrapment are compared with the ICES
estimated SSB for the stock area (BEEMS Technical Report TR406). These SSB estimates provide the most
robust peer reviewed scientific evidence. In the case of species where there are insufficient data for ICES to
carry out a full analytical assessment to establish absolute SSB, predicted losses are compared with
international landings for the stock area. Such a comparison is unrealistically conservative as landings will be
much less than the stock size. For an unexploited stock, landings will typically be much less than 20% of the
adult stock size and, even for a heavily exploited stock, landings will rarely exceed 50% of the stock size. A
detailed description of the assessment methods is provided in BEEMS Technical Report TR406.
Population structures of marine fish species fall along a continuum from panmictic (e.g. European eel,
Anguilla anguilla) to numerous distinct sub-populations (e.g. North Sea herring, Clupea harengus). The
majority of species exhibit complex population structures. In the open sea, sub-populations of many species
mix to a considerable extent; especially during summer feeding and on nursery areas, with harvesting
affecting multiple components of the overall population simultaneously. ICES’ definition of stock units
integrates all of the information on site fidelity to spawning, nursery and feeding areas together with
knowledge of migration patterns and the degree of intermixing that takes place between any sub
populations. Stock assessment units are not static and change when the weight of evidence indicates that a
change would likely lead to better assessments and management advice.
Consultation with statutory stakeholders on SZC entrapment predictions resulted in requests for additional
information to expand the information in Section 7.8 of TR406 on the potential for local effects on fish
species at Sizewell. Following engagement with the Environment Agency at a technical meeting on fish on
the 19th March 2020 further clarification on the species of concern was provided on the 27th April 2020:
 Allis shad;
 Twaite shad;
 Herring;
 Cucumber smelt;
 Sea lamprey;
 Sprat;
 Seabass;
 Sand goby;
 Dab;
SPP103 Consideration of potential
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 Flounder;
 Thornback ray; and,
 Sandeel.
The intention of this Scientific Position Paper is to specifically address these concerns by summarising the
key information from BEEMS Technical Report TR406 “Impingement predictions based upon specific cooling
water system design” and the provision of additional evidence as requested to clarify potential effects of the
proposed Sizewell C station on the selected fish stocks at Sizewell.
The evidence provided herein will be integrated into an updated version of BEEMS Technical Report TR406
(version 7) that will be submitted a part of a Supplementary Information Pack for the DCO in November
2020.
In addition to the specific comments on version 2, Sizewell C stakeholder have also requested further
information on the potential for local level-effects of the proposed development and the provision of further
evidence to support the Habitats Regulations Assessment (HRA) and Water Framework Directive (WFD)
assessments. Section 3 of this report applies a simplified conceptual model of impingement relative to tidal
replenishment to determine local depletion. Whilst the model necessitates making assumptions relating to
fish distribution and behaviour it is possible to approximate the likely size of effects at a range of scales from
the Greater Sizewell Bay and tidal excursion, to wider effects in relevant ICES Statistical areas.
The purpose of this local assessment is therefore not to assess the effects of Sizewell C on the long-term
sustainability of each stock, but to determine if there could be any local effects that are sufficiently large to
affect the conservation objectives of HRA designated features (e.g. via the prey of marine birds and marine
mammals) or the WFD status of the nearest transitional water bodies (which are in 33F1) via the Transitional
Fish Classification Index.
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2 Species of concern for which additional information
has been requested
The section reviews each of the species where further information was requested from the Environment
Agency. The stock units for effect comparisons in BEEMS Technical Report TR406 v6 are provided in Table
1.

2.1

Allis Shad

Stakeholder comment: “There are closer populations than the Garonne population, which make us
question the validity of using the Garonne fish as the reference population. Can further evidence be
provided”.
Further comment on version 2: The Environment Agency and Natural England acknowledged that
impingement predictions amount to a single fish per annum. However, emphasised the necessity to follow
the HRA processes and assign fish to specific SACs including the Tamar Estuary where Environment
Agency monitoring detected 419 fish in 2015.
Response:
A single fish was impinged at Sizewell at SZB on the 28th May 2009. The specimen was 50 cm in length, at
the top end of the expected length at maturity that typically varies between 30 and 50 cm (Froese, Pauly,
2019).
The Gironde-Garonne-Dordogne stock is typically used as a reference in population dynamics (Wilson,
Veneranta, 2019) though it is not the closest river with a breeding population to Sizewell. The GirondeGaronne-Dordogne stock is by far the largest in Europe and likely to provide the source for the occasional
fish that are caught in the summer feeding grounds in the Celtic Sea, the English Channel and southern
North Sea. Fish from the Gironde-Garonne-Dordogne stock have high site fidelity and forage near natal
rivers; however, the species exhibits moderate but nevertheless sufficient straying to uniformise the Allis
shad population genetic structure along French shores. The furthest recorded distance between natal and
spawning river was > 700 km (Martin et al., 2015), which is roughly similar to the distance between Sizewell
and the mouth of Loire in Brittany. However, it is acknowledged that the nearest population in relation to
Sizewell is not the Garonne. Whilst allis shad exhibit high natal river fidelity, some fish do stray and that is
how repopulation is known to occur. Long-distance straying also occurs though less frequently, for example,
fish that were born in France were caught on their spawning migration in Portugal, and fish born in northwest
France (Bay of Biscay) were caught in northern France, English Channel (Wilson and Veneranta, 2019).
Populations of Alosa alosa exist along the north-eastern Atlantic coasts in some large rivers of France (Loire,
Gironde–Garonne–Dordogne, and Adour) and Portugal (Minho and Lima) (BEEMS Scientific Position Paper
SPP071/s). A single allis shad in spawning condition was found dead on 26 April 2020, 200km up the river
Scheldt in Belgium after an organic pollution event in early April 2020 more than 100km upstream in France.
The shad was an exceptionally large specimen of 57cm length and confirmed as an allis shad by gill raker
count; according to the Instituut Natuur-En Bosonderoek (INBO) this is the first record in 100 years of allis
shad in the upper Scheldt (INBO 2020). The fish would have entered the Scheldt from the sea in early to
mid-April and INBO hypothesise that it may have originated from one of a number of recent reintroduction
programmes in the Oosterschelde (Eastern Scheldt). The Scheldt and the Rhine are the nearest European
rivers to Sizewell (approximately 150km to the east) with records of allis shad but there is no convincing
evidence of self-sustaining populations, particularly in the Scheldt. INBO have previously caught a 27cm
immature fish off the coast in 2012 and this was also attributed to the reintroduction programme. Allis shad
have recently been reintroduced into the Rhine, which is the nearest reproduction area, but the number of
recruits is still small.
In the UK, two locations have been identified where individuals in breeding condition have been recorded:
the river Tamar in SW England and the Solway Firth on the border between England and Scotland (Jolly et
al., 2012). Individual immature adults are occasionally found in the Bristol Channel, the English Channel and
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the UK east coast. The Tamar Estuary forms part of the Plymouth Sound and Estuaries SAC situated
approximately 700 km from Sizewell. Allis shad are a qualifying feature, but not a primary reason for site
selection. Allis shad are qualifying features for SACs in Wales such as Pembrokeshire Marine, however,
these sites are further afield.
In terms of proximity, the Sizewell specimen may have been a straggler from the reintroductions in the
Scheldt or the Rhine, from other self-sustaining populations in Brittany and Normandy or from the largest
population in the Garonne. It is feasible, though unlikely, that the shad impinged at Sizewell was from the
Tamar population. As such effects on the Plymouth Sound and Estuaries SAC will be assessed.
As the shad impinged off the Sizewell coast was impinged at the end of May, and adults gather in rivers in
May for spawning having migrated from the sea typically in early to mid-April, the SZB specimen was likely to
have been a mature fish which lost its homing instinct. The specimen would not have reproduced that year
had it not been impinged and would have had to survive to the following year for the opportunity to
reproduce.
The single impingement record of allis shad at Sizewell would, therefore, not make any material difference to
whatever population it was from. No self-sustaining population could be dependent upon 1 fish.
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Table 1. Data sources used to provide information on relevant stock unit, landings and SSB from BEEMS Technical Report TR406.v6. Updates following this
report are provided in bold.
Species

ICES
Working
Group

Stock unit

Assessment type

Impingement effect
comparator

Reference

Sprat

HAWG

Subarea 4 (North Sea)

Analytical assessment

SSB

ICES, 2018

Herring

HAWG

Analytical assessment

SSB

ICES, 2018

Seabass

WGCSE

Analytical assessment

SSB

ICES, 2018c

Sand goby

-

Not assessed

Population abundance

Rogers and Millner (1996)

Dab

WGNSSK

Trends only

Landings

Flounder

WGNSSK

Trends only

Landings

ICES, 2018b

Estimated adult
numbers migrating upriver

Elbe populations
EA landings & ICES
Landings

BEEMS Scientific Position
Paper SPP100
EA, 2018, 2017a, 2017b, 2015,
2014, 2013a, 2013b, 2013c;
ICES, 2019

Trends only

Landings

ICES, 2019c

Estimated adult
numbers migrating upriver

European populations in
the Elbe.
ICES Landings

BEEMS Scientific Position
Paper SPP100
ICES, 2019
BEEMS Scientific Position
Paper SPP071/s)
ICES, 2019

Cucumber Smelt

-

Subarea 4 & Divisions 3.a & 7.d (North Sea, Skagerrak &
Kattegat, Eastern Channel)
Divisions 4.b-c, 7.a, & 7.d-h (Central & southern N Sea,
Irish Sea, English Channel, Bristol Channel & Celtic Sea)
Not defined
Subarea 4 & Division 3.a (North Sea, Skagerrak &
Kattegat).
Updated: Revised stock area Subarea 4 (North Sea).
Subarea 4 & 3.a (North Sea & Skagerrak and Kattegat).
Updated: Minor revision to updated landings data.
Not defined but includes the East Anglian coast and rivers
on the European coast from the Elbe to the Scheldt
Subarea 4 & Divisions 3.a & 7.d (North Sea, Skagerrak,
Kattegat & eastern English Channel).
Updated: Revised stock area Subarea 4 & 2.a (North
Sea and Norway).
Not defined but includes the River Elbe and Belgian river
Scheldt. A separate spawning population on the river
Weser has not been included in the assessment.
(Revised numbers from those presented in TR406 v6)

Thornback ray

WGEF

Twaite shad

-

Allis shad

-

Garonne

Analytical assessment

Adult stock in 2009,
ICES Landings

Sea lamprey

-

Not defined

Not assessed

-

Working group acronyms:
HAWG - Herring Assessment Working Group for the Area South of 62°N
WGNSSK - Working Group on the Assessment of Demersal Stocks in the North Sea and Skagerrak
WGCSE - Working Group on Celtic Seas Ecoregion
WGEF - Working Group on Elasmobranch Fishes.
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Twaite Shad

Comment: “The company should assess all losses as though they come from each of the mainland
continental rivers in turn, rather than assessing against the combined stock from those rivers (evidence from
Unlocking the Severn is that there is a high degree of spawning site fidelity)”.
Further comment on version 2: The Environment Agency noted that; “While it may be unlikely that all
impinged twaite shad would originate from one river, such an assessment would provide a precautionary
quantitative approach, the likelihood of this outcome occurring can then be discussed qualitatively.”
Response:
Spawning site fidelity is noted, however the proposed development is hundreds of kilometres away from the
main European spawning rivers of the Scheldt, Weser and Elbe in mainland Europe (BEEMS Technical
Report TR406 Figure 5). There are no known UK east coast spawning sites for twaite shad. Genetic
analyses of twaite shad from Sizewell demonstrate that they do not originate from the Severn catchment
(Jolly et al., 2012). Sabatino and Alexandrino (2012) identified a North Sea twaite shad population with low
genetic diversity between fish sampled off Belgium (Scheldt) and Denmark and also the Solway Firth. These
analyses identified separation between the Baltic and North Sea populations. The twaite shad caught at
Sizewell range from >1 yr old juveniles to sexually mature adults that are probably a part of the North Sea
mixed population widely dispersed across feeding grounds. In contrast to allis shad, this species is
iteroparous so adults may return to the sea to forage several times during their lifetime after each seasonal
spawning. Given the distance of the proposed development from the spawning rivers in mainland Europe
and the likelihood of population mixing during feeding in the marine environment it is not logical to associate
all the fish impinged at Sizewell to a single river system. Given the geography, it is much more likely that
origin of fish caught at Sizewell would be approximately in proportion to the size of the spawning populations
in the European Rivers. The assessment in BEEMS Technical Report TR406 considers the two main rivers:
the Elbe and the Scheldt (only) and is therefore likely to be precautionary. Between 2009 and 2017, an
estimated annual average of 5.2 million adult twaite shad passed through these two river systems (BEEMS
Scientific Position Paper SPP100) with the majority being in the Elbe. The estimated losses of adult fish
(1,046 individuals, TR406) associated with the proposed development with mitigation measures in place are
predicted to be 0.02% of the River Elbe and Scheldt average population. Sizewell C is expected to impinge
fish from different European rivers on a pro-rata basis according to their abundance and it is therefore
considered highly unlikely that there would be a significant effect on the population in any given river.
Between the periods 1992−1993 and 2009−2010, spawner’ densities in the most important Elbe population
increased significantly (at least ten-fold, though with high level of uncertainty) and spawning grounds
expanded (Magath, Thiele, 2013). The Elbe population was still increasing in recent years (Tulp et al., 2017).
The Belgian population of the Scheldt estuary also is exhibiting signs of “genuine improvement” (Wilson,
Venerata, 2019) although recovery is later than in the Elbe after action to improve water quality and more
recently to improve access to spawning grounds. Very large numbers of migrating twaite shad have been
reported in the Scheldt in 2020 with “vast areas of spawning in the river” (pers. comm: Pieterjan Verheist,
University of Ghent, 8 May 2020). Numbers of a small population of twaite shad in the Weser Estuary are
stable without clear trends in the recent years (Tulp et al., 2017). This process of quick stock recovery
occurred during unimpeded functional activity of Sizewell B. Therefore, the proposed development is not
predicted to have any meaningful effect on the twaite shad populations.

2.3

Herring

Comment: “Detail covered in our gap analysis and discussed with EDF on 19th March, including the
Blackwater herring. For herring, the way the assessment is done has changed, but this has not been
explained are assessing, but never explained why to justify the scale being used. There is some
inconsistency in whether herring stocks are regarded as separate or not.”
Response:
The assessment unit for herring reflects the latest ICES advice. The small Blackwater population is not
included in the ICES stock assessment. Section 7 of BEEMS Technical Report submitted as part of the DCO
details the potential for effects on the Blackwater population and concludes that: “The weight of evidence
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therefore indicates that Sizewell impingement is from main North Sea stock (as assessed by ICES and used
in this report) and not the Thames estuary Blackwater stock”.
Whilst it is feasible that the proposed development would impinge Blackwater herring, the proportion of
Blackwater herring in the mixed southern North Sea population is very small and impacts on the Blackwater
SSB are likely to be minimal.

2.4

Cucumber smelt

Comment: “Detail covered in our gap analysis and discussed with EDF on 19th March”.
Response:
The concern pertains to smelt populations within the Alde-Ore estuary particularly in relation to the potential
for a derogation in the Water Framework Directive fish status of the Alde & Ore transitional waterbody.
BEEMS Scientific Position Paper SPP108 specifically addresses these concerns. The potential for localised
effects on smelt is provided in Section 3.5.

2.5

Sea Lamprey

Comment: “Sea lamprey are stated as being widespread throughout the North Sea, but without supporting
evidence. There appears to be a serious decline in Humber populations. Significance of sea lamprey
entrapment might be more significant if stocks of this species are crashing. Please provide some description
of sea lamprey stocks in the North Sea (as has been provided for river lamprey)”.
Further comment on version 2: The Environment Agency welcomed the additional context on sea lamprey
populations in the North Sea and requested any further quantitative information was available on distribution,
population size and at sea behaviour.
Response:
In contrast to most of anadromous fish (i.e. those that return from the sea to spawn in rivers where they were
born), the sea lamprey (Petromyzon marinus) is deprived of homing instinct but rather exhibits regional
panmixia during foraging at sea. To complete the life cycle, the species uses a ‘suitable river’ strategy being
attracted to spawning sites by pheromones released by its larvae (Waldman et al., 2008). So, after the
marine trophic phase, adult sea lampreys re‐enter freshwater via the nearest ‘suitable’ river with already
dwelling larvae and migrate upstream where they build nests, spawn and soon die (ICES 2015). Because of
this, there is no genetic differentiation between sea lampreys sampled along European shores (Almada et
al., 2008; Wilson, Veneranta, 2019). Therefore, there might be no discrete populations/stocks in the southern
North Sea (neither a particular Humber population), as the entire European population / stock exhibits a
considerable genetic homogeneity over a spatial scale of > 2000 km, from Yorkshire to the South Portugal
(Genner et al., 2012). Increase or decrease of sea lamprey in a particular river is dictated by water quality
and local human activities (e.g. dam building).
Sea lamprey has declined in British freshwaters over the last hundred years mostly due to pollution and
engineering barriers, becoming extinct in many rivers (Maitland 2003). The current International Union for
Conservation of Nature (IUCN) status of anadromous sea lamprey in Europe is of “least concern” (IUCN
website, Natureserve 2013), however, ICES recently suggested to consider it as “vulnerable” (Wilson,
Veneranta, 2019). The UK reported to the EU in the 2007-2012 reporting round that the status of the species
in the UK is unknown. There is no ICES sea lamprey stock assessment for the North Sea. At sea numerical
estimation is not available as adults cannot be in any reliable manner. Distinct trends of population increase
have been registered across the entire distribution range of the species in European waters in recent years
though more data are needed to confirm whether this trend actually reflects overall recovery of all stocks
(Wilson, Veneranta, 2019).
In the UK, P. marinus is reasonably widespread in rivers. In some places it is still common, but it has
declined in parts of its range and has become extinct in a number of water sheds. It appears to reach its
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northern limit of distribution in Scotland and does not occur north of the Great Glen (JNCC website). UK
SACs where sea lamprey is a primary reason for site selection are predominantly on the western and
southern coasts. The nearest UK SAC to Sizewell where sea lamprey is a qualifying feature, but not a
primary reason for site selection, is the Humber Estuary and the associated spawning site of the River
Derwent. Sea lamprey SACs are found all along the European coast from the Netherlands to Denmark with
specific concentrations in the Scheldt, Hollands Diep, Waddenzee, Ems, Weser, Elbe and Eider and any sea
lamprey caught at Sizewell could have originated from any of these systems. In terms of geography the
Dutch coast is nearer to Sizewell than the Humber but due to their parasitic feeding lifestyle the distances
travelled by the species depend largely upon the dynamics of their prey. As sea lamprey do not home to
natal rivers, mortality at Sizewell could not be attributed to any specific site of origin.
A single sea lamprey was recorded in the 2009-2017 CIMP programme in 2015. The expected annual
impingement losses of sea lamprey at Sizewell C with the full mitigation is less than 1 fish (0.36 i.e. 1 fish
every 2-3 years) with a maximum of 1 individual per annum (BEEMS Technical Report TR406). This is
considered negligible for a stock that is widespread throughout the North Sea. There is no reason to
consider that the 1 fish caught at Sizewell was from the Humber Estuary and it could have eventually arrived
at Sizewell from any North Sea breeding river (or even further afield) dependent on the behaviour of its hosts
and would be unlikely to have returned to that river other than by chance, if it had survived to breed.

2.6

Sprat

Comment: “Sprat are assessed against the North Sea stock but see Section 4.5 of ICES WKSPRAT Report
2013 (attached). There are examples of local populations in the North Sea that have been depleted. It also
says ‘There are sprats in the Wadden Sea and in the outer Thames estuary, areas that are more closely
connected to the main sprat population in the southern North Sea but which may represent populations with
distinct dynamics.’ This needs to be acknowledged and discussed by the applicant.”
Further comment on version 2: Further information and clarification was requested from the Environment
Agency on local populations identified by ICES and the appropriateness of the scale of assessment.
Response:
Sprat has been assessed against the North Sea population incorporating Division 3.a and Subarea 4 (Table
1) based on advice from the latest Benchmark Workshop on Sprat (WKSPRAT) in 2018, which summarised
the most recent scientific evidences thus superseding previous approaches e.g. ICES WKSPRAT Report
2013. At this Benchmark Workshop all sprat in Division 3.a and Subarea 4 were combined into a single stock
unit due to new evidence from a genetic study carried out for the Northeast Atlantic (ICES, 2018a). Local,
genetically distinguishable populations have been identified on the periphery of Division 3.a, along the
Norwegian coast and likely the Swedish coast. Norwegian populations are not part of the assessment of
sprat in the North Sea (ICES Advice on fishing opportunities, catch, and effort Greater North Sea ecoregion
(ICES 2020a)
ICES keeps stock definitions under continuous review and makes adjustments to these definitions when the
weight of scientific evidence indicates that a change is appropriate. We have used the most up to date
evidence based upon ICES 2018 conclusions.

2.7

Seabass

Comment: “In the latest version of TR406 a personal communication is included from Lisa Readdy.
‘Previously, Pawson et al 2007 recommended amended stock units for assessment purposes based upon
some UK tagging studies. However, scientific knowledge about bass has advanced since these 2000-2005
studies and ICES continues to recognise the 4b-c, 7a and 7d-h stock unit as the most appropriate for bass
stock assessment purposes based upon all of the available scientific evidence.’ Citations are not provided for
the work which means that Pawson et al 2007 is superseded. The EA review will be helped by informing us
of all the literature used to come to our conclusions on the appropriateness of the scale of assessment”.
Further comments on version 2: The Environment Agency noted that “The extra information is useful but
seems to not yet be conclusive as to whether bass in the North Sea should be considered part of a separate
sub-population to the Irish Sea (or elsewhere) due to small sample sizes of tagged fish – something the
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applicant acknowledges, but argues that this as a reason for not splitting the stock. HRA/EIA may require a
different response to the same evidence than fishery management. (i.e. fishery management – we can’t be
sure they are separate stocks so treat as one, HRA – we can’t be sure they are separate stocks so treat as
separate).
Natural England commented that: “It is important to note we fully recognise the expertise of ICES as fisheries
managers. We do feel that, when reviewing the best available evidence, the use of evidence for fisheries
management purposes differs from the use of evidence for HRA/EIA/impact assessment purposes. In this
case for this impact assessment we still query why the scale of assessment remains so large, given the work
that CEFAS and Ifremer are currently undertaking to establish to what degree there is finer population
structure and mixing of those within the existing stock. In this case it may be prudent, for the purpose of
conducting an impact assessment for a project which will not be subject to the same adaptable management
as commercial fisheries, to re-evaluate the use of ICES management units to contextualise the local impacts
of SZC. While seabass may currently represent the best example of this overarching point, this query also
relates to each species where the use of ICES management units has been flagged as best available
evidence, and the reason for overlooking evidence of smaller sub-populations with limited/unknown rates of
mixing. Overall this reduces our confidence in the findings of the assessment”.
Response:
Seabass is a highly mobile species with a homing instinct in many if not most individuals, and some 55% of
tagged bass were recaptured within 16km of their original release position (Pawson et al., 2007). However, it
is not clear how the authors dealt with captures of fish within the season (e.g. recaptured the week following
tagging).
Summarising the history of previous tagging studies, the ICES Benchmark Workshop on Sea Bass (ICES
2018b) stated:
“The sea bass inhabiting the Atlantic Ocean show a remarkable homogenous genetic structure although
homing based on mark–recapture data suggests some level of population structure. Off the Strait of Gibraltar
(9.a) there is evidence of introgression by the Mediterranean group. Sea bass inhabiting the areas Northern
(4.b&c, 7.a,d–h) and Biscay (8.a&b) represent genetically one population unit. The current management in
two stocks (Northern and Biscay) can be considered a conservative and correct measure.
DSTs (Data storage tags) have been used to investigate individual behaviour patterns of adult sea bass
between the North Sea and English Channel (Quayle et al., 2009) and between the Western Channel and
Bay of Biscay. Movements were reconstructed using information about release and recapture locations
alongside the temperature and depth of individual fish using hidden Markov models (e.g. Woillez et al., 2016)
Five of 11 recaptured bass exhibited migrations of greater than 100 km between the central and southern
North Sea and western English Channel, which supports previous studies (Thompson and Harrop, 1987;
Pawson et al., 1987; 2007b) and provides evidence of migratory links between the North Sea and English
Channel. Ifremer tagged sea bass with DSTs in the Iroise Sea from 2010–2012. Reconstructed tracks
confirmed the highly migratory nature of bass, with three behavioural strategies: residency in the Iroise Sea;
winter spawning migrations into the Bay of Biscay; and winter spawning migrations into the Western
Channel/Celtic Sea. Site fidelity was found not only on summer feeding grounds as previously observed
(Pawson et al., 2008), but also and for the first time, on winter spawning grounds. This indicated that sea
bass populations may have a much finer spatial structure than supported by the genetics. However, sample
sizes are very small, so it is difficult to generate robust estimates of the levels of migration between the
current Northern and Biscay stocks.”
To explore the degree of isolation between Northern and Biscay stocks further, ICES launched two large
tagging programmes. The first programme (C-Bass) is being led by the Cefas (CEFAS, 2018) and has
tagged almost 200 sea bass with electronic data storage tags (DSTs). The BARGIP study is being led by
Ifremer (France) and has released 1,220 fish with DSTs at ten locations in the Channel and Bay of Biscay
(ICES 2018b).
Preliminary results of these studies indicated that “adult bass can undertake very large-scale migrations.
Fish tagged in 4.c exhibited two migration patterns: one that remained in the North Sea; and a second that
involved long migrations as far as the Irish Sea. Fish that were tagged in May in 4.c were in spawning
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condition, suggesting the presence of spawning ground in the North Sea. Bass tagged in area 7.e appeared
to remain in the English Channel, but individuals tagged in the Irish Sea could move between the Northern
and Biscay stocks” (ICES 2018b).
“Sea bass movement between ICES stock units is plausible, as evidenced from some individuals tagged with
DSTs, and fidelity to both spawning and feeding grounds may provide evidence of fine population structure
that was identified from genetics. However, it is not possible to quantify the proportion of fish migrating
between the stocks currently due to the small numbers of fish tracks analysed. As further DSTs are
analysed, it may be possible to quantify exchange between stocks, so the next benchmark should consider
how exchange between stocks should be incorporated into the assessment process” (ICES 2018b).
Therefore, ICES have a sound scientific background to consider seabass of the central and southern North
Sea, Irish Sea, English Channel, Bristol Channel, and Celtic Sea representing the single stock (“The
Northern stock”) and the single management unit, respectively (ICES 2019a). There is a possibility of
existence of sub-populations in Irish and Welsh waters (ICES, 2118b) but if those exist they are still part of
the same population and stock.
The current debate within ICES Working Groups is not whether the current stock unit is too large, but indeed
whether it is too small. In addition to questions about the separateness of the Bay of Biscay bass stock unit,
there are similar questions about whether the bass in Irish coastal waters are indeed functionally separate
(ICES 2019e). Stock identity studies are therefore currently focussed on the whether the stock unit size for
seabass should be expanded and there are no suggestions within ICES of a reduction in the bass stock unit
relevant to the Sizewell C assessments.
In response to comments in relation to narrowing the assessment area in an HRA context the latest position
of ICES indicates no merit in narrowing the assessment area. Tagging studies are underway to determine
both fine scale sub-population structure and wide scale dispersal. However, where sub-populations exist
they still form part of the wider stock (=population) as this term is defined by MMO (2020).
Seabass are not an Annex II species, therefore HRA concerns pertain to indirect effects and the availability
of seabass as prey items for designated species. Section 3 considers the potential for local effects in an
HRA context.

2.8

Sand Goby

Comment: “The possibility of smaller scale populations of sand goby is not considered. Genetic
differentiation has been found between populations in the Schelde estuary and offshore. Refer to Pampoulie
et al. (2004) and discuss the potential for final scale population structure in sand goby and how this could be
affected by entrainment (and combined) entrapment losses. Pampoulie et al. (2004) Evidence for fine-scale
genetic structure and estuarine colonisation in a potential high gene flow marine goby (Pomatoschistus
minutus). Heredity 92, 434–445”.
Further comments on version 2: The Environment Agency commented that “Dispersal potential for sand
goby is stated as >10km, but the ‘>’ is not quantified (is it 11km, 20km, 100km?). Given that the length of
coastline over which the stock estimate has been calculated extends over 250 km of coastline, this large
scale of assessment still does not seem appropriate. Can sand goby from the Norfolk coast and Kent both
contribute to sand goby numbers in Sizewell Bay?”
Response:
The sand goby (Pomatoschistus minutus) is an egg brooding species with a pelagic stage duration of about
one month and larval dispersal potential greater than 10 km (Gysels et al., 2004; Riley, 2007). It should be
noted that gobies are a short-lived fast maturing species. Larval dispersal distances of 10 km (each breeding
event) along the distribution range would result in widespread genetic mixing. This is phenomena is reflected
in genetic studies that have revealed limited genetic differentiation with a weak pattern of isolation-bydistance recorded throughout the entire distributional range of this species in the Atlantic (Gysels et al.
2004). As such the degree of genetic mixing extends well beyond the region from Norfolk to Kent.
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Genetic studies of allozymes in fish collected off Belgian shores did not reveal clear differentiation between
individual samples between estuarine, coastal and offshore samples (Gysels et al., 2004; Pampouille et al.,
2004). However, a separate analysis of microsatellite loci revealed the existence of two spatially separated
breeding units “of a complex and dynamic spatiotemporal structure” (estuarine and coastal). These breeding
units support their identity by spawning in the different retention zones (estuarine and coastal) but are still
connected by a low number of migrants (Pampuoile et al., 2004). The authors avoided to use the word
“population” to define these breeding units, as “the gene flow appears to be sufficiently large to swamp any
potential for large genetic differences”. Therefore, both entities represent sub-populations so parts of the
same stock.
In the next paper published in the same journal (Gysels et al., 2004) the authors noted that the Schelde
(Scheldt in English) estuary (first breeding unit) is heavily polluted while the level of pollution decreases
towards the offshore areas (where the second breeding unit was defined) and “a number of studies have
revealed differential mortality of distinct genotypes when exposed to heavy metals”. Therefore, there is good
possibility that such a genetic differentiation between two breeding sites might be a result of the different
survival of spawners with different genetic loads (low- and high fitness genotypes) after larval settlement. An
analogy of Darwin’s description of peppered moth evolution with higher survival of black morph in polluted
areas with blackened trees, and pale morph faring better in clean areas with normal trees because of
selective predation by birds. Such a problem of environmentally-induced selective mortality of particular
phenotypes (so genotypes), is more likely to appear in a resident benthic species, where juveniles and adults
do not carry out long-distant migrations and remain in more or less the same habitat the entire life. All
connections between different parts of population/stock range occur mostly through larval transport ensuring
genetic connectivity and distribution of recruits over this entire range.
Therefore, the fine-scale genetic structure revealed in this species is likely to be might be an artefact caused
by differential survival in the different habitats, but even if it is not, the genetic flow due to larval transport
(Gysels et al., 2004) and migrations (Pampuoille et al., 2004) is so intensive, that for assessment and
management reasons such closely connected entities should be considered as parts of a single population.
In the open coastal waters of Sizewell such fine-scale genetic structuring and the presence of subpopulations is not expected.

2.9

Dab

Comment: “The paper cited in TR406 seems to indicate a smaller scale of assessment than actually used”.
Further comments on version 2: Further comments from the Environment Agency “Although area division
3.a is now excluded, justification for the use of landings data from all of subarea iv is weak.”
“Rijnsdorp et al. (1992), which is cited in TR406 and suggests a still smaller assessment area would be
appropriate (perhaps iv.b and iv.c). This has not been answered by the applicant.”
“The original version of TR318 concluded that dab were part of a population limited to the southern North Sea
and compared entrainment to landings data from IVc only and we have previously asked for the change from
this position to be explained to us. It still hasn’t been.”
Response:
The ICES advice reports (ICES, 2018b and ICES, 2019b) have been reviewed. ICES, 2019b states: “The
several spawning grounds and the wide distribution of dab indicate the presence of more than one stock.
Meristic data (Lozán, 1988) corroborate the hypothesis of several stocks for dab, distinguishing significantly
between populations from western British waters, the North Sea and the Baltic Sea”.
Therefore, we agree that including landings in Division 3.a overestimates landings from the relevant
population for contextualising losses at Sizewell. The appropriate scale for impingement losses at Sizewell
should only apply annual landings from the North Sea Subarea 4 as the comparator. Landings data for dab
in Subarea 4 for the period 2009 to 2017, coinciding with impingement monitoring, ranged from 2,751t
(preliminary 2017 catch statistic) to 7,240t with a mean of 5,309t (ICES, 2019b).
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The change in fisheries landings comparator is displayed in Table 2. Predicted losses from the proposed
development increase from 0.008% of annual fisheries landings to 0.009%. BEEMS Technical Report TR406
will be updated accordingly, however, the change in landings data comparator has no bearing on the
outcome of the assessment. Furthermore, it should be noted that using landings as a comparator is not
equivalent to the larger (undefined) SSB for the species, so the assessment is highly precautionary,
especially when the very high level of discarding of the species (mean of 766% of landings in the period
2009-2017), which are not captured in the landings data, is considered (TR406). Stocks of dab are in
sufficiently good status that in 2017, ICES advised that “the risk of having no catch limits for the dab … was
considered to be low and not inconsistent with the objectives of the Common Fisheries Policy... Dab and
flounder are no longer managed under a TAC” (ICES, 2019f). This effectively means dab is unmanaged
because of no concerns over sustainability leading ICES to state that …”this advice was valid as long as dab
and flounder remained largely bycatch species, with the main fleets catching dab and flounder continuing to
fish the target species (plaice and sole) sustainably … If this situation changes, or dab is no longer within
safe biological limits, this advice would need to be reconsidered.” (ICES, 2019f).
No significant effects are predicted on dab from the proposed development.
Table 2. Annual mean SZC predictions of impingement for dab showing landings data applied in BEEMS
Technical Report TR406 and proposed revision.

Species
Dab
TR406: Subarea 4 &
Division 3.a (North Sea,
Skagerrak & Kattegat).
Dab
Revised landings data:
Subarea 4 (North Sea).

Mean SZC
prediction
(No
mitigation)*

SZC
prediction
with LVSE
intakes

FRR
mortality

EAV
number

EAV
weight
(t)

Mean
landings
2009 -2017
(t)

% of
landings

143,519

51,236

27,591

12,267

0.50

6,135

0.01
(0.008)

143,519

51,236

27,591

12,267

0.50

5,309

0.01
(0.009)

*Scaled impingement numbers reflect updates following release of BEEMS Technical Report TR339.v3.
The updated evidence provided herein will be integrated into version of BEEMS Technical Report TR406
(version 7) that will be submitted a part of a Supplementary Information Pack for the DCO in November
2020.

2.10 Flounder
Comment: “The change in the scale of assessment was significant but not explained”.
Further comments on version 2: Further comments from the Environment Agency “The applicant has not
understood the questions we have over the flounder assessment and has instead provided an explanation of
ICES methodology. We asked why flounder losses were compared to local landings of 12 tonnes in the
original TR406 (2016) but are now compared to the whole North Sea (3,365 tonnes).”
Response:
The first version of BEEMS Technical Report TR406 was released in 2019. A preliminary impingement
assessment was produced four years ago in 2016 to allow consultation and iterative development of the
methodology. The preliminary report was not based on as complete an evidence as BEEMS Technical
Report TR406. The Environment Agency has been informed that the preliminary report has been
superseded by BEEMS Technical Report TR406 and is no longer relevant. BEEMS Technical Report TR406
is based on the most contemporary evidence, where evidence gaps are identified, or evidence changes the
report is updated accordingly.
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The scale of assessment adopted in BEEMS Technical Report TR406 is based on fisheries landings from
Subarea 4 & 3.a (North Sea & Skagerrak and Kattegat) presented in Table 1. Updated information on
landings in the different sub-divisions of the North Sea (excluding Kattegat and Skagerrak) are provided in
the Table 3. The updated mean landings from 2009-2017 are 2,321.4t opposed to 2,309t in BEEMS
Technical Report TR406.v6.
Table 3. Total landings of flounder in the North Sea in tonnes.
Year
2009

27.4.a
0.0

27.4.b
667.2

27.4.c
2,147.2

27.3.a
272.0

Total
3086.4

2010

1.1

607.5

2,550.8

205.4

3364.8

2011

0.3

400.9

2,646.5

145.2

3192.9

2012

8.6

234.1

1,949.9

118.6

2311.2

2013

0.7

237.5

1,465.6

172.7

1876.5

2014

0.3

169.0

1,703.8

194.7

2067.8

2015

0.1

189.9

1,645.6

76.9

1912.5

2016

0.2

136.5

1,491.2

109.7

1737.6

2017

0.7

124.2

1,059.2

159.2

1343.3

Mean 2009-2017

2,321.4

Flounder was last benchmarked by ICES in 2018 and the SPiCT model was successfully used for
assessment of this stock. However, updating the SPiCT with new data led to increased uncertainties and in
2019 the model was abandoned. The stock status was assessed using length-based indicators, as had been
the case prior to the incorporation of the SPiCT model, with survey indices taken into account. This change
in methods of assessment has limited implications for stock management and no effect on the assessment
of the proposed development which is contextualised against landings.
The current stock of flounder in the North Sea are sufficiently high leading to ICES stating that flounder is no
longer needed to be managed under a TAC and this advice was valid as long as dab and flounder remained
largely bycatch species, with the main fleets catching dab and flounder continuing to fish the target species
(plaice and sole) sustainably (ICES, 2019f).
The proposed development is predicted to result in losses of 0.12t of flounder per annum with full mitigation.
This represents 0.005% of the 2,321t (mean for 2009-2017) fishery (Table 3). During the 2009-2017
impingement monitoring there has not been a significant trend in the mean number of flounder impinged
each year (n = 8, tau = 0.571, p = 0.063, Theil-Sen slope = 571 1). Flounder is a bycatch species with a high
discard rate (some 12-49% of landings in the North Sea) in the period 2002-2018 (ICES, 2019d), and discard
survival in the North Sea and English Channel is of 42-64% in otter trawls and ~37% in beam trawls
(Catchpole et al., 2015). The stock is estimated to be in the safe limits to the extent that ICES was not
requested to provide advice on fishing opportunities for this stock in 2019 because the risk of having no
catch limits for flounder was considered to be low and not inconsistent with the objectives of the Common
Fisheries Policy (ICES 2019d).

2.11 Thornback ray
Comment: “There is some evidence of more localised population in the North Sea that should be
considered”.

1

Statistics report the Kendall's tau statistic, which measures the rank correlation between impingement and year (with a
range from -1 to +1, with 0 when there is no correlation ), and the 2-sided p-value from the Mann-Kendall test. The TheilSen slope estimate is a median slope estimate for a linear change in impingement per year.
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Response: The population structure of thornback ray was explored in the UK waters using a reliable tool of
microsatellite loci, which demonstrated absence of genetic differentiation even between distant locations.
Immature rays might travel to winter foraging areas and intermix there, whereas spring and summer foraging
grounds are relatively isolated due to partial philopatry (Hunter et al., 2006; Chevolot et al., 2006). However,
some immature rays might migrate into the different areas thus making genetic structure uniform all around
the U.K., and defining population limits becomes challenging (Chevolot et al., 2006). Therefore, the
respective definition of stock units becomes to some extent subjective and driven by expert judgement.
Based on the latest ICES advice the assessment area applied in BEEMS Technical Report TR406 (Subarea
4 & Divisions 3.a & 7.d (North Sea, Skagerrak, Kattegat & eastern English Channel)) may be too extensive.
An alternative, more precautionary approach uses the assessment/TAC-allocation Subarea 4 and Division
2a (North Sea and Norway) as defined by ICES (ICES 2019c). During the period 2010-2017 landings of
thornback ray in the Division 2a were negligible (< 1 t. per annum), whereas landings in the North Sea
(Subarea 4) were of 491-905t, mean 695t. (ICES, 2020b). The stock size indicator demonstrated a strong
increase in ray abundance from around 2012 onwards and the agreed TAC (798-1,404t.) was not taken by
fishermen (ICES, 2019c).
The change is fisheries landings comparator is displayed in Table 4. Predicted losses from the proposed
development increase from 0.02% of annual fisheries landings to 0.05%. It should be noted that landings
have consistently remained within the TAC set annually since 2012 (798-1,404t.). The predicted annual
losses from the proposed development account for between 0.04 and 0.07% of the TAC. Furthermore, it
should be noted that using landings as a comparator is not equivalent to the larger (undefined) SSB for the
species, so the assessment is highly precautionary. BEEMS Technical Report TR406 will be updated to
incorporate this change. The change in landings data comparator has no bearing on the outcome of the
assessment. No significant effects are predicted on thornback ray from the proposed development.
Table 4. Annual mean SZC predictions of impingement for thornback ray showing landings data applied in
BEEMS Technical Report TR406 and proposed revision.

Species
Thornback ray
(TR406: Subarea 4 &
Divisions 3.a & 7.d)
Thornback ray
Revised landings data:
Subarea 4 and Division 2.a
(North Sea and Norway).

Mean SZC
prediction
(No
mitigation)*

SZC
prediction
with LVSE
intakes

FRR
mortality

EAV
number

EAV
weight
(t)

Mean
landings
20092017 (t)

% of
landings

7,460

2,663

549

106

0.34

1,573

0.02

7,460

2,663

549

106

0.34

695

0.05

*Scaled impingement numbers reflect updates following release of BEEMS Technical Report TR339.v3.
The updated evidence provided herein will be integrated into version of BEEMS Technical Report TR406
(version 7) that will be submitted a part of a Supplementary Information Pack for the DCO in November
2020.

2.12 Sand eel
Comment: “A prey species for relevant bird and mammal features (TR431) which needs suitable
consideration”.
Response:
Sand eel are present in the waters off Sizewell but in low biomass (BEEMS Technical Report TR345)
Common sand eel are impinged at Sizewell B at very low numbers with annual estimates from the CIMP
predicted to be 3,175 individuals of the common sand eel (Ammodytes tobianus) and 570 greater sand eel
(Hyperoplus lanceolatus) over the period 2014-2017 (BEEMS Technical Report TR339). Entrainment
estimates are negligible, predicted to be 0.00010% of SSB (BEEMS Technical Report TR318). As stated in
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BEEMS Technical Report TR431, sand eel form a part of the diet of many piscivorous seabirds and marine
mammal including designated SPA and SAC species of relevance to Sizewell. However, many seabirds and
marine mammals are opportunistic foragers and display plasticity in their diet depending on prey availability.
For example, ICES benchmark workshop on sand eel (WKSand) analysed the importance of the species in
the diet of the different seabirds and their respective vulnerability. Among seabirds occurring in Suffolk, the
Sandwich tern was found to be highly vulnerable to change in the diet, but the species is seemingly more
specialised on clupeids (ICES 2017)
The following is an extract from BEEMS Technical Report TR431 (revision 2):
“The most important fish families taken by breeding piscivorous seabirds in the North Sea are sand eels and
clupeids with diets varying geographically and seasonally depending on the site-specific food availability
(Tasker and Furness, 1996). The scientific literature frequently indicates that sand eels form a major part of
the diet of terns (Common, Sandwich and Little Tern) and lesser black backed gulls in the North Sea. For
example, Furness and Tasker (2000) estimate that sand eels form 40%, 60% and 20% respectively of the
diet of the above three tern species in the southern and south-eastern North Sea. For seabirds in the northwestern North Sea (such as Shetland and Orkney), there are no food-fish other than sand eels or adult
herring and adult mackerel Scomber scombrus. These adult fish are too big for most seabirds to eat, and so
most seabirds in this region feed predominantly on sand eels.
However, in the southern and eastern North Sea, the fact that sand eels form only a small part of the diet of
many seabirds and that clupeids are predominant in many diets, suggests that clupeid abundance may be
more important in determining breeding success than sand eel abundance in these areas. This is supported
by detailed studies of Common Tern breeding success in the southeastern North Sea, where it has been
found that chick growth rate and fledging success are closely correlated with abundance of young herring
(Greenstreet et al., 1999).
The weight of evidence from BEEMS fishing, plankton, impingement and entrainment sampling is that sand
eels are present at Sizewell but in small numbers (BEEMS Technical Report TR345). Sand eels spend most
of their time buried in the sediment and are only found in the water column for a proportion of daylight hours.
Due to their morphology they can pass through coarse mesh nets. For example, the 10mm drum screen
mesh at Sizewell B would retain some sand eels with a variable proportion being entrained dependent upon
the size of the fish. Impingement sampling data with a 10 mm mesh therefore provides a relative index of
sand eel abundance not an absolute measure. In the BEEMS entrainment sampling (using pumped sampling
from the Sizewell B forebay with 500 and 270 µm mesh nets) sand eel larvae only represented 2% [revised
numbers <1% 2] of the number of fish entrained compared with 31% for clupeids (BEEMS Technical Report
TR318).
The dominant fish species at Sizewell are sprat and herring which represent 64% of the total annual
impingement numbers. The evidence from surveys is that only two of the five North Sea sand eel species
are present at Sizewell:


Lesser sand eel (Ammodytes tobianus). This is a small, common inshore species which reaches a
maximum length of 20 cm, and is found along sandy shores from the mid-tide level to 30 m water
depth. The species spawns from late March to early April throughout its range, depositing its eggs
on the sandy substrate. This species represented 0.03% (See Table 5) of the annual Sizewell
impingement numbers with 79% being caught in the December- January period.



Greater sand eel (Hyperoplus lanceolatus) attains a length of approximately 32 cm. It is found in
sand from the inter-tidal to 150 m depth. The species spawns in April and May at depths of 20-100
m. This species represented 0.026% (see Table 5) of the annual Sizewell impingement numbers
with 71% being caught in the June -September period.

To put the relative abundances in context, the total annual sand eel impingement catch at Sizewell was 0.1%
of the sprat catch and in the seabird breeding season of May to August sand eel only represented 0.5% of
2

The values quoted from TR431.v2 are based on previous versions of BEEMS Technical Reports TR318 and TR406.
These reports have subsequently been modified in response to regulatory comments. As such, the exact figures are
subject to minor changes, however, the scale of assessment and conclusions remain valid.
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the sprat catch (indicative results from an interim analysis of BEEMS impingement surveys from 2009-2013).
In the BEEMS pelagic fishing surveys in April and May 2015 (with 2mm mesh nets) at three sites along
Sizewell Bay, the near surface catch composition was 81-98% sprat and herring with sand eel never
exceeding 1% of catch (BEEMS Technical Report TR356). From the available evidence it is concluded that
sand eel form a negligible part of the fish assemblage at Sizewell and are, therefore, not an important
component of SPA/SAC protected species in the region of the site”.
As a result of the very low predicted losses of sandeel, and the small relative contribution to the diets of
marine mammals and seabirds locally to Sizewell, sand eel have not been described further in BEEMS
Technical Report TR406. However, impingement rates are contextualised against SSB and landings in
BEEMS Technical Report TR318.
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3 Local effects assessment
Sizewell C stakeholders have indicated that in principle they agree with this assessment methodology for
effects on fish at the stock level but questioned the application of ICES stock units for assessing potential
effects of a coastal power station on local populations. The concern pertains to the geographical scale of
ICES stock units resulting in impacts from the station having small perceived effects on SSB and an inability
to determine local effects should they occur.
Cefas’ position remains that ICES stock units are the most relevant scale of assessment for contextualising
effects in relation to the sustainability of fish within safe biological limits. This position is consistent with that
of the Marine Management Organisation (MMO). The MMO defines a stock as:
“A fish stock refers to a fish population that is isolated from other stocks of the same species”
(MMO, 2020).
In the Relevant Representation document of 30th September 2020, the MMO agreed in principle with the use
of ICES stock areas to contextualise effects; “The MMO conclude that the use of ICES stock areas for
commercial fish species represents the current best scientific evidence available. There is currently no
robust information that would support use of more local stock areas in the assessment”.
There are no isolated fish populations at Sizewell, fish live and move in an unconstrained coastal
environment with most species undertaking wide spatial migrations throughout the year. As such, ICES stock
units represent the best available evidence for assessing the impacts of the proposed development in
relation to stock sustainability. However, it is acknowledged that assessments of effects on fish must
consider aspects beyond stock sustainability. Such issues have been previously been described in BEEMS
Technical Report TR406 but are explored in more detail herein, and summarised in the BEEMS Technical
Report TR406 v7.
The potential for localised effects is particularly pertinent in an HRA context where impacts leading to direct
or indirect likely significant effects (LSE) need to be considered. For example, the effects on any fish species
listed under Annex II of the Habitats Directive must be considered in relation to the Special Area of
Conservation (SAC) they are a designated feature of. There are no Annex II fish species designated in the
SACs adjacent to the proposed development. Assessments do consider the SAC from which wide-ranging or
migratory Annex II species predicted to be impinged are most likely to be associated to (e.g. allis shad in
Section 2.1). However, assessments of remote effects on wide ranging species is not of immediate
relevance to the request for further information on local-level effects. The most pertinent HRA consideration
of local effects of the proposed development is that of indirect effects on fish as prey items for designated
species. Prey species of designated SPA, Ramsar and SAC species of relevance to the proposed
development are detailed in BEEMS Technical Report TR431.
In addition to HRA considerations, the Environment Agency has raised concerns regarding the potential for
the proposed development, acting in-combination with Sizewell B, to cause a deterioration in the WFD
Transitional Fish Classification Index of the Alde & Ore water body. The concern is primarily in relation to
smelt but also identified the potential for changes in the abundance of herring, seabass, Dover Sole, thinlipped grey mullet and Twaite shad to influence the status of the fish classification in the water body. BEEMS
Scientific Position Paper SPP108 specifically addresses these concerns. In this section the potential for the
proposed development to cause localised depletion of available prey items and species of importance for the
WFD is considered using a simplified conceptual model. The model considered effects at a range of scales.

3.1

Scale of local effects assessment

In an open coastal environment, the first question to address regards the appropriate scale of assessment
and how to delineate the system. Sizewell B cooling water infrastructure is located inshore of the SizewellDunwich Bank within the Greater Sizewell Bay (GSB). Sizewell C intakes and outfalls would be located
approximately 3km offshore seaward of the Sizewell-Dunwich Bank in deeper water. The smallest scale of
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assessment is the Greater Sizewell Bay from which Sizewell B abstracts water, and the tidal excursion
beyond the Sizewell-Dunwich Bank from where Sizewell C would abstract water.
Water from the GSB and tidal excursion exchanges with the wider area first in ICES Statistical Rectangle
33F1 and, at a wider scale in ICES Statistical Area 4c (Figure 1). ICES rectangle 33F1 extends from
Lowestoft to the north of Sizewell to just above Felixstowe to the south (Figure 2).

Figure 1 ICES statistical areas.
To determine the effects of entrainment on phytoplankton populations, from Sizewell B and C, BEEMS
Technical Report TR385, determined the approximate volume of water within the influence of the power
station during a tidal cycle. Based upon a current meter (S2) deployed near the proposed Sizewell C intake
locations, a progressive vector diagram (PVD) method indicated that the north – south tidal excursion is
approximately 15.9 km in each direction, and 1.4km east – west during spring tides. The trajectory of the tide
flows both north and south, thus the tidal volume represents a body of water 31.8 km long and approximately
2.8km wide. For comparison, a harmonic analysis was conducted on the same current meter (BEEMS
Technical Report TR233) and provided similar results to the PVD method. The surface area, average depth
and estimated volume of the assessment cells is provided in Table 5.
Sizewell B forms part of the baseline against which effects on fish from the proposed Sizewell C are
assessed (and against which the current WFD fish status is established). However, this assessment includes
both stations acting in isolation and cumulatively thereby providing the most precautionary and transparent
assessment of the impacts of Sizewell B and Sizewell C acting alone and in-combination. The potential for
localised depletion of fish is considered here at the scale of the GSB and tidal excursion, 33F1 and 4c.
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Table 5. Spatial area, average depth, and approximated volume of the assessment cells for local effects.
Effect assessment

Surface area
(ha)

Average depth
(m)

Volume
(x108 m3)

GSB

SZB

4,120

8.8

3.64

Outer tidal excursion

SZC

7,081

13.9

9.85

GSB + tidal excursion

SZB + SZC

9,670

12.5

12.1

ICES 33F1

SZB + SZC

140,595*

23.2

326.8

ICES 4c

SZB + SZC

6,421,433

24.6

15,816

Assessment cells

*33F1 is truncated as it intersects the east coast, a full ICES rectangle is approximately 380,000 ha.

3.2

Parameterising local effects assessments

Having defined the assessment cells, the next step is to attempt to parameterise a conceptual model for
assessing local effects on fish.
The conceptual model makes the following assumptions:
 Fish are evenly distributed throughout the domain.
 Fish density (in the absence of abstraction) remains constant through the assessment period i.e. no
mortality, recruitment, or migration into/out of the domain.
 Fish behaviour is not considered.
 Immigration and emigration rates are proportional to tidal exchange.
 ICES statistical Area 4c is considered a hard boundary i.e. there is no exchange/ replenishment of fish
beyond this area.
 Assessment cells are not overlapping, i.e. the effects of impingement are concentrated at the local level
with effects on the wider area a result of net losses due to exchange across the boundaries.
The validity of these assumptions is considered in Section 3.4.

3.2.1

Volumetric assessment

In this simplified assessment, local effects are based on volumetric assessments of abstraction relative to
processes of tidal exchange. In the absence of behaviour, fish immigration and emigration from the
assessment cells is proportional to the rate of tidal exchange. Tidal exchange is therefore a key parameter in
the assessment. A typical value for exchange rate coefficients in partially mixed estuaries is 5% volume
exchange on each tide (Dyer, 1979). As a general rule, the exchange volume at coastal sites on the east
coast is approximately 10% over a 12-hour tidal period (Environment Agency, 2011). Assessments of effects
on zooplankton (BEEMS Technical Report TR318) and phytoplankton (BEEMS Technical Report TR385) at
Sizewell have incorporated a conservative 10% daily volumetric exchange rate. The smaller the volumetric
replenishment the more conservative the assessment.
A 10% daily exchange of fish has been incorporated as the starting point for assessments between the GSB
and tidal excursion and 33F1, and between 33F1 and 4c. The sensitivity of the results to changes in
exchange rate is provided in Section 3.4.
It should be noted that the greater the exchange rate the lower the local effects due to dilution. However, as
greater exchange rates maintain the local density, total impingement also increases with higher exchange
rates. This assessment considers local level depletion, quantified losses compared to the relevant stock unit
form the main part of the assessment.

SPP103 Consideration of potential
effects on selected fish stocks.

NOT PROTECTIVELY MARKED

Page 33 of 58

NOT PROTECTIVELY MARKED

SZC-SZ0200-XX-000-REP-100146
Revision 3

Sizewell B operating at full capacity abstracts 51.5 m3 s-1. Over the course of 24 hours the station would
abstract 4.45x106 m3 of water from the GSB. Sizewell C operating at full capacity would abstract 131.86 m3 s1 resulting in a daily abstraction of 1.14x107 m3 of water from the outer tidal excursion. The combined daily
abstraction volume is 1.58x107 m3 from the GSB + tidal excursion. Daily abstraction as a percentage of the
assessment cell volumes (Table 5) and tidal exchange volume is provided in Table 6.
Local effects are considered within each assessment cell. The effects of abstraction are concentrated in the
smallest spatial scale, wider effects are the result of reduced net exchange of fish between cells due to
impingement losses. Effects in 33F1 are considered as the area beyond the GSB and tidal excursion (i.e. the
volume of 33F1 – the volume of GSB and tidal excursion), likewise the effects on 4c subtract the area of
overlap with 33F1. This approach allows the dilution of effects away from the impact to be observed. ICES
4a has been set as the final delineation, with no wider exchange, therefore all effects are concentrated within
this area. For many species, this is conservative (Table 1). The assessment also shows localised depletion
at a fine spatial scale.
Table 6. Daily abstraction volumes as a percentage of the assessment cell and daily volumetric exchange,
under different operating scenarios.
Tidal excursion

GSB
Station

SZB

% of cell

% of
exchange

1.22

12.2

SZC

% of cell

% of
exchange

1.16

11.6

SZB +SZC

3.2.2

GSB + tidal excursion
% of cell

% of
exchange

1.31

13.1

Fish density and mitigation

The initial density of fish is set at 0.001 ind. m3, however, the assessment is independent of the starting
density.

3.2.3

Mitigation

The assessment considers the proposed, and active mitigation measures for each site. Sizewell B is fitted
with capped intake heads and a fish recovery and return (FRR) system. Sizewell C intakes would also be
capped and adopt a low velocity side entry (LVSE) design with an FRR system. These mitigation measures
would have differential effectiveness for different species groups (Table 7). The assessment herein,
considers hypothetical species from representative pelagic, demersal, and epi-benthic taxa.
The sensitivity of impingement predictions to mitigation efficiency of LVSE and FRR systems associated with
Sizewell C is reviewed in BEEMS Technical Report TR406 v7. A review of the evidence base undertaken by
the Environment Agency as part of the Hinkley Point C project demonstrated that capped intakes reduce the
abstraction of pelagic fish by a factor of 0.23 compared with uncapped heads. It should be noted that this
mitigation only applies in the volumetric assessment and is not incorporated in impingement predictions as
estimated impingement rates at Sizewell C are scaled up from Sizewell B (which has capped heads).
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Table 7. Mitigation efficiency for different species groups in the volumetric assessment of impingement
effects.
Pelagic
Station

Demersal

SZB

SZC

Capped intake

0.23

0.23

LVSE

0.357

FRR

1

Epi-benthic

SZB

SZC

SZB

SZC

0.357

0.357

0.357

0.357

0.357

1

0.55

0.55*

0.2

0.2

* based on estimated seabass survival through the SZC drum and band screens.

3.2.4

Model duration

The local effects assessment was computed for 365 days, however, in almost all cases tested the system
reaches equilibria within 50 days as immigration from the wider area balances losses through emigration and
abstraction. The relevant duration for assessments is based on seasonal impingement rates for key species
based on data in BEEMS Technical Report TR345 and TR339.
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Figure 2. Scales of assessment for localised effects showing the GSB (red), the outer tidal excursion (green)
and ICES Statistical Rectangle 33F1. ICES Statistical Area 4c extends beyond 33F1. The location of the
Environment Agency TFCI monitoring stations in the Alde & Ore water body are also indicated.
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Estimated local depletion

The potential for impingement to cause localised depletion of pelagic, demersal and epi-benthic species was
considered in the case of Sizewell B and Sizewell C individually and in-combination at the scale of the
Greater Sizewell Bay, tidal excursion, ICES Statistical Rectangle 33F1 and Statistical Area 4c. The
assessment cells for in-combination depletion are illustrated in Figure 4.

3.3.1

Pelagic species

The two most dominant species impinged at Sizewell B are herring and sprat, together contributing over 70%
of annual impingement by numbers. Both species are seasonally abundant at Sizewell with 94.9% of herring
and 78.9% of sprat impinged in the period from Q4 to Q1 (BEEMS Technical Report TR339). Localised
depletion was computed for the course of a year and depletion values were selected based on the period of
time the species are most abundant at Sizewell. Exchange rates between the GSB and 33F1 and 33F1 and
4c were both set at 10% with mitigation.
Figure 3 shows that with both stations operating together, local depletion within the GSB + tidal excursion
reaches a plateau after approximately 37 days by which point 95% of annual depletion is achieved. After 37
days, abstraction losses and emigration are balanced by immigration into the cell and effects on pelagic
species spending longer than 37 days at Sizewell will therefore have very similar estimates for local
depletion. Beyond 37 days depletion continues to rise at the scale of 33F1 and, to a lesser extent within
ICES 4c, as the wider area dilutes impingement losses. Colour systems in the following graphs are intended
to mirror the assessment cells in Figure 4.
With the stations acting in isolation, Sizewell B abstracts less than half the volume of the proposed Sizewell
C station, however, Sizewell B intakes are inshore of the Sizewell-Dunwich Bank acting on a smaller volume
of water. Impingement by Sizewell B results in depletion of approximately 2.5% of sprat within the GSB in the
period December to March when they are most abundant, whereas herring would reduce by a similar margin
in the period February to April. Sizewell C, with an LVSE intake would result in depletion of sprat and herring
in the outer tidal excursion by approximately 0.88%, respectively (Appendix A).
Acting in combination, Sizewell B and a fully mitigated Sizewell C may result in reductions of 1.51 and 1.50%
for sprat and herring, respectively during their period of peak abundance within the GSB + tidal excursion.
Exchange with the wider area results in 0.07% depletion of sprat and 0.60% depletion of herring in the area
of 33F1 beyond the GSB and tidal excursion. Within the area of 4c beyond 33F1, losses are diluted further
and depletion after 121 days for sprat is 0.031% and depletion at the level of 4c is 0.009% in the case of
herring (Table 8; Figure 3). Figure 4 provides a spatial illustration of the areas of depletion for sprat and
dilution of effects in the wider area. In the absence of LVSE mitigation at Sizewell C, localised depletion
within the GSB + tidal excursion increases to 2.76% for herring and 2.77% for sprat with both stations
operating.
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Figure 3 Localised depletion of pelagic fish due to impingement from Sizewell B and Sizewell C with full
mitigation. The in-combination effects of Sizewell B and C at the scale of the GSB + tidal excursion (yellow),
and the wider effects on ICES Statistical Rectangle 33F1 (purple) and Statistical Area 4c (blue) are
displayed.
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Figure 4 Areas of localised depletion for sprat assessed with both stations acting in-combination during the
period December to March. The GSB + tidal excursion (yellow), ICES statistical rectangle 33F1 (purple) and
part of ICES Statistical Area 4c (blue) are shown. Depletion in each assessment cell is depicted by shading
relative to epi-benthic and demersal species.
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Demersal species

Demersal species losses are mitigated by the FRR systems allowing approximately 50% survival
(Environment Agency, 2005). Whiting and seabass as commonly impinged in winter at Sizewell B and
together account for 17.5% of total annual impingement numbers and 27.3% by mass. Seabass are highly
seasonal with 99.5% impinged in Q4 and Q1, equally 77.7% of whiting are impinged in the winter period
(BEEMS Technical Report TR339).
FRR survival rates for demersal species are based on the estimated 45% survival of seabass through the
trash racks, drum screens and band screens at Sizewell C. Both Sizewell B and Sizewell C have an FRR
system. Exchange rates between the GSB and 33F1 and 33F1 and 4c were both set at 10%.
Similar rates of local depletion occur in the GSB and tidal extent due to the operation of Sizewell B and
Sizewell C for seabass and whiting during their period of seasonal abundance off Sizewell. Sizewell B alone
is predicted to result in 2.15% local depletion in seabass and whiting in the GSB, and approximately 2.1% in
the tidal excursion during the operation of Sizewell C alone (Appendix A).
Acting in-combination, Sizewell B and C, result in less than 2.4% reductions in the demersal species in the
GSB + tidal excursion. Exchange with the wider area results in 0.12% depletion of whiting and 0.11%
depletion of seabass in the area of 33F1 beyond the GSB and tidal excursion, and 0.039% depletion of
whiting and 0.020% for seabass in ICES 4c beyond 33F1 (Table 8; Figure 5). Figure 6 provides a spatial
illustration of the areas of depletion for whiting and dilution of effects in the wider area.

Figure 5 Localised depletion of demersal fish due to impingement from Sizewell B and Sizewell C with full
mitigation. The in-combination effects of Sizewell B and C at the scale of the GSB + tidal excursion (yellow),
and the wider effects on ICES Statistical Rectangle 33F1 (purple) and Statistical Area 4c (blue) and
displayed.
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Figure 6 Areas of localised depletion for whiting between assessed with both stations acting in-combination
during the period October to April. The GSB + tidal excursion (yellow), ICES statistical rectangle 33F1
(purple) and ICES Statistical Area 4c (blue) are shown. Depletion in each assessment cell is depicted by
shading relative to epi-benthic and pelagic species.
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Epi-benthic species

Epi-benthic species typically incur the least mortality through the FRR system, and 80% survival is assumed
(Environment Agency, 2005). Dab, Dover Sole and sand gobies all contribute towards the top 95% of
species impinged at Sizewell B. Sand gobies are predominantly impinged in Q3 and Q4, however Dover sole
and dab are impinged for longer periods throughout the year (BEEMS Technical Report TR339).
Impingement assessments were run for 365 days, however, equilibria within the GSB + tidal excursion was
achieved by 37 days (95% of annual depletion achieved) after which effects increase in the wider area.
Exchange rates between the GSB and 33F1 and 33F1 and 4c were both set at 10%.
Similar rates of local depletion occur in the GSB and tidal excursion for epi-benthic species due to the
operation of Sizewell B and Sizewell C of approximately 0.8% (Appendix A). Acting in-combination, Sizewell
B and C, may result in a 0.9% reduction in epi-benthic species in the GSB + tidal excursion. In the worstcase annual dab assessment, exchange with the wider area results in 0.06% depletion of fish in the area of
33F1 beyond the GSB and tidal excursion, and 0.025% in ICES 4c beyond 33F1 (Table 8; Figure 7). Figure
8 provides a spatial illustration of the areas of depletion for Dover sole and dilution of effects in the wider
area.

Figure 7 Localised depletion of epi-benthic fish due to impingement from Sizewell B and Sizewell C with full
mitigation. The in-combination effects of Sizewell B and C at the scale of the GSB + tidal excursion (yellow),
and the wider effects on ICES Statistical Rectangle 33F1 (purple) and Statistical Area 4c (blue) and
displayed.
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Figure 8 Areas of localised depletion for Dover sole assessed with both stations acting in-combination during
the period March to October. The GSB + tidal excursion (yellow), ICES statistical rectangle 33F1 (purple)
and ICES Statistical Area 4c (blue) are shown. Depletion in each assessment cell is depicted by shading
relative to pelagic and demersal species.
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Table 8 Seasonal abundance of selected key species impinged at Sizewell B and predicted depletion during
those periods at a range of scales. Values provided show local effects of Sizewell B and Sizewell C
operating in-combination and are based on 10% exchange rates. Green shaded species have been
identified as potential prey items for HRA designated species at Sizewell. Underline species have been
identified by the Environment Agency as important for the Alde & Ore WFD fish classification.

Species

Period that the
species is found in
the area close to
the Sizewell power
stations (days)
Dec. – March
(121)
Feb. – April
(89)
Oct. – April
(221)
Dec. – March
(121)
Aug. – Dec.
(162)
March – Oct.
(245)
June
(30)
Throughout
(365)
Jan. – March
(90)
Oct. – June
(282)
Throughout
(365)
April – Nov.
(253)
Dec. – March
(121)
March – May
(92)
Aug. – Nov.
(131)
March – Aug.
(184)

Group

Sprat

Pelagic

Herring

Pelagic

Whiting

Demersal

Seabass

Demersal

Sand goby

Epi-benthic

Dover sole

Epi-benthic

Anchovy

Pelagic

Dab

Epi-benthic

Thin-lipped grey
mullet

Demersal

Flounder

Epi-benthic

Plaice

Epi-benthic

Smelt

Pelagic

Cod

Demersal

Thornback ray

Epi-benthic

Eel

Epi-benthic

Twaite shad

Pelagic

Predicted % depletion in each area due to
SZB + SZC
GSB + tidal
excursion

33F1

4c

1.51

0.07

0.013

1.50

0.06

0.009

2.39

0.124

0.039

2.37

0.105

0.020

0.88

0.042

0.010

0.88

0.047

0.016

1.42

0.05

0.002

0.89

0.056

0.025

2.37

0.099

0.014

0.89

0.050

0.019

0.89

0.056

0.025

1.52

0.08

0.029

2.37

0.105

0.020

0.87

0.037

0.005

0.88

0.039

0.008

1.51

0.07

0.20

Seasonal source data BEEMS Technical Report TR345 and TR339.
Key prey species for HRA designated Annex II species are detailed in BEEMS Technical Report TR431.

3.4

Sensitivity to parameters

The values for local depletion are presented as an average value over the relevant assessment scale.
Localised depletion would be concentrated downstream of the intakes and as such would be tidally dynamic.
Processes of mixing and fish behaviour would reduce depletion further from the intakes. However, what the
results clearly show is how the effects of impingement are rapidly diluted.
The results presented herein, are subject to the validity of the assumptions described in Section 3.43.2. Two
key assumptions are considered in further detail 1) the replenishment rate (tidal exchange), and 2) the
assumption of equal density.
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Sensitivity to replenishment rates

The underlying factor determining the potential for local depletion is the rate at which impinged fish are
replenished from the wider area by immigration. Quantifying immigration and emigration rates for a range of
species in an open coastal site is simply not feasible. This point was reflected in the Relevant
Representations from the MMO that stated “it is the MMO’s view that in the absence of information on the
rate at which fish may migrate into the GSB area (the replenishment rate), it is difficult to quantitatively
assess localised impacts on abundance”. This report attempts to put depletion in a local context by applying
tidal exchange rates as a proxy for fish replenishment.
Whilst many species use tidal transport as a means to conserve energy and move within coastal
environments, assuming fish have no inherent behaviour is clearly an oversimplification. Different species
will have different retention times within the GSB, some will occur within the GSB year-round whilst others
will be seasonal migrants. Shoaling behaviour and changes in density are considered in the following
section.
Within this assessment there are effectively two boundaries; 1) the boundary of the GSB and tidal excursion
with 33F1, and 2) the boundary between 33F1 and 4c. Exchange rates (as a proxy for fish replenishment)
were tested across an range or levels from 0.1% to 25% for epi-benthic species with the lowest mortality due
to impingement, and for highly mobile but impingement sensitive pelagic species using parameters in Table
7.
The greater the exchange rate the lower the local effects due to dilution. However, as greater exchange
rates maintain the local density, total impingement also increases. This point is illustrated in Figure 9, which
shows the relationship between local depletion in the GSB + tidal excursion and impingement from Sizewell
C and Sizewell B. By fixing impingement numbers based on 10% daily exchange it is apparent that annual
impingement has low sensitivity to variations in exchange parameters between 5 and 25%, with total
impingement numbers changing less than ±2%. However, annual impingement drops by 9.4% as exchange
rates fall to 1% whilst local level depletion increases from 1.5% with 10% exchange rates to 14% with 1%
exchange (Figure 9).

Figure 9. The relationship between local depletion and impingement of pelagic species within the GSB + tidal
excursion with both Sizewell B and Sizewell C operating. Impingement rate percentages are calculated
based on annual impingement using 10% daily exchange.

SPP103 Consideration of potential
effects on selected fish stocks.

NOT PROTECTIVELY MARKED

Page 45 of 58

NOT PROTECTIVELY MARKED

3.4.1.1

SZC-SZ0200-XX-000-REP-100146
Revision 3

Epi-benthic species

With Sizewell C operating in combination with Sizewell B, exchange rates of just 1% between adjoining
assessment cells result in localised depletion of 8.5% of epi-benthic species after 365 days. The greater the
exchange rate the more rapidly local effects are diluted within the wider area. Localised effects at the scale
of the GSB + tidal excursion reduce dramatically between 0.1% and 5% after which they level off. At 5%
daily exchange across the boundaries, effects within the GSB + tidal excursion are reduced to 1.83%
compared to 0.89% with a 10% exchange (Figure 10). This demonstrates that local depletion of epi-benthic
species is minimal even with modest tidal exchange rates.
The effects of the exchange between 33F1 and 4c was tested by fixing exchange between 33F1 and the
GSB + tidal excursion at 10% and changing the exchange with the wider ICES areas from 0.1 to 10%. Local
effects at the GSB + tidal excursion scale increase 2-fold as exchange rates decrease from 10% to 0.1%,
between 33F1 and 4c, however, local effects are relatively insensitive to changes in wider exchange beyond
2.5%. As would be expected, the change in exchange rates between 33F1 and the wider 4c area has the
greatest effects on 33F1. However, as little as 1% exchange per day results in just 0.35% depletion in
abundance of epi-benthic fish in 33F1 after 1 year (Figure 11).

Figure 10. The sensitivity of localised effects on epi-benthic species to changes in daily tidal exchange after
365 days due to Sizewell B and Sizewell C operating with full mitigation acting at the scale of the GSB + tidal
excursion (yellow), ICES Statistical Rectangle 33F1 (purple) and Statistical Area 4c (blue). Exchanges rates;
0.1%, 1%, 5%, 10%, 20%, and 25% across all boundaries.
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Figure 11. The sensitivity of localised effects on epi-benthic species to changes in daily tidal exchange after
365 days due to Sizewell B and Sizewell C operating with full mitigation acting at the scale of the GSB + tidal
excursion (yellow), ICES Statistical Rectangle 33F1 (purple) and Statistical Area 4c (blue). Exchanges rates
fixed at 10% between the GSB + tidal excursion and ranging from 0.1%, 1%, 5%, 10%, across the 33F1 and
4c boundary.
3.4.1.2

Pelagic species

In the case of mobile pelagic species, a 10% per day replenishment rate applied in the original assessment
appears suitably precautionary for most species. To simulate the case of species that spend longer periods
in the coastal waters off Sizewell, for example smelt, the sensitivity to exchange rates following 253 days
was assessed. With Sizewell C operating in combination with Sizewell B, exchange rates of just 1% of fish
between adjoining assessment cells resulted in localised fish depletion of 13.3% after 253 days. At 5% daily
exchange across the boundaries, effects within the GSB + tidal excursion are reduced to 3.1% compared to
1.5% local depletion with a 10% exchange (Figure 12). Local depletion is therefore modest at 3% or below if
there is greater than a 5% exchange rate of smelt within the GSB + tidal excursion each day from the wider
area.
Smelt are relatively common on the East Anglian coast. Comparative genomic analyses (BEEMS Technical
Report TR423) have concluded that smelt from Sizewell and the Rivers Thames, Waveney, and Great Ouse
are genetically homogeneous with no genetic structuring seen within the region indicating a single stock unit
from at least the Greater Ouse to the Thames. It is also considered likely, although currently unproven, that
there is a single population along the European coast from at least the Elbe to the Scheldt (BEEMS
Technical Report TR406). The Elbe and the Scheldt have very large breeding populations of smelt and it is
likely that they have extensive summer feeding grounds in the southern North Sea that may overlap areas
used by UK sub populations. The regional, and wider distribution of smelt indicates that replenishment rates
would be sufficient to limit localised depletion to modest levels.
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Figure 12. The sensitivity of localised effects on pelagic species (smelt) to changes in daily tidal exchange
after 253 days due to Sizewell B and Sizewell C operating with full mitigation acting at the scale of the GSB
+ tidal excursion (yellow), ICES Statistical Rectangle 33F1 (purple) and Statistical Area 4c (blue). Exchanges
rates; 0.1%, 1%, 5%, 10%, 20%, and 25% across all boundaries.

3.4.2

Sensitivity to density assumptions

The assumption of uniform density across the domain is another simplification of the conceptual model.
Many species exhibit seasonal migrations and shoaling behaviour. Shoaling species result in highly variable
impingement rates, as such local depletion would equally be variable. Should a shoal pass directly within the
small abstraction zone for the intakes, the local depletion would be higher than predicted. Equally should a
large shoal within the GSB or tidal excursion not encounter the intakes there would be negligible depletion of
the species.
As the scale of the assessment increases the assumption of uniform density is increasingly violated. For
example, juvenile herring and sprat utilise inshore nursery grounds overwinter and whilst adult sprat spawn
inshore they move further offshore post-spawning to forage mostly in the southern and western North Sea
(BEEM Technical Report TR406). However, both 33F1 and 4c extend to the coast areas and impingement
numbers are small relative to the stock allowing replenishment of fish.
The conceptual model is does not incorporate mortality and recruitment. To account for this the concept of
localised depletion was challenged with an extreme example using sand goby entrapment as a trial. The
model was run for 365 days with Sizewell B acting alone on the GSB and assuming no mitigation benefits
(i.e. 100% mortality or entrainment). Exchange rates were maintained at 10% per day at the boundary of the
assessment cells.
In this example, local depletion increases substantially in the GSB reaching the asymptote after
approximately 30 days. Over a full year local depletion within the GSB would reduce initial densities by
10.1% (Figure 13). Sizewell B has been operational for 35 years and sand gobies were the second most
abundant species in Sizewell baseline 2 m beam trawl samples and were found across the whole area.
Between-site variability at a given sampling site was generally high or very high and between-survey
abundance was also variable. The mean numbers recorded in June in Sizewell fish surveys are comparable
to densities reported in Region 2 (Winterton to North Foreland) during Cefas Young Fish Surveys (BEEMS
Technical Report TR345).
Sand gobies, Pomatoschistus minutus exhibit a rare spawning strategy with only one spawning season,
during which females breeds repeatedly in multiple brood cycles. The spawning season extends from
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January to June (Froese, Pauly, 2019). Egg are laid in bivalve shells and development takes 2-10 days
before larvae emerge and have a pelagic lifestyle for at least one month (Fonds, 1973) being transported by
currents across wide areas (Section 2.8). Gobies are small, short-lived species that mature within their first
year. A long recruitment period with wide larval dispersal coupled with seasonal migrations into/out of the
bay means replenishment rates and natural variability swamp the impacts from entrapment.

Figure 13. The sensitivity of localised effects on an entrained species (sand goby) due to Sizewell B
operating with no mitigation at the scale of the GSB (red), ICES Statistical Rectangle 33F1 (purple) and
Statistical Area 4c (blue). Exchanges rate 10% across all boundaries.

3.5
3.5.1

Local depletion in an HRA and WFD context
Food webs

The most seasonally abundant species at Sizewell that are considered important prey items for designated
Annex II species include the pelagic species sprat, herring and anchovy, epi-benthic species such as plaice,
Dover sole, flounder and gobies and demersal whiting and juvenile seabass.
Assuming 10% daily exchange of fish, the maximum levels of local depletion due to Sizewell C and Sizewell
B acting in-combination is less than 2.5% for demersal species on average during periods of seasonal
presence (Table 8). It should be noted that this represents and average value across the GSB + tidal
excursion and the effects would be tidally dynamic and concentrated around the intakes. Even at exchange
rates as low as 5% per day local depletion of pelagic species is expected to be in the order of 3% with
epibenthic species reduce by less than 2% and demersal species by less than 5% with both stations
operating.
The foraging ranges of designated sandwich terns, lesser black-backed gulls, and common terns during the
breeding season extends beyond the GSB + tidal excursions allowing them to access prey resources from a
wider area. Marine mammals and overwintering red throated diver have greater foraging ranges still without
the restriction of having to return to local breeding colonies near Sizewell. Little terns have the most area
restricted foraging ranges and during the breeding season little tern forage close to their colonies out to a
maximum distance of approximately 2.4 km offshore (BEEMS Technical Report TR431). Breeding colonies
at Minsmere, Dingle marshes and Slaughden would forage to a large extent within the GSB + tidal extent,
however, foraging would primarily be within the Sizewell-Dunwich Bank and more subject to the immediate
effects of Sizewell B.
Local depletion in prey resources must be considered in the context of natural variability in resource
availability. Table 9 illustrated the year-to-year variability impingement rates at Sizewell B, a proxy for natural
abundance, in prey species. The large interannual variability clearly demonstrates that local depletion would
be dwarft in comparison. For example, local depletion of sprat is predicted to be approximately 1.5% within
the GSB + tidal extent, whilst mean interannual variability is a factor of 2 with maximum between year
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variation a factor of 3.6. Local depletion of anchovy during its seasonal occurrence at Sizewell is predicted to
be 1.4% for both stations operating (Table 8) whilst interannual variability is on average orders of magnitude
greater at 5.02.
The scale of local depletion of prey resources is well within the bounds of natural variability, which predatorprey relationships are adapted to. Furthermore, the FRR systems means that biomass is retained within the
system resulting in bottom-up effects stimulating secondary production and, in some cases, affording
opportunistic feeding opportunities for seabirds. Whilst the majority of FRR discards sink and would therefore
not be accessible to surface feeding seabirds, floating discards would represent a potential foraging
opportunity to scavenging seabirds (BEEMS Technical Report TR501). Experiments have shown seabirds
can take up to 71%, 8%, 12% and 4% of discarded roundfish, flatfish, elasmobranchs and invertebrates,
respectively, in the southern North Sea (Garthe et al., 1996).
Local depletion of prey availability, notwithstanding the retention of biomass from the FRR systems, is
predicted to be minimal in comparison to natural variability. As such, no significant reduction in the prey
availability of designated HRA species is anticipated.
Table 9 Year to year variations in annual predicted SZB impingement numbers (2009-2017) for selected
species.

Species

The largest year-year changes in annual numbers from the Sizewell B CIMP
dataset 2009-20171 (shown as the ratio of predicted impingement numbers in
adjacent years)
Mean interannual variability (20092017)

Maximum interannual variability between
any two adjacent years

Sprat

2.02

3.64

Herring

1.33

1.70

Whiting

1.56

2.04

Bass

2.36

6.11

Sand goby

4.20

15.32

Sole

1.53

2.26

Dab

2.40

7.88

Anchovy

5.02

8.85

Flounder

1.35

1.74

Plaice

1.78

2.74

1 Data

3.5.2

from the year 2013 is not available, therefore interannual variability looks at changes from 2012 to 2014.

WFD fish status

The Environment Agency raised a concern pertaining to the WFD in regards to the impact of Sizewell B and
Sizewell C acting in-combination causing local depletion of smelt potentially resulting in a deterioration in the
status of the Alde & Ore water body Transitional Fish Classification Index (TFCI). This issue is specifically
addressed in BEEMS Scientific Position Paper SPP108 where the sensitivity of the Alde & Ore was tested to
To determine the sensitivity of the TFCI to smelt abundance, smelt numbers in samples were manipulated at
a range of levels including complete smelt absence. At the resuest of the Environment Agency, a further test
considered absence of smelt and Twaite shad and 50% reductions in herring and seabass. The sensitivity of
the TFCI was also tested through manipulated removals of thin-lipped mullet and Dover sole, as well as a
scenario whereby smelt, thin-lipped mullet and Dover sole were all simultaneously reduced by 50%.
1. The calculated Ecological Quality Ratio (EQR) was insensitive to manipulated reductions in smelt
abundance of 25% and 50%.
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2. Total absence of smelt reduced the EQR by 11% but ‘good’ status remained (when fyke net data is
not included in the TFCI calculation).
3. The extreme case requested by the Environment Agency including absence of shad (1 individual
caught between 2013-2018) and smelt along with 50% reductions in herring and bass reduced the
EQR by 10.3%, however, ‘good’ status remained (TFCI calculated without the inclusion of fyke net
data).
4. Total absence of thin-lipped grey mullet and Dover sole reduced the EQR by less than 4% in each
case and ‘good’ status remained. The status also remained ‘good’ following the combined 50%
reduction of smelt, Dover sole and thin-lipped grey mullet.
Under all of the scenarios trested for fish manipulations, there was no deterioration of ‘good’ status when the
2019 TFCI was calculated without fyke net data 3 (BEEMS Scientific Position Paper SPP108).
The mouth of the Alde-Ore Estuary is 25km to the south of Sizewell C (near Shingle Street in Figure 2)
beyond the GSB + tidal excursion and would therefore be subject to lower levels of local depletion predicted
here. Even in the conservative case of 5% daily replenishment rates of smelt within the GSB + tidal
excursion the localised reduction of smelt during summer feeding is predicted to be 3.1%, opposed to 1.5%
depletion assuming 10% daily exchange (Section 3.4.1.2). Given the TFCI is insensitive to 25 and 50%
reductions in smelt abundance, the Alde & Ore water body is removed from the GSB + tidal extent and local
level depletion is predicted to minor it is highly unlikely that the proposed development would cause a
deterioration in the fish status of the Alde & Ore.

The TFCI calculated with fyke data causes the water body EQR to fall by 18.8% to ‘moderate’ status.
BEEMS Scientific Position Paper SPP108 concluded that low sampling efficiency and statistical artefacts
relating to the small fyke net sample size and low catches caused the apparent deterioration of the water
body classification to ‘moderate’ (Section Error! Reference source not found.). Fish manipulations as
described with the inclusion of fyke nets did not result in deterioration below ‘moderate’ status.
3

SPP103 Consideration of potential
effects on selected fish stocks.

NOT PROTECTIVELY MARKED

Page 51 of 58

NOT PROTECTIVELY MARKED

3.6

SZC-SZ0200-XX-000-REP-100146
Revision 3

Local depletion conclusions

Local level depletion of fish has been considered by applying a simplified conceptual model of impingement
relative to tidal replenishment. Whilst the model necessitates making assumptions relating to fish distribution
and behaviour it is possible to approximate the likely size of effects at a range of scales. The main
conclusions are:
1. With both stations operating together, local depletion reaches a plateau after approximately 50 days,
after which point abstraction losses and emigration are balanced by immigration into the local area.
2. Replenishment rates of 10% per day of fish within the GSB + tidal excursion result in minor
reductions in pelagic species such as sprat and herring of 1.5% per day during periods of seasonal
abundance with both Sizewell C and Sizewell B operating with full mitigation.
3. Demersal and epi-benthic species incur lower impingement mortality and species such as whiting
and Dover sole are predicted to incur local depletion of 2.4% and 0.9%, respectively with both
Sizewell C and Sizewell B operating with full mitigation.
4. Local depletion is sensitive to the replenishment rate. However, even modest rates of replenishment
of 5% per day result in modest local depletion at the scale of the GSB + tidal excursion.
5. Pelagic species such as smelt spend long periods foraging in the inshore waters off Sizewell. At 5%
daily exchange across the boundaries, effects within the GSB + tidal excursion resulted in 3.1%
depletion of smelt compared to 1.5% local depletion with a 10% exchange.
6. Local depletion due to impingement is orders of magnitude below natural variability in abundance to
which predator-prey relationships are adapted to. Therefore, impingement from Sizewell B and
Sizewell C would not have any adverse food-web effects on designated features of HRA sites.
7. Local effects are not predicted to cause a deterioration in the WFD fish status of the Alde & Ore
water body as local depletion is well below the sensitivity of the TFCI.
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Appendix A
Table 10 Seasonal abundance of selected key species impinged at Sizewell B and predicted depletion
during those periods at a range of scales. Values provided show local effects of Sizewell B operating alone
and are based on 10% exchange rates. Green shaded species have been identified as potential prey items
for HRA designated species at Sizewell. Underline species have been identified by the Environment Agency
as important for the Alde & Ore WFD fish classification.
Group

Period (days)

Species
Sprat

Pelagic

Herring

Pelagic

Whiting

Demersal

Seabass

Demersal

Sand goby

Epi-benthic

Dover sole

Epi-benthic

Anchovy
Dab

Pelagic
Epi-benthic

Thin-lipped grey
mullet
Flounder

Epi-benthic

Plaice

Epi-benthic

Smelt

Pelagic

Cod

Demersal

Demersal

Thornback ray

Epi-benthic

Eel

Epi-benthic

Twaite shad
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Pelagic

Dec. – March
(121)
Feb. – April
(89)
Oct. – April
(221)
Dec. – March
(121)
Aug. – Dec.
(162)
March – Oct.
(245)
June
(30)
Throughout
(365)
Jan. – March
(90)
Oct. – June
(282)
Throughout
(365)
April – Nov.
(253)
Dec. – March
(121)
March – May
(92)
Aug. – Nov.
(131)
March – Aug.
(184)
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SZB
GSB

33F1

4c

2.50

0.03

0.007

2.50

0.03

0.003

2.15

0.03

0.011

2.15

0.03

0.06

0.79

0.01

0.003

0.79

0.01

0.005

2.40

0.024

0.001

0.80

0.02

0.007

2.14

0.03

0.011

0.79

0.01

0.005

0.80

0.02

0.007

2.51

0.04

0.015

2.15

0.03

0.003

0.79

0.01

0.001

0.79

0.01

0.002

2.51

0.04

0.010
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Table 11 Seasonal abundance of selected key species impinged at Sizewell B and predicted depletion
during those periods at a range of scales. Values provided show local effects of Sizewell C operating alone
and are based on 10% exchange rates. Green shaded species have been identified as potential prey items
for HRA designated species at Sizewell. Underline species have been identified by the Environment Agency
as important for the Alde & Ore WFD fish classification.
Group

Period (days)

Species
Sprat

Pelagic

Herring

Pelagic

Whiting

Demersal

Seabass

Demersal

Sand goby

Epi-benthic

Dover sole

Epi-benthic

Anchovy
Dab

Pelagic
Epi-benthic

Thin-lipped grey
mullet
Flounder

Epi-benthic

Plaice

Epi-benthic

Smelt

Pelagic

Cod

Demersal

Demersal

Thornback ray

Epi-benthic

Eel

Epi-benthic

Twaite shad
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Pelagic

SZC
Tidal extent

33F1

4c

0.88

0.03

0.006

0.88

0.03

0.004

2.10

0.09

0.028

2.08

0.08

0.014

0.77

0.03

0.07

0.77

0.03

0.012

0.83

0.02

0.001

0.78

0.04

0.018

2.08

0.07

0.010

0.78

0.04

0.013

0.78

0.04

0.018

0.89

0.04

0.014

2.10

0.08

0.015

0.77

0.03

0.004

0.77

0.03

0.006

0.88

0.04

0.010

Dec. – March
(121)
Feb. – April
(89)
Oct. – April
(221)
Dec. – March
(121)
Aug. – Dec.
(162)
March – Oct.
(245)
June
(30)
Throughout
(365)
Jan. – March
(90)
Oct. – June
(282)
Throughout
(365)
April – Nov.
(253)
Dec. – March
(121)
March – May
(92)
Aug. – Nov.
(131)
March – Aug.
(184)
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