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Executive summary 

Introduction 

As a result of the direct cooling of the Sizewell C (SZC) power station with seawater, fish will be 
abstracted into the cooling water (CW) infrastructure. To avoid fish, invertebrates and other debris 
passing into the station condensers, cooling water from the intakes passes through rotating drum 
or vertical band screens. Impinged fish and invertebrates are washed from the screens and are 
returned to sea via the Fish Recovery and Return (FRR) outfall. Survival rates for delicate pelagic 
species such as herring, sprat and shad are usually <10% (Turnpenny and O’Keeffe, 2005). 
However, for demersal species such as the robust gadoids (e.g. cod) survival rates are 50 - 60% 
(BEEMS TR406) and for more robust species such as eel Anguilla anguilla, plaice Pleuronectes 
platessa and flounder Platichthys flesus survival rates are 80 - 100%. 

BEEMS Technical Report TR406 has considered the effects of fish and crustacea loading on the 
survivability of fish within the SZC FRR system and BEEMS Technical Report TR511 has modelled 
the locations where dead fish discharged from the FRR system are likely to wash up on local 
beaches and how long they will remain before being consumed by gulls. This report (BEEMS 
Technical Report TR520) considers the potential effects on local water quality from decomposing 
dead fish discharged from the SZC FRR system. Sizewell B (SZB) also discharges impinged fish 
back to sea but the influence of these inputs contributes to baseline monitoring data that forms part 
of the assessment.  

In version 1 of this report, the biomass of moribund organisms discharged from the SZC FRR 
system was calculated from the results of the SZC impingement assessment presented in BEEMS 
Technical Report TR406 v7. That assessment was based upon the estimated performance of the 
two impingement mitigation systems that are planned for SZC: 
 

a. Low Velocity Side Entry (LVSE) intakes; and 
b. An FRR System 
 

The estimated reductions in impingement mortality from these two systems were as detailed in 
BEEMS Technical Report TR406 v7.  

After the Environment Agency made comments over aspects of the SZC impingement calculations 
in TR406, a thorough audit of the data and the raising factors was conducted, and the following 
changes were made: 

i. Invalid overflowed bulk samples were removed from the impingement record; 
ii. Some pump raising factors were corrected; and 
iii. Improved estimates of SZB cooling water flow were incorporated into the assessment 

These changes and the consequent change in predicted SZC impingement numbers are detailed 
in BEEMS Scientific Position Paper SPP111. The net result was to reduce SZC unmitigated 
impingement estimates for 23 of the 24 key species assessed in TR406 (only cod impingement 
increased and then only by 2.6%). For the species that made up the top 95% of SZC impingement, 
the mean impingement was reduced by 11.4%. In this version 3 report the effects of the SZC FRR 
discharges have been recalculated using the revised SZC impingement numbers presented in 
SPP111. The LVSE and FRR mitigation factors are unchanged from those detailed in TR406. As in 
version 1 of this report, the FRR effects assessment is presented with and without the LVSE 
intakes included. 
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Purpose of the FRR assessment  

The purpose of this assessment is to determine whether there would be any deterioration in the 
water body status under the Water Framework Directive (WFD) from the FRR discharges. The 
assessment considers effects on the WFD water bodies and associated Marine Strategy 
Framework Directive (MSFD) sea area within the local area of the SZC FRR outfall: 

a. Suffolk Coastal water body, C21: the SZC FRRs would discharge into this water body. The 
SZB intake and outfall also abstract from and discharge to this water body. 

b. Adjacent WFD water bodies 

c. MSFD sea area: The Greater North Sea. This assessment considers the potential effects of 
the SZC FRR discharge on nutrient concentrations, biochemical oxygen demand, un-
ionised ammonia, phytoplankton production and organic enrichment of the seabed 
sediments due to smothering and resulting potential habitat loss. 

The assessment methodology considers whether there would be any deterioration in status of the 
Suffolk Coastal water body; if none was identified then no deterioration could be concluded for 
adjoining water bodies both upstream and downstream of the discharges.  If a potential 
deterioration was identified, the resulting effect on other WFD water bodies outside of those initially 
selected would be undertaken within the WFD ‘Further Assessment’ stage. 

Assessment Results 

The assessment results are presented with the FRR and LVSE intakes fitted and as worst case 
with only the FRR fitted. 

Water Quality  
Dissolved inorganic nitrogen and Dissolved inorganic phosphorus 

The FRR discharge is predicted to release dissolved inorganic nitrogen (DIN) into the Suffolk 
Coastal water body. Under the WFD standards, the Suffolk Coastal water body has ‘Good’ 
chemical status but is moderate for DIN. Discharges from an operational SZC with an FRR fitted 
but no LVSE (Appendix A,4) would result in a very small elevation in DIN in the receiving water 
body representing <0.4% of the mass present in daily tidal exchange for Sizewell Bay for daily 
operational inputs in combination with those from the FRR (with ca. 52% of this from the FRR).  
For dissolved inorganic phosphorus (DIP) combined inputs from operation and the FRR would 
result in a very small elevation in DIP in the receiving water body representing 0.23% of the mass 
present in the daily tidal exchange for Sizewell Bay (with around 87% of this from the FRR). In 
relative terms this level of input for both DIN and DIP is negligible and would not change the 
current nutrient status of the water body or have a significant effect for wider sea areas.  

With LVSE fitted the nitrogen and phosphorus loadings would be reduced to around 40% of those 
with FRR only and so the influence on nutrient status would be much lower. 

Biochemical oxygen demand (BOD) 

The decaying biomass of moribund fish from the FRR would have negligible impact on the oxygen 
levels for the Suffolk Coastal water body. The predicted oxygen demand of the decaying biomass 
(based on the upper 95th percentile of the biomass loading) was estimated for Quarter 1, the period 
of maximum predicted impinged biomass, with LVSE in place and takes account of the influence of 
a temperature elevation of 2°C in the vicinity of the FRR. Under this scenario the oxygen demand 
would be equivalent to an area of 0.07 km2 (7.04 ha), without LVSE this would increase to 0.2 km2 



 100813986 
Revision 03 

CEFAS BEEMS TECHNICAL REPORT TR520 SIZEWELL C WATER QUALITY EFFECTS OF 
THE FISH RECOVERY AND RETURN SYSTEM 

NOT PROTECTIVELY MARKED 
 

2a_3_13a - TR520 rev 3 - WQ 
effects SZC FRR system.docx NOT PROTECTIVELY MARKED Page 11 of 51 

 

(19.73 ha) that would move from good to moderate status for oxygen concentration. This is a 
worst-case assessment as it assumes no predation and no remobilisation of partially decayed fish.  

In practice both effects will take place reducing the predicted area of influence on dissolved oxygen 
levels. 

Table (i) shows a comparison of the calculated BOD loadings in Environmental Statement (ES) 
Appendix 21F to the values derived for version 1 and 3 of this report (TR520). 

Table (i) Comparison of areas affected for predicted biological oxygen demand loadings for 
different report versions and ES Appendix 21F (no LVSE included) 

Report version  Predicted highest daily biomass of 
fish (kg) 

Potential area reduced from 
good to moderate status for 
dissolved oxygen from 
biological oxygen demand of 
decaying biomass (including 
influence of thermal uplift 2°C) 

ES Appendix 21F 3442.14 (daily average March) 20.42 ha 
TR520 V1 3696.71 (Q1 daily 95th percentile) 21.93 ha 
TR520 V3 3326.24 (Q1 daily 95th percentile) 19.73 ha 

 

Un-ionised ammonia 
The un-ionised ammonia contribution from FRR biomass was assessed considering conditions that 
would maximise the derived concentration (i.e. upper 95th percentile of the biomass loading during 
Quarter 1 when the largest numbers of fish are impinged). Taking account of thermal influence and 
the most extreme background pH and salinity an area of 0.006 ha (0.018 ha without LVSE) could 
be exposed to an un-ionised ammonia concentration at or above the EQS of 21 µg l-1. This input 
would be expected to dissipate more widely and have minimal influence on the water column or 
sediments. 
Table (ii) shows a comparison for the calculated un-ionised ammonia loadings in ES Appendix 21F 
compared to those in version 1 and 3 of this report (TR520).  

 
Table (ii) Comparison of predicted un-ionised ammonia loadings for different report versions and ES 
Appendix 21F (no LVSE included) 

Report version  Predicted highest daily biomass of 
fish (kg) 

Area under 
average water 
quality 
conditions for 
Sizewell for un-
ionised 
ammonia ha 

Area under extreme 
water quality 
conditions for 
Sizewell for maximal 
un-ionised ammonia 
(including thermal 
uplift 2°C) ha 

ES Appendix 21F 3442.14 (daily average March) 0.007 0.012 
TR520 V1 3696.71 (Q1 daily 95th percentile) 0.011 0.0201 
TR520 V3 3326.24 (Q1 daily 95th percentile) 0.010 0.0181 

1 Both these calculations apply 2°C uplift to average background temperature Appendix 21F applied background for 
March which reduces proportion of un-ionised ammonia  
 
Organic enrichment of benthic habitat due to smothering 
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For organic carbon deposition a benchmark value is defined as 100g organic carbon/m2/year. An 
equivalent daily value would be 0.27g organic carbon/m2/day. During the winter, the highest 
numbers of fish are discharged from the FRR and adopting the peak value of associated carbon 
for the equivalent moribund biomass of fish this would contribute to an organic carbon loading at 
the benchmark standard level over an area of 1.35 km2 (3.79 km2 with no LVSE) in the worst-case 
period for largest numbers of fish not surviving impingement (based on the upper 95th percentile of 
the biomass in Quarter 1). For most of the year carbon loadings would be much lower and based 
on annual 95th percentile biomass inputs with LVSE the area at benchmark value would be 
equivalent to 0.61 km2 (1.71 km2 with no LVSE). 

Table (iii) shows a comparison between the calculated organic carbon loadings in ES Chapter 22 
(Marine Ecology and Fisheries) compared to those in version 1 and 3 of this report (TR520). For 
the habitats assessment in this report the organic carbon footprint is also evaluated with a worst-
case assumption of no LVSE intakes fitted to SZC. 

Table (iii) Comparison of predicted organic carbon loadings for different report versions and ES 
Chapter 22. 

Report 
version 

Predicted daily 
average biomass 
as organic carbon 
(kg) January- 
December 

(with LVSE) 

Predicted area at 
carbon benchmark  

0.27g C/m2/d  

(with LVSE) 

Predicted daily 
average biomass 
as organic carbon 
(kg) January- 
December 

(without LVSE) 

Predicted area at 
carbon benchmark  

0.27g C/m2/d  

(without LVSE) 

ES Chapter 
22 126.71 46.25 ha1 (0.46 km2) Not assessed Not assessed 

TR520 V1 
411.752 

(Q1 95th percentile) 
151.04 ha (1.51 km2) 

1153.37 

 (95th percentile) 
420.98 ha (4.21km2) 

TR520 V3 
370.492  

(Q1 95th percentile) 
135.23 ha (1.35 km2) 

1037.79 

 (95th percentile) 
378.79 ha (3.78km2) 

1: For ES Chapter 22 the percentage of fish sinking to the seabed was included in calculations resulting in a lower 
carbon value of 112 kg and area affected of 40.7 ha. 2: A more precautionary assessment in V1 and v3 of this report 
uses peak carbon values for Q1 as 95th percentiles. 

Potential effects of elevated nutrients on phytoplankton status 

SZC will discharge small volumes of nutrients in the form of phosphate and nitrates, which will tend 
to increase local phytoplankton productivity. For much of the year light availability limits 
phytoplankton growth and the addition of relatively small quantities of nutrients has no effect. In the 
summer, nitrate is a limiting nutrient (when light is not limiting) and is consumed rapidly. However, 
the nutrient exchange with the wider marine environment is much greater than the maximum 
proposed discharges and an evaluation of nutrient loadings without LVSE using a combined 
phytoplankton macroalgal model was provided in ES Appendix 22H, BEEMS TR385.  This 
modelling showed that during operation, the predicted increase in phytoplankton growth due to the 
SZC discharges would be negligible at <0.3% increase in annual gross production of carbon. (The 
predicted increase in phytoplankton growth during construction and commissioning would be lower 
than during operation).  The updated annual nutrient values derived without LVSE in this report 



 100813986 
Revision 03 

CEFAS BEEMS TECHNICAL REPORT TR520 SIZEWELL C WATER QUALITY EFFECTS OF 
THE FISH RECOVERY AND RETURN SYSTEM 

NOT PROTECTIVELY MARKED 
 

2a_3_13a - TR520 rev 3 - WQ 
effects SZC FRR system.docx NOT PROTECTIVELY MARKED Page 13 of 51 

 

(TR520 v3) and shown in Table (iv) are lower than the loadings used in the Combined 
Phytoplankton and Macroalgae (CPM) model run for ES Appendix 22H.  The results of the CPM 
assessment in ES Appendix 22H of negligible impact on phytoplankton growth are therefore 
unchanged in this current report. 

Table (iv) Comparison of predicted nutrient loadings for different TR520 versions and ES Appendix 
22H (No LVSE) 

Report version 
Predicted daily average 
biomass (kg) January- 
December 

Nitrogen (N) 
estimate (kg) 

Phosphorus (P) 
estimate (kg) 

ES Appendix 22H 1065.5 37.29 5.33 

TR520 V1 1072.56 37.54 5.36 

TR520 V3 973.23 34.06 4.67 

 

The potential for nutrient additions to enhance opportunistic macroalgae in the Blyth or the more 
distant Alde-Ore Estuary has been raised. The point source is located a considerable distance 
from the estuaries, over 10km from the mouth of the Blyth and 23km from the mouth of the Alde-
Orr Estuary at Shingle Street. Furthermore, the inshore estuaries and tidal areas of Eastern 
England, monitored for opportunistic macroalgal as part of the WFD, do not appear to exhibit 
excessive growth (Painting et al., 2017). As such, no discernible effects on opportunistic algae 
because of nutrient discharges from the proposed development are anticipated.   

The FRR (with or without LVSE) discharge would therefore cause no deterioration in the water 
body status under the WFD for phytoplankton nor is it likely to influence macroalgal growth in 
adjacent transitional water bodies. 

Test for inclusion of habitats in the WFD assessment 
The tests for inclusion of habitats in a WFD assessment are if the footprint of the FRR discharge 
meets any of the areas of effect shown in Table v. 
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Table v Tests for inclusion of habitats in WFD assessment 

Test Predicted activity footprint Result 

i. 0.5 km² or larger Organic enrichment peak period Q1 upper 95th 
percentile with LVSE 1.35 km² (3.79 km² with no LVSE) 

Exceeds test 
value 

ii. 1% or more of the 
water body’s area 

Organic enrichment peak period Q1 upper 95th 
percentile with LVSE 1.35 km² (3.79 km² with no LVSE) 
and is equivalent to 0.92% (2.20% with no LVSE) of the 
Suffolk Coastal water body area 

Exceeds test 
value with no 
LVSE intakes 

iii. within 500 m of 
any higher 
sensitivity habitat 

Organic enrichment peak period Q1 upper 95th 
percentile with LVSE, the effect footprint would be at 
666.24 metres from the nearest point of the coralline 
crag and associated polychaete (Sabellaria spinulosa) 
reef habitat 

Without LVSE the organic matter footprint would just 
make contact with but not overlap polychaete habitat 

Exceeds test 
value with no 
LVSE intakes 

iv. 1% or more of any 
lower sensitivity 
habitat 

Organic enrichment peak period Q1 upper 95th 
percentile with LVSE, the effect footprint overlaps 9.88% 
of lower sensitivity habitat in the Suffolk Coastal water 
body this would increase to 20.66% without LVSE 

Exceeds test 
value 

 

Tests i. and iv. are met if LVSE intakes are fitted and all 4 tests are met without LVSE 
intakes. 

Potential effects on WFD habitats 
Higher sensitivity habitats 

The footprint of the predicted organic carbon discharge of the FRR with LVSE in place is not within 
500 m of higher sensitivity habitat polychaete reef and so there in no potential overlap of the 
Sabellaria sublittoral reef habitat area for Sizewell Bay. Without LVSE based on the upper 95th 
percentile assessment for Q1, the organic carbon footprint would abut but not overlap the 
Sabellaria habitat but this would be an extreme occurrence.  For example, for other quarters of the 
year the equivalent upper 95th percentile biomass loading is between 10 to 40% of that for Q1 
(Table 9).  The predicted plume areas for reduced dissolved oxygen (to a level that would 
represent a change in status from good to moderate) and for un-ionised ammonia (to reach a 
concentration equal to the EQS of 21 µg l-1) are very small and there is also no overlap with 
polychaete reef habitat. The area potentially affected by the discharge footprints is based on a 
most conservative assessment and considers the peak biomass (which occurs in Quarter 1 and 
applies 95th percentile value) discharge and assumes no predation of dead fish. Sabellaria reef 
habitat is also not considered a sensitive receptor for the additional organic carbon input as it is 
typically associated with dispersive conditions that would reduce settlement of organic material and 
evidence suggests (Walker and Rees, 1980) an ability of Sabellaria to adapt to organically 
enriched conditions. 

Lower sensitivity habitats 
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The FRR discharge would overlap with lower sensitivity infralittoral fine sand habitat. The potential 
impact footprint for the maximum winter discharge during Quarter 1 considering 95th percentile 
biomass loading for elevated un-ionised ammonia (to reach a level equal to the EQS) is negligible 
at 0.004 ha increasing to 0.006 ha under thermal influence. Without LVSE the area under thermal 
influence is still small 0.01 ha and would increase to 0.018 ha. Q1 represents the period of 
maximum biomass loading and the worst case 95th percentile has been assessed. Maximal values 
of biomass for most of the year would be 10 to 40% of the Q1 figures and mean levels of biomass 
would be reduced still further. The impact footprint for un-ionised ammonia is therefore considered 
likely to have negligible impact with or without LVSE.   

For assessment of the influence of the maximum biomass discharge decay upon dissolved oxygen 
(DO), together with the influence of a temperature uplift from the thermal effluent, the area 
equivalent to a reduction from good to moderate DO status would extend over 7.04 ha of low 
sensitivity habitat. This would increase to an area of 19.73 ha with no LVSE. With LVSE the area 
affected would represent 0.52% of the low sensitivity Infralittoral fine sand habitat within the Suffolk 
Coastal water body. Without LVSE the area affected represents an increase to 1.45% of the 
habitat within the Suffolk Coastal water body. The area affected by a reduction in DO would be 
much smaller for most of the year and the actual level of DO reduction assessed here is small i.e. 
from 5.7 to 4 mg/l with many of the species in the relevant habitat areas showing tolerance of lower 
oxygen conditions. The impact footprint for DO reduction is therefore considered likely to have 
negligible impact with or without LVSE.   

For Q1 considering a 95th percentile organic carbon deposition with LVSE in place the footprint of 
potential area affected above the benchmark level (Tyler-Walters et. al., 2018) could overlap with 
an area of 9.9% Infralittoral fine sand habitat within the Suffolk Coastal water body. The footprint of 
the area predicted to be affected by increases in organic matter concentration above benchmark 
levels would not overlap with polychaete reef habitat and is over 500 metres away at the nearest 
point. However, without LVSE the Q1 95th percentile biomass would result in an increased area of 
3.79 km2 and the discharge footprint would abut with but not overlap polychaete reef habitat. 
Polychaete reef habitat is not considered especially sensitive to increased organic matter loading 
as this habitat is usually present in areas of high water movement where material would tend to 
disperse and to not settle. 

Overall, discharges from the FRR are likely to have neutral to localised minor effects on core 
species of Infralittoral fine sand habitat in Sizewell Bay. No significant changes to the community 
structure or function of these habitats are expected. 

Summary 

The decay of fish that do not survive passage through the FRR and that are part of the FRR 
discharge has been assessed. The assessment is precautionary accounting for the highest 
potential biomass discharge from the FRR and takes account of physicochemical extremes and 
influence of thermal elevation upon potential water quality effects that could be contributed by the 
moribund fish biomass discharged from the FRR. The zone of potential impact at the point of 
discharge of the FRR is predicted to affect a small area.  

With LVSE fitted the influence of the FRR discharge is not within 500 m of polychaete reef habitat, 
a WFD higher sensitivity habitat (with no LVSE it is within 500 metres but does not overlap the 
habitat). There is no predicted overlap of this Sabellaria habitat with the predicted effect area for 
dissolved oxygen reduction and elevated un-ionised ammonia or for organic carbon enrichment 
above benchmark level.  
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However, the FRR discharge will overlap with low sensitivity infralittoral fine sand habitat. The 
overlap of the un-ionised ammonia discharge would be negligible. For reduced dissolved oxygen 
the influence of the discharge footprint may extend over 7.04 ha of low sensitivity habitat and this 
represents less than 0.52% of this habitat in the Suffolk Coastal water body. 

The effect of elevated organic carbon loading discharge on lower sensitivity habitats from the FRR 
whilst affecting 9.9% of this habitat in the Suffolk water body is likely to have neutral to localised 
minor effects on core species of infralittoral fine sand habitat. No significant changes to the 
community structure or function of these habitats are expected. 

This assessment is conservative and the predicted changes in water quality, to inorganic 
enrichment of benthic habitat and to phytoplankton production in Sizewell Bay and the Suffolk 
Coastal water body due to the FRR discharges are predicted to be negligible and to cause no 
deterioration to water body status. No deterioration can therefore be concluded for adjoining water 
bodies both upstream and downstream of the discharge. The small areas of elevated BOD and 
ammonia and relevant loadings would not change the status of the Greater North Sea sub-region.  

TR511 showed that approximately 12% of the dead fish discharged from the FRR did not sink 
immediately in the vicinity of the FRR outfall, with a total of ca., 3.5% being consumed by seabirds 
and approximately 7.9% sinking over a wide area over a period of 24 hours. To be precautionary, 
the assessments in this report assume that 100% of dead fish discharged from the FRR outfall will 
sink immediately and no reduction is made for the 12% that will be advected over a larger area. 
The effects due to decay of this larger discharge have been assessed in this report as negligible 
and as having no effect on the status of the Suffolk Coastal water body or the associated Marine 
strategy area. There is, therefore, no need to consider the water quality and biological effects of 
the more diffuse spread of dead fish as these will also be negligible. 

This report provides an update to the evaluation of potential water quality effects resulting from 
impinged biomass discharged from the Sizewell FRR as reported in Appendices 21E and 21F of 
the ES.  The revised impingement data reported in SPP111 results in SZC FRR discharge fish 
biomass loadings (without LVSE intakes) that are approximately 3% lower (Table i) than assessed 
in ES Appendix 21F. After consideration of consultee responses to the ES, the organic carbon 
assessments in this report (Table (iii)) use a more precautionary scenario than described in the 
ES.  The SZC FRR discharge is assessed in this report with LVSE intakes fitted or as a worst-case 
with no LVSE intakes fitted. 

The assessment results in this report show negligible difference from those provided in the ES for 
BOD, un-ionised ammonia, and nutrients and in all scenarios, show no significant effect on the 
Suffolk Coastal water body. The organic carbon assessment shows a larger effect area than in the 
ES, but the area is still negligible with or without LVSE intakes. A detailed assessment of the FRR 
discharge effects on high and low sensitivity WFD habitats shows no significant effects. 

All the assessments in this report are highly precautionary in that they assume that dead fish would 
settle onto the seabed and would not subsequently be predated or remobilised by tidal currents. 
This is considered an implausible scenario and the effects in practice are expected to be lower 
than predicted in this report. 

It is concluded that the FRR discharges from SZC would have no significant environmental effect 
and would not result in a reduction in the status of the Suffolk Coastal water body. 
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1 Background 

As a result of the direct cooling of the Sizewell C (SZC) power station with seawater, fish will be 
abstracted into the cooling water (CW) infrastructure. To avoid fish, invertebrates and other debris 
passing into the station condensers, cooling water from the intakes passes through rotating drum 
or band screens. Impinged fish and invertebrates are washed from the screens and are returned to 
sea via the dedicated subtidal Fish Recovery and Return (FRR) outfall. 

FRR systems have been reported to achieve 80−100% survival rates for robust epibenthic species 
such as plaice Pleuronectes platessa and flounder Platichthys flesus, and moderate rates 
(~50−60%) for demersal species such as the robust gadoids (e.g. cod). However, survival rates for 
delicate clupeid species such as herring and sprat are usually low (<10%, Turnpenny and 
O’Keeffe, 2005). This report assesses the effects on water quality that result from the degradation 
of dead fish that do not survive passage via the SZC FRR system. 

The environmental impact assessment for the SZC power station requires consideration of the 
effects of cooling water abstraction and discharge on the coastal ecosystem. Under the Water 
Framework Directive (WFD), it is necessary to assess the effects of SZC upon chemical and 
biological indicators of water quality with one of the biological indicators being the phytoplankton 
index.  

SZC will abstract cooling water from the marine environment at a rate of approximately 132 m3 s-1. 
The cooling water will be heated by approximately 11.6°C and treated with a chlorine-based 
biocide to prevent biofouling. The cooling water will be returned to the marine environment at 
approximately the same location from which it was extracted.  

1.1 Water Framework Water Bodies 

The purpose of this assessment was to determine whether there would be any deterioration in the 
water body status under the WFD from the FRR discharges. The assessment began with the 
selection of the relevant WFD water body within the local area of the SZC FRR outfall. 

The FRR discharges will be approximately 400 metres offshore into the Suffolk Coastal (coastal 
water body, C21). 

The assessment methodology considered whether there was any deterioration in status in this 
water body; if none were identified then no deterioration could be concluded for adjoining water 
bodies both upstream and downstream of the discharges.  If a potential deterioration were 
identified, the resulting effect on other WFD water bodies outside of the Suffolk coastal water body 
would be undertaken within the WFD ‘Further Assessment’ stage. The WFD water body Suffolk 
Coastal is shown in Figure 3.  

Data for the Suffolk Coastal water body has been obtained from the second River Basin 
Management Plan (RBMP) status objectives published by the Environment Agency, as presented 
in the online Catchment Data Explorer and the ‘Cycle 2 Extended Water Body Summary Report’ 
produced for each water body and presented in Table 1. 
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Table 1 Summary of WFD water body information 

Parameter Information 

WFD  Suffolk 

Water body ID GB650503520002 

River basin district name Anglian 

Water body type (estuarine or 
coastal) Coastal 

Water body total area (km2) 146.53 

Overall water body status 
(2016) Moderate 

Ecological status Moderate 

Fish classification status Not assessed as coastal water 
body 

Chemical status Good 

Target water body status and 
deadline GEP by 2027 

Hydromorphology status of 
water body Not assessed 

Heavily modified water body 
and for what use 

Yes – Coastal and Flood 
Protection 

Higher sensitivity habitats 
present Polychaete reef and Saltmarsh 

Lower sensitivity habitats 
present 

Cobbles, Gravel and shingle, 
Intertidal soft sediment, Rocky 
shore, Subtidal rocky reef, 
Subtidal soft sediments 

Phytoplankton status Good 

History of harmful algae Not monitored 

WFD protected areas within 2 
km  

Yes (European designated sites 
only) 

 

1.2 The Sizewell power stations in context 

There is an existing operational power station at Sizewell (Sizewell B). The Sizewell B outfall is 
positioned 150m offshore (from mean water level on the beach face) and the SZB intake is located 
600 m offshore (Figure 2). Sizewell B therefore extracts and discharges within Sizewell Bay and 
within the Suffolk Coastal water body. The Sizewell C cooling water intakes and outfalls are 
located 3km offshore, beyond the Sizewell-Dunwich Bank, and therefore operational discharges 
would be within a different and larger tidal excursion with Sizewell Bay and the open sea. 
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Two Fish Recovery and Return (FRR) systems would form part of the SZC cooling water system. 
The exact positions of the FRR outfalls are still subject to final engineering design, however, 
assessment suggests that the optimal easting is between BNG Easting 647977 and 648127. The 
northing positions of each FRR are aligned with the two EPR forebays, allowing a minimum tunnel 
length of ca. 400m offshore from the hard-coastal defence feature. As a result of the direct cooling 
of SZC with seawater, fish will be impinged through the cooling water infrastructure. To avoid fish, 
invertebrates and other debris passing into the station condensers, cooling water from the intakes 
passes through rotating drum and band screens. These organisms (fish and crustaceans >25 mm 
in length) are removed through impingement on rotating fine-mesh (10 mm at Sizewell B and this 
value is also proposed for Sizewell C) drum screens which protect the main cooling water supply to 
the station condensers and band screens that protect the essential and auxiliary cooling water 
systems. The smaller organisms (mostly fish eggs and larvae and other plankton) that pass 
through the drum screens are entrained and pass through the power station cooling system 
without causing significant blockages. 

Impinged organisms will be returned to the sea via a Fish Recovery and Return system (FRR). Not 
all will survive this process and EDF Energy is required to evaluate the impact of the loss of these 
organisms on marine communities. The FRR outfalls will be into the subtidal waters of Sizewell 
Bay, discharging at a depth of ca. 4 m. 

The area enclosed by the Sizewell Bay is not a closed system and there is greater daily exchange 
of water between that area and the Southern North Sea and daily extraction of water within this 
area due to the SZB power station. The volume of the Sizewell Bay at Mean Sea Level (MSL) is 
3.64 x 108 m3. The Suffolk Coastal water body intersects Sizewell Bay and is defined by the area 
enclosed by a boundary line extending from the coast with a northern boundary extending from 
North Beach Gunton (North of Lowestoft) and southern boundary at the North of old Felixstowe 
(Figure 3).  

A typical value for exchange rate coefficients in partially mixed estuaries is 5% volume exchange 
on each tide (Dyer, 1979) i.e. 10% per day and this figure has been used in this report for various 
assessments. This is a conservative estimate for coastal sites on the east coast where the tidal 
exchange has been estimated at approximately 10% over a 12-hour tidal period (i.e. ~20% per 
day) (Environment Agency, 2011). 
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Figure 1: Overview of the location of the SZC and SZB intakes and outfalls.  Outfalls are red, intakes green 
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Figure 2: Areas from which the Sizewell B and Sizewell C intakes extract cooling water (used to calculate 
volumes for use in the simple phytoplankton box model, BEEMS TR385). Red inner hash area encapsulates 
the Sizewell Bay region used in association with the Sizewell B intake and outfall and FRRs for Sizewell C 
and the green outer hash area marks the area used in association with the Sizewell C intakes and outfall.  
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Figure 3: Map showing Suffolk Coastal boundary and that for the Outer Thames Special Protected Area. The 
red dots are geographical locations and the other points shown are Environment Agency (EA) water quality 
sampling stations shown in relation to Sizewell.  
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1.3 Background to assessments 

During the operation of SZC, discharges of cooling water conditioning chemicals and treated 
sewage will increase dissolved inorganic nitrogen (DIN) and phosphorus (DIP) inputs to the marine 
environment (Appendix A). The SZC Fish Recovery and Return (FRR) is planned to provide a safe 
return of the more robust organisms from the drum and band screens directly into the marine 
environment. However, some organisms will not survive passage through the FRR system and 
after discharge, their subsequent decay will also introduce additional DIN and DIP into the local 
environment around the FRR outfall. 

The Sizewell C cooling water system is chlorinated after the drum and band screens but routing of 
the water sources that supply the FRR would mean that it would not be chlorinated. 

The SZC FRR will discharge into the Suffolk Coastal water body. Estimates of moribund biomass 
discharged from the FRR have been calculated and values for nutrient input and influence on other 
parameters have been derived (Appendix B) and are discussed in the following sections.  

1.3.1 Assessment thresholds 
The predicted amount of change for a given impact is assessed in relation to regulatory thresholds 
or standardised pressure benchmarks, for example, Environmental Quality Standards (EQS).  In 
the absence of established standards, applied thresholds based on a ‘weight of evidence 
approach’ and pressure benchmarks proposed in Marine Evidence-based Sensitivity Assessments 
(MarESA) (Tyler-Walters et al 2018) are used to inform impact magnitude.  Pressure benchmarks 
provide a basis for assessing the sensitivity of a given receptor to the site-specific impacts relative 
to recognised standards. Exceedance of benchmark thresholds would trigger further ecological 
investigation and does not necessarily infer sensitivity of all receptor groups. 

 
1.3.2 Calculation of FRR discharges 
In Revision 1 of this report, the biomass of moribund organisms discharged from the SZC FRR 
system were calculated from the results of the SZC impingement assessment presented in 
BEEMS Technical Reports TR406 v7 and TR339. The assessment was based upon the estimated 
performance of the two impingement mitigation systems that are planned for SZC: 

a. Low Velocity Side Entry (LVSE) intakes 

b. An FRR System 

The estimated reductions in impingement mortality from these two systems were as detailed in 
BEEMS Technical Report TR406.  

After the Environment Agency made comments over aspects of the SZC impingement calculations 
in TR406, a thorough audit of the data and the raising factors was conducted, and the following 
changes were made: 

i. Invalid overflowed bulk samples were removed from the impingement record; 

ii. Some pump raising factors were corrected; and 

iii. Improved estimates of SZB cooling water flow were incorporated into the assessment 
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These changes are detailed in BEEMS Scientific Position Paper SPP111. The various adjustments 
made are incorporated to provide the outputs for this report. Results here for BOD, un-ionised 
ammonia and carbon calculation are based on biomass values derived from 95th percentile 
impingement weights for Q1 with and without LVSE which includes the period of highest biomass 
loading. This approach results in lower biomass values being used compared to those reported in 
ES Appendix 21E and 21F and so the supporting assessment for the ES remains valid but is now 
more precautionary. For the nutrient calculations, the assessment described in ES Appendix 22H 
was based on FRR mitigation only. The updated figures used here are marginally lower even 
without LVSE based on the same assessment and so the original evaluation can be considered 
precautionary particularly as LVSE mitigation would contribute a further reduction.   

 

2 Fish Recovery and Return System - assessment of 
potential effects on physicochemical parameters 

The FRR system is designed to minimise impacts on impinged fish and invertebrate populations. 
However, some species such as clupeids are highly sensitive to mechanical damage caused by 
impingement on the screens and incur high mortality rates. The return of dead and moribund biota 
retains biomass within the local food web but represents a source of organic carbon with the 
potential to enhance secondary production of carnivorous zooplankton and through the detrital 
pathways. In addition to organic loading, the potential for increases in nutrients, un-ionised 
ammonia concentration and reductions in dissolved oxygen due to the decaying biomass are 
considered.  

The total biomass of moribund biota that may potentially be discharged from the FRR is estimated 
based on the level of abstraction (pump rates) for the planned SZC intakes and the information on 
seasonal distribution of species and length weight distribution of the species impinged for the 
existing Sizewell C (BEEMS TR406 and Appendix B, Tables 5 - 9). The assessment considers the 
total discharge loading of biomass from the moribund biota from both FRRs together at a single 
location FRR1 (the discharged material from the two FRRs separately would cover a slightly 
different footprint but assessing total discharge from FRR1 the most southerly produces a worst-
case assessment as it is slightly closer to polychaete reef habitat). The main area of habitat 
overlap is also the same for the footprint derived assuming all biomass is discharged via FRR1 so 
does not affect the overall assessment. 

The SZC data indicate that the highest biomass discharged occurs in Quarter 1 (January to 
March), when a mean of 873.60 kg per day (this would be 2447.07 kg without LVSE) is predicted 
to be discharged from the FRRs (Appendix B, Table 9). To provide a more conservative 
assessment 95th percentile loading values (1187.47 kg per day with LVSE and 3326.24 kg without) 
were used for all assessments other than for nutrient release which are modelled for a whole year 
and so use annual mean daily biomass. 

Observations reported in BEEMS TR511 indicate that 88% of moribund fish discharged from the 
FRR would sink immediately and be deposited in an area around the FRR discharge. The 
remaining ca.,12% would be passively transported from the FRR outfall by the strong tidal 
currents. This group of dead fish would either: 
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• sink to the seabed before reaching land and either decompose or more likely be consumed 
by benthic organisms, or  

• be consumed by foraging piscivorous birds (whilst the fish are floating but also once any 
fish beach. 

 
TR511 showed that of the 12% of the dead fish that did not sink immediately in the vicinity of the 
FRR outfall, a total of ca., 3.5% would be consumed by seabirds, with approximately 7.9% sinking 
over a wide area over a period of 24 hours. The chemical and biological effects of this latter group 
would be very diffuse and much less (e.g. in terms of chemical concentrations, effects on dissolved 
oxygen levels and in terms of organic enrichment of the seabed) than those due to the larger group 
that sank immediately after discharge. If the larger group caused no effect on water body status, 
then it was considered that the effects of the more diffuse group would be less and not merit 
further consideration. 
 
For the following assessment, the water quality monitoring data for Sizewell (BEEMS TR314) 
provides the background parameters against which the inputs estimated from SZC are considered. 
The SZB inputs are, therefore, included in this measured baseline.  
 
 

2.1 Calculated effects of decaying moribund biomass from the FRR on DIN/DIP and 
phytoplankton growth 

For the operation run abstraction mortality was accounted for. The Fish Return and Recovery 
system (FRR) aims to discharge fish live to the receiving waters. However, clupeids such as sprat 
and herring are highly sensitive to mechanical damage during passage through the cooling water 
system and incur high mortality rates (assumed to be 100%). The return of dead and moribund 
biota retains biomass within the system, but decay of organic material would release nutrients into 
the system. There is a strong seasonal bias to impingement numbers, and the return of dead 
biomass. The largest quantity of dead biomass is returned in January, February, and March, 
however during this period light is the limiting factor for phytoplankton growth. Dead biomass 
returned during the summer months, coinciding with periods of nutrient limitation, is much lower 
than in winter. However, as a highly precautionary measure the total biomass discharged per 
annum (without LVSE) was modelled in ES Appendix 22H with details shown in Appendix A1 
Table 4). For this report nutrient values are derived from biomass estimates based on rates of 
impingement at Sizewell B and extrapolated to account for abstraction volumes and also 
accounting for the impingement reductions expected from the SZC LVSE intakes. A conservative 
assumption was applied for an annual assessment whereby all of this mass of fish was assumed 
to be available as nitrogen and phosphorus sources (i.e. no predation was assumed) leading to an 
additional average daily loading of 34.06 kg per day of nitrogen without LVSE (based on Walker et. 
al., 2011) and 4.87 kg of phosphorus without LVSE (based on Gende et. al., 2004) per day 
(Appendix B2, Table 11), in addition to inputs from the discharge due to sewage and conditioning 
chemicals (Appendix A, Table 4). 
 
The discharge of nutrients during the SZC construction phase is primarily into the Sizewell Bay 
area inside of the Bank, as it is mostly via the combined drainage outfall (CDO). However, it is 
possible that there will be discharge of some nutrients via the main cooling water outfalls during 
functional testing. As the suspended sediment is less in offshore surface waters, i.e. where there is 
a better light regime, a worst-case scenario has been assumed that all these nutrients are 
discharged offshore. As it is likely there will be periods of SZB outage during the construction of 
SZC the increased mortality due to SZB has been ignored, so that these results will slightly over 
predict the role of the increased nutrients (i.e. a conservative assumption).  
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The FRR discharge is predicted to release dissolved inorganic nitrogen (DIN) into Sizewell Bay. 
Under the WFD standards, the Suffolk Coastal water body has ‘Moderate’ status for DIN. 
Discharges from an operational SZC (Appendix A, Table 4 and Appendix B2 Table 11) would 
result in a very small elevation in DIN in the receiving water body representing <0.4% of the mass 
making up the daily volume exchange for Sizewell Bay (with around 52% of this from the FRR).  
The daily phosphate input from the FRR and operational discharge would represent ca. 0.11% of 
the mass of phosphate making up the daily exchange for Sizewell Bay (with most ca. 87% of this 
from the FRR).   
 
This mean level of input for both DIN and DIP from combined operational and FRR inputs has 
been assessed using the CPM model to predict the effect of Sizewell C on phytoplankton 
community biomass (ES Appendix 22H). This model simulates the dynamics of phytoplankton 
biomass using data on known environmental drivers such as nutrients and light. The source values 
used in Appendix 22H were based on impingement calculation for FRR only and were about 5-8% 
higher than the equivalent values derived in this report. 

During construction, the exact mass of the discharges has considerable variation, depending on 
which activity is occurring and varies considerably with the workforce on site. The details of this 
variation are described in ES Appendix 21F, where worst cases have been used and reproduced 
in Appendix A Table 4. 

During operation, the maximum number of people on site occurs when there are refuelling 
outages, during this time nitrate and phosphate loads are increased above background 
concentrations and these contributions are represented by the peak 24 hour loading during 
operation. The refuelling outages typically last four to six weeks but can occur at any time of year. 
During the winter period light is limiting and there is no effect resulting from the additional supply of 
nutrients. It is only in summer that the discharge needs to be considered.  

Typically, in offshore waters of the UK nutrient concentrations are reduced to very low levels due to 
phytoplankton uptake, but in the near shore coastal waters (3-5 km from the coast) off Sizewell 
due to the turbid nature of the coastal environment and continual freshwater input from the south of 
the area (River Orwell and River Deben) there are background summertime inputs of nutrients. 
Observations (ES Appendix 21C) show these to be around 10 µMol l-3 for nitrate and 0.65 µMol l-3 
for phosphate. As the daily exchange of water is around 10%, the total additional mass of nitrate 
per day in summer is the volume x 10% x concentration, this gives a daily exchange of 16.9 tons of 
nitrate and 2.4 tons of phosphate.  

Based on the assessment in ES Appendix 22H during construction (Appendix A Table 4) all daily 
inputs are ≤1.1% of the normal daily exchange of nutrients at the boundary and therefore would be 
indistinguishable from the modelled situation without the SZC discharges. During the operational 
phase, peak daily loading for nitrogen does reach 1.9% of the daily exchange but it is expected 
that this peak value is for short periods only. The more realistic average daily value of N (including 
FRR discharges) is low at 0.4% of the daily exchange (69.3/16900). For phosphate, the maximum 
daily value can be 5% of the daily exchange, however phosphate is not a limiting nutrient and 
therefore the addition of more phosphate does not produce more growth. In addition, over a whole 
year the phosphate contribution (including FRR) is very small at less than 0.25%.  

In ES Appendix 22H to provide greater reassurance, model runs were conducted to assess the 
influence on phytoplankton growth of representative inputs of nutrients (i.e., total annual loadings) 
from the power station during operation and during construction including commissioning inputs. 
Model runs reported in ES Appendix 22H did not include mitigation by the LVSE and were set at 
operational levels including the FRR of 69.3 kg/day for nitrogen and 6.04 kg of phosphorus. These 
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values are therefore conservative and would exceed the 95th percentile FRR with LVSE and 
combined operational loadings for nitrogen and phosphorus. 

Using the CPM operational inputs have a slightly higher influence on phytoplankton production but 
for both construction and operation there is less than a negligible 0.3% increase in annual gross 
production of carbon. 

The potential for nutrient additions to enhance opportunistic macroalgae in the Blyth or the more 
distant Alde Orr Estuary has been raised. Direct links between nutrient loading and macroalgal 
growth have been established but evidence supporting direct causal linkages between effluent 
discharges and the macroalgae community structure is limited (Wells et al., 2010). Prolific 
macroalgal growth during periods of high nutrients is dependent on other factors such as the 
position on the littoral zone, tidal action, light availability, and seasonal temperature (Wells et al., 
2010).  During the construction and operational phases of the proposed development, additional 
nutrients would be added to the system. However, nutrient additions represent a very small fraction 
of the daily exchange with wider sea areas (Appendix A Table 4) and modelling (without LVSE 
mitigation) has demonstrated no negligible enhancement of phytoplankton growth above present 
background. The point source is located a considerable distance from the estuaries, over 10km 
from the mouth of the Blyth and 23km from the mouth of the Alde-Orr estuary at Shingle Street. 
Furthermore, the inshore estuaries and tidal areas of Eastern England, monitored for opportunistic 
macroalgal as part of the WFD, do not appear to exhibit excessive growth (Painting et al., 2017). 
As such, no discernible effects on opportunistic algae because of nutrient discharges from the 
proposed development are anticipated.   

Considering the influence of thermal uplift due to Sizewell C upon phytoplankton growth in 
combination to nutrient inputs a value of 0.5 °C has been used as representative of the whole 
GSB, along with a 1°C value for comparative purposes (ES Appendix 22H). 

Whilst phytoplankton growth is mostly unchanged by thermal uplifts, increased zooplankton activity 
and grazing on phytoplankton occurs. The overall result is a small decrease in simulated 
chlorophyll concentration and total phytoplankton production.   

The assessments described for nutrient inputs for the combined operational and FRR are covered 
in more detail in ES Appendix 22H however this assessment does not account for biomass 
reductions with the LVSE included and is precautionary. 
 
In terms of the most recent Marine Strategy eutrophication assessment, the elevated BOD and 
ammonia have very localised influence and would not change the current Marine strategy status as 
“non problem” for the Greater North Sea. The most recent eutrophication assessment published in 
2019 (https://moat.cefas.co.uk/pressures-from-human-activities/eutrophication/) by Defra. The UK 
National Report 2016 (Painting et al., 2017), showed that only a small number of eutrophication 
problems remain in coastal and estuarine waters, representing 0.03% of the total UK Exclusive 
Economic Zone, and 0.41% of estuarine and coastal waters. The closest “problem area” to SZC 
according to this assessment is Chichester Harbour. Currently, there are no major outstanding 
issues for eutrophication in the UK as a whole and the inputs indicated for this assessment would 
make a negligible contribution to the overall loading for the Southern North Sea area. 

2.2 Calculated effects of decaying moribund biomass from the FRR on dissolved oxygen 
levels 

The decaying fish biomass has the potential to contribute to the biological oxygen demand (BOD). 
An estimated 3.5 g of oxygen is required for complete oxidation of one gram of dry mass and this 
value is derived based on a study of particulate organic matter from fish cages (Stigbrandt, 2001) 
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(see Appendix B1 and B2). This source-term for oxygen demand is used to derive an estimate of 
the BOD contribution from the daily biomass. The source BOD value is used to derive an estimate 
of the BOD contribution from the period of highest biomass inputs, Quarter 1 (Based on 95th 
percentile biomass, 1187.47 kg with LVSE in place and 3326.24 kg without LVSE, Appendix B2, 
BOD section).  
 
Any area that exceeds 1.5 mg l-1 deviation in BOD from background is expected to generate less 
than 0.5 mg l-1 impact/reduction on dissolved oxygen (OSPAR, 1997). Therefore, dividing the BOD 
loading by 1.5 and multiplying by 0.5 produces an estimate of the total oxygen reduction potential 
due to the BOD input which is 498.74 kg/day with LVSE (Appendix B2 BOD section). Without 
LVSE the oxygen reduction potential would be 1397.02 kg/day. 
 
Based on a background concentration of 6.96 mg/l dissolved oxygen the calculated O2 demand 
requirement (498.74 kg with LVSE) is equivalent to oxygen available in 71,658 m3. This volume 
represents 0.20% of the daily exchange for GSB (with no LVSE this value increases to 0.55% of 
the daily exchange). 
  
Reaeration at the sea surface would also replenish oxygen levels. Typical values of oxygen flux 
are 100mmol m-2d-1 (Hull, 2016) or 3.2 gm-2 d-1 therefore daily reaeration across 15.59 ha with LVSE 
(43.66 ha with no LVSE in place, Appendix B2, BOD section) would be expected to compensate 
for the estimated daily oxygen consumption by decaying fish biomass.  
 
In practice both aeration and tidal exchange in combination would replenish dissolved oxygen.  
 
As increasing temperature would reduce the capacity for seawater to carry oxygen the heated 
discharge from Sizewell C would reduce the potential oxygen levels in Sizewell Bay, so this 
extreme condition is considered for Quarter 1 when maximum biomass discharge occurs.  
Considering this scenario of temperature elevation during the maximum biomass discharge in Q1 
(as a 95th percentile) the calculated oxygen reduction due to biomass degradation is considered 
relative to a 1.77 mgl-1 reduction to the background oxygen level under thermal influence (from 
5.77 mg l-1 to 4 mg/l-1) and this would result in the affected area moving from Good to Moderate 
status. The theoretical area that would be affected based on the maximum biomass discharge and 
under a thermal uplift of 2°C in Q1 with LVSE fitted is calculated as 7.04 ha and would be defined 
by a tidal ellipse of 727.44 x 123.30 metres (Appendix B2, BOD section).  
 
This assessment makes worst case assumptions of instantaneous breakdown of all available 
biomass and no losses through predation. Reduction of oxygen concentration will only occur if the 
rate of oxygen use due to BOD is greater than daily exchange of Sizewell Bay and the oxygen 
transfer across the water surface. The waters off Sizewell are well mixed vertically facilitating 
reaeration at the surface. The additional BOD loading from the FRR discharge is very small 
compared to the natural background level. This level of change would not influence the current 
dissolved oxygen status of the Suffolk Coastal water body and represents 0.05% of the WFD water 
body area. Without LVSE this latter assessment including a 2°C temperature uplift increases the 
area affected to 19.73 ha or 0.13% of the Suffolk Coastal water body area. 
 
This is a worst-case assessment as it assumes no predation and no remobilisation of partially 
decayed fish. In practice both effects will take place reducing the predicted area of influence on 
dissolved oxygen levels. 
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2.3 Calculated effect of decaying moribund biomass from the FRR on un-ionised 
ammonia 

Decaying biomass will result in local increases in un-ionised ammonia. Studies on cod tissue show 
ammonia contribution of 125 mg kg-1 NH4-N (Timm and Jorgensen, 2002) (see Appendix B2, un-
ionised ammonia section). This value is used as a proxy in the un-ionised ammonia calculator 
(Clegg and Whitfield, 1995), along with relevant site background conditions for pH, temperature, 
and salinity, to indicate the potential un-ionised ammonia contribution from decaying biomass in 
Sizewell Bay. Based on the daily 95th percentile biomass of fish discharged during Quarter 1 with 
LVSE in place (and mean pH, and salinity and mean temperature for this period) the estimated 
NH3 loading could be at or above the EQS (NH3-N, 21 µg l-1) in a volume of 143,000 litres of 
seawater or an area equivalent to 0.004 ha (0.010 ha without LVSE).  This is a conservative 
assessment accounting for the highest potential biomass discharge from the FRR.   
 
Temperature elevation of 2°C that might occur around the FRR due to the added thermal influence 
of Sizewell C will elevate the proportion of un-ionised ammonia relative to the influence of natural 
background temperatures alone (which take account of Sizewell B inputs). Taking account of 
conditions that would maximise the un-ionised ammonia concentration a 2°C elevation above Q1 
natural background temperature at Sizewell, a lower salinity 31.7 (5th percentile) and high pH 8.23 
(95th percentile) the volume of seawater affected by elevated un-ionised ammonia would increase 
to 253,000 litres (an area equivalent to 0.006 ha). Without an LVSE in place this latter value would 
increase to 0.018 ha. This most extreme scenario may be representative for thermal uplift and for 
reduced salinity due to potential higher freshwater inputs during winter however pH values during 
winter are likely to be much lower due to limited primary production at this time of year so it is a 
very conservative assessment. 
 
This is a worst-case assessment as it assumes no predation and no remobilisation of partially 
decayed fish. In practice both effects will take place further reducing the predicted area above the 
EQS. 

2.4 Calculated effect of decaying moribund biomass from the FRR on organic carbon 
deposition  

The peak biomass of moribund fish discharged from the FRR, 1187.47 kg/day (95th percentile 
value with LVSE in place), for Quarter 1 would contribute an estimated input of ca. 370.49 kg 
organic carbon (see Appendix B2, organic enrichment section). Settlement of moribund biomass 
could result in smothering of the seabed and organic enrichment contributing to deoxygenation in 
the sediments and disturbance on sediment geochemistry.  These changes can subsequently lead 
to decreasing numbers of sediment dwelling species, individuals, and biomass.  
 
There are no regulatory standards for assessing organic smothering of benthic organisms.  In the 
absence of established standards, applied thresholds based on a ‘weight of evidence approach’ 
and pressure benchmarks proposed in Marine Evidence-based Sensitivity Assessments (MarESA) 
(Tyler-Walters et al 2018) have been used in the assessment of potential effects. Pressure 
benchmarks provide a basis for assessing the sensitivity of a given receptor to the site-specific 
impacts relative to recognised standards. For organic carbon deposition the appropriate 
benchmark is defined as 100g organic carbon/m2/year. Exceedance of this benchmark threshold 
would trigger further ecological investigation and does not necessarily infer sensitivity of all 
receptor groups.  
 
An equivalent daily benchmark would be 0.3 g organic carbon/m2/day. During the winter (Quarter 
1) the highest numbers of fish are discharged from the FRR and adopting the Q1 peak value of 
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associated carbon as a 95th percentile this would contribute to an organic carbon loading at the 
benchmark standard level over an area of 1.35 km2 (3.79 km2 with no LVSE). Based on annual 
biomass inputs the area at the benchmark value would be equivalent to 0.61 km2 (1.71 km2 with no 
LVSE). The annual biomass loading input (considered as a 95th percentile) results in an equivalent 
area of elevation of background organic carbon loading with no LVSE in place of 1.16% of the 
Suffolk Coastal water body and is not expected to alter overall water body status. This latter value 
is ca., 0.42% of the Suffolk Coastal water body area when taking account of the LVSE reductions. 
 
Using the plume shape factors described in BEEMS TR306, with LVSE in place the total length of 
the worst case organic enrichment footprint in Quarter 1 above the pressure benchmark would be 
approximately 5.9 times the width i.e. the equivalent tidal ellipse with LVSE in place as a Q1 95th 
percentile would have a total length of approximately 3187.25 m and a total width of 540.21 m. 
With no LVSE the average biomass loading for Q1 as a 95th percentile would be increased with 
equivalent ellipse of total length 5334.35 m and width 904.13 m. However, from April through to 
December in quarters 2 to 4 the mean daily biomass is considerably reduced and leads to a lower 
mean annual loading of organic carbon for which the equivalent tidal ellipse would be of 
approximate total length 2138.94 m and of total width 362.53 m (with LVSE). 
 
This is a worst-case assessment as it assumes no predation and no remobilisation of partially 
decayed fish. In practice both effects will take place reducing the predicted area above the 
benchmark level. 
 

3 Fish Recovery and Return System assessment of 
potential overlap of FRR discharge on habitats 

Figure 4 and Table 2 show the EUNIS habitats in the vicinity of the Sizewell C FRR discharge 
outfall. The decay of dead fish discharged from the FRR may affect surrounding habitat due to the 
un-ionised ammonia released, the resulting deoxygenation or the enrichment and smothering 
effect of the organic matter. Based on the likely plume shape dimensions an ellipse representing 
the area over which a given parameter has an affect is derived. For un-ionised ammonia, this 
plume area is evaluated relative the EQS of 21µgl-1. For dissolved oxygen, the oxygen demand of 
the organic matter is calculated and the equivalent area over which this demand would reduce 
oxygen status from the current Good background to a Moderate status level was calculated. The 
area effected by discharged organic matter was calculated relative to the benchmark loading value 
(section 2.4) and this latter area is shown on Figure 4.  The largest areas are likely to be affected 
by organic enrichment, so this is the parameter considered in the following tests however all 
parameters are considered in the discussion for higher and lower sensitivity habitats. 
 
The tests for inclusion of habitats in a WFD assessment are if the footprint of FRR discharge is any 
of the following: 

i. 0.5 km² or larger 
ii. 1% or more of the water body’s area 
iii. within 500 m of any higher sensitivity habitat 
iv. 1% or more of any lower sensitivity habitat 
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3.1 Applying the habitats tests 

i. The effect footprint (organic enrichment of seabed sediments) for the Q1 as a 95th 
percentile is 1.35 km2 with LVSE included in the assessment (Appendix B2), i.e. >0.5 km². 
The effect footprint increases to 3.79 km2 if LVSE is not included in the assessment 
(Appendix B2). 
 

ii. 1% of the water body area (Suffolk Coastal water body, 14653.27 ha, derived directly from 
the WFD GIS data Defra, 2017) is 1.46 km2. The largest effect footprint for the Q1 95th 
percentile organic matter is 1.35 km2 with LVSE included in the assessment and this 
represents 0.92% of the Suffolk Coastal WFD water body (details Appendix B2, organic 
enrichment section). The effect footprint for organic matter would increase if LVSE is not 
included in the assessment (Appendix B2). 
 

Table 2 EUNIS Level 4 habitat total area information for Greater Sizewell Bay of relevance to FRR discharge 

EUNIS* code Description Area (ha) Area in WFD 
(ha) 

A4.22 Sabellaria reefs on circalittoral rock 402.88 340.17 

A5.13  
Infralittoral coarse sediment 677.55 629.99 

A5.23/A5.26 
(transitional habitat) 

Infralittoral fine sand/ 
Circalittoral muddy sand 1490.57 392.48 

A5.23 Infralittoral fine sand 2,208.9 1362.05 

A5.26  
Circalittoral muddy sand 249.02 0.00 

A5.33/A5.26 
(transitional habitat) 

 
Circalittoral muddy sand/ 
Infralittoral sandy mud 3428.17 1627.40 

A5.43 Infralittoral mixed sediments 73.41 59.88 
Engineering 
Feature** Engineering Feature** 1.11 1.11 

 TOTAL 8531.61 4413.07 
*The EUNIS classification covers the local and sub regional area around Sizewell. The extent of the area is 
only limited by the extent covered by three acoustic surveys, see BEEMS Technical Report TR087. 

** Sandbank feature has been factored out, 851.459 ha in full data and 346.6812 ha within WFD. The 
sandbank feature (8m contour Sizewell Dunwich bank) overlaps the EUNIS areas and therefore if left in the 
area (ha) would be double counted. 

iii. Distance from higher sensitivity habitats 

With LVSE included in the assessment, the effect footprint (organic enrichment) for Q1 as a 95th 
percentile would not overlap coralline crag and associated polychaete (Sabellaria spinulosa) reef 
habitat and would be at a minimum distance of 666.24 metres from the nearest point of this feature 
(A4.22 in Figure 4). The effect footprint would abut and not overlap this feature in the unlikely 
scenario that LVSE is not used. 
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Figure 4. The hatched ellipse shows the organic enrichment footprint of the FRR discharge for the Q1 mean 
organic carbon with LVSE included. The colour shaded areas correspond to different EUNIS Level 4 habitats 
with EUNIS codes shown in the legend and in more detail in Table 2. 
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iv. Lower sensitivity habitats 

Of the EUNIS habitats within Sizewell Bay (Table 2), the 95th percentile organic matter deposition 
from FRR discharges during Quarter 1 would overlap ‘Infralittoral fine sand’ (A5.23) with LVSE in 
place. The area of overlap of the effect footprint with these habitats within the WFD water body is > 
1% (9.88%, Table 3). In the unlikely scenario that LVSE is not used, two additional lower 
sensitivity habitats would be overlapped by the organic enrichment footprint: ‘Infralittoral coarse 
sediment’ (A5.13), and a transitional habitat between A5.23 and A5.26 Infralittoral fine 
sand/Circalittoral muddy sand (Table 2). However, the effect footprint would extend over <1% 
(0.01%) of the latter transitional A5.23/A5.26 habitat within the Sizewell Bay. 

Table 3 Areas of intersection of FRR effect footprint for the March maximum with LVSE included in terms of 
organic matter enrichment and lower sensitivity EUNIS habitats in Sizewell Bay.  

EUNIS Habitat 
codes 

Area in 
Sizewell Bay 
(ha) 

Area in WFD (ha) 
FRR effect 
footprint area 
of intersection 
(ha) 

Percentage 
Total 

Percentage  
WFD  

A5.23  2208.90 1362.05 134.60 6.09 9.88 

3.2 Habitat assessment 

A habitat assessment is required based on the results of tests i, ii and iv (and test iii if no LVSE is 
used). The potential for benthic biota within Sizewell Bay to be affected by organic matter 
enrichment (food supply, smothering and deoxygenation of sediments) from FRR discharges is 
therefore assessed below.  

3.2.1 Higher sensitivity habitats 
Higher sensitivity habitats would not be affected by organic enrichment from the FRR in the 
expected scenario that LVSE is used, as polychaete (S. spinulosa) reef is not within 500 m of the 
effect footprint.  

Regardless of whether LVSE is used, polychaete reef habitat is not within 500 m of the area likely 
to be affected by elevated un-ionised ammonia concentration due to the decay of discharged 
biomass, which at a concentration of un-ionised ammonia EQS of 21µg l-1 would be equivalent to a 
small area of 0.004 ha for Quarter 1 for a 95th percentile biomass loading with LVSE when highest 
biomass discharge is predicted (0.010 ha without LVSE). This area predicted for Quarter 1 would 
increase marginally to 0.006 ha if thermal elevation of 2°C is accounted for (0.018 ha without 
LVSE). 

Based on background dissolved oxygen level of 6.96 mg l-1 the calculated oxygen reduction due to 
biomass degradation with LVSE in place is 0.20% of the tidal exchange for Sizewell Bay (0.55% 
without LVSE in place). Oxygenation would also be affected by reaeration at the sea surface (see 
section 2.2).  

Under thermal influence the dissolved oxygen concentration is predicted to decrease from a 
background of 6.96 mg l-1 to 5.77 mg l-1. A further reduction of this background oxygen 
concentration under thermal influence from 5.77 mg l-1 to 4 mg l-1 (a reduction of 1.77 mg l-1) would 
move it from Good to Moderate status. The theoretical area that could be affected by a reduction of 
1.77 mg l-1 based on the predicted oxygen demand of the 95th percentile biomass discharge in 
Quarter 1 would be equivalent to an area of 7.04 ha. If this area is derived as a discharge ellipse 
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around the FRR it would have a total length 727.44 m and total width 123.3 m. This ellipse footprint 
for dissolved oxygen would be >1600 metres from the higher sensitivity habitat polychaete reef. 

These assessments are conservative based upon two implausible assumptions:  

1. no predation of dead fish either by other fish or benthic organisms; and  

2. no remobilisation of partially decayed fish.  

In practice, there is likely to be substantial predation, and the worst-case discharge month of 
March is in the period of high storm intensity and wave energy which will produce high rates of 
remobilisation and subsequent tidal dispersal of decaying matter. Moreover, S. spinulosa is not 
considered vulnerable to organic enrichment as reefs generally develop in areas of high-water 
movement where material would tend to disperse rather than settle out (Gibb et al., 2014). The 
presence of S. spinulosa adjacent to a sewage sludge dumping site also suggests that this feature 
is tolerant to high levels of organic enrichment (Walker and Rees, 1980).  

As the effect footprint would not overlap polychaete (S. spinulosa) reef habitat with LVSE in place, 
and S. spinulosa appears to be resistant to organic enrichment, discharges of organic matter from 
the FRR are not expected to have a significant effect on WFD higher sensitivity habitats. 

3.2.2 Lower sensitivity habitats 
The subtidal surveys suggest there is one overall infaunal and epifaunal community spanning most 
of Sizewell Bay (BEEMS Technical Report TR348), meaning that benthic invertebrate species 
have a largely ubiquitous distribution across habitats. The response of the benthos to organic 
enrichment is, therefore, unlikely to differ depending on which lower sensitivity habitats are 
affected (i.e. the size of the footprint whether LVSE is included, Table 3 and Appendix B.3).  

There is negligible overlap of lower sensitivity habitat with a potential un-ionised ammonia plume 
(with LVSE in place) at a concentration of un-ionised ammonia equal to the EQS of 21µg l-1. Based 
on natural background physicochemical conditions a 95th percentile biomass discharge for Q1 with 
LVSE is calculated to produce un-ionised ammonia levels that would be equivalent to a small area 
of 0.004 ha (0.010 ha without LVSE). This area predicted for Q1 would increase marginally to 
0.006 ha if thermal elevation of 2°C is accounted for (0.018 ha without LVSE). 

As described for higher sensitivity habitats, the theoretical area that would be affected by a 
dissolved oxygen reduction equivalent to a reduction from Good to Moderate status is calculated 
as 7.04 ha (with LVSE) and would represent 0.05% of this habitat in the Suffolk water body, but the 
habitats concerned are considered not sensitive to this change. 

The effects of biomass discharges contributing to organic matter deposition on lower sensitivity 
habitats, which are overlapped by the effect footprint by up to 9.88% of their area within the Suffolk 
water body, could also occur through increases in food supply. Scavengers, predators, and surface 
deposit feeders are most likely to respond to this change to the environment. Few benthic 
invertebrates within Sizewell Bay obtain their nutrition from scavenging, with <5% of infaunal and 
epifaunal individuals exhibiting this feeding mode (BEEMS Technical Report TR348). However, 
most epifaunal individuals are predators and ca., 40% of infaunal individuals are surface deposit 
feeders (BEEMS Technical Report TR348). Therefore, a substantial component of both infaunal 
and epifaunal communities could benefit from organic matter input.   

Population densities of scavengers, predators and surface deposit feeders may increase within the 
effect footprint (1.35 km2 for the likely LVSE scenario) due to the increased food supply. This is 
supported by experimental evidence from UK waters relating to whelks, crabs, amphipods, 
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shrimps, and echinoderms (Ramsay et al. 1997; Groenewold and Fonds 2000). While this can be 
considered a positive response, the amount of change would be small at the scale of Sizewell Bay. 

As negative effects due to ammonia and deoxygenation are limited, while any positive effects of 
increased food supply are likely to be localised, discharges of organic matter from the FRR are not 
expected to have a significant effect on WFD lower sensitivity habitats. 

4 Discussion 

The results of the assessment of the influence of the HPC FRR inputs in combination with cooling 
water discharges from HPB and HPC are as follows: 

Water quality effects 

1. Discharges from Sizewell C with an FRR fitted (Appendix A, Table 4) would result in a 
very small elevation in DIN in the receiving water body representing ca., 0.4% of the mass 
present in the daily tidal exchange for Sizewell Bay (with ca. 52% of this from the FRR). For 
dissolved inorganic phosphorus (DIP) combined inputs from operation and the FRR would 
result in a very small elevation in DIP in the receiving water body representing ca., 0.23% 
of the mass present in the daily tidal exchange for Sizewell Bay (with most, 87% of this 
from the FRR). This level of input for both DIN and DIP is negligible and would not change 
the current nutrient status of the Suffolk Coastal water body or have significant influence of 
the Marine Strategy area Greater North Sea. 

2. The decaying biomass of moribund fish from the FRR would have negligible impact on the 
oxygen levels for the Suffolk Coastal water body with the predicted demand being 
equivalent to an area of 0.07 km2 (with LVSE in place, Appendix B2, BOD section) that 
would be subject to a change from Good to Moderate status for dissolved oxygen including 
the influence of a 2°C thermal uplift. 

3. Based on the daily average biomass of fish discharged during Q1 with LVSE (and relevant 
pH, salinity, and temperature) the estimated NH3 loading is equivalent to a relatively small 
volume of water at the EQS concentration (NH3-N, 21 µg/l) of ca. 143,000 litres around the 
FRR (Appendix B2, un-ionised ammonia section). As the ammonia is produced from 
decaying organic matter it is likely to be rapidly mixed and dispersed by tidal currents so 
that negligible areas are affected by un-ionised ammonia levels at or above the EQS. 
Hypothetically if mixed evenly through the full depth of the water column (4m) the volume of 
seawater at the EQS would affect a very small area of ca. 0.004 ha. Accounting for a 
temperature elevation of 2°C that might occur around the FRR (with LVSE) due to the 
influence of cooling water discharge, the volume affected by elevated un-ionised ammonia 
would increase to 253,000 litres. Hypothetically if mixed evenly through the full depth of the 
water column (4 m) the volume of seawater at the EQS would affect a slightly larger area of 
ca. 006 ha. 

4. For organic carbon deposition a benchmark is defined as 100 g organic carbon/m2/year 
(Appendix B2, organic enrichment section). An equivalent daily value would be 0.3 g 
organic carbon/m2/day. During the winter (Q1) the highest numbers of fish are discharged 
from the FRR and adopting the 95th percentile (with LVSE) of associated carbon this would 
contribute to an organic carbon loading at the benchmark standard level over an area of 
1.35 km2. 
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These assessments are considered conservative as they assume instantaneous breakdown of 
biomass discharged from the FRR, no predation from benthic organisms and no redistribution of 
decaying material by tidal or wave action. In practice all these effects will occur and the predicted 
areas of effect on water quality status will be further reduced. 

Ecological effects 

1. Phytoplankton production levels within the Sizewell Bay and the small overlapping area of 
the Suffolk Coastal water body would not increase due to the added nutrients from the 
FRR. 

2. The discharge of the FRR with LVSE is not within 500 m of higher sensitivity habitat 
polychaete reef and there is no organic carbon deposition overlap with the Sabellaria 
sublittoral reef habitat area for Sizewell. The much smaller potential effect footprints for 
dissolved oxygen reduction or elevated un-ionised ammonia are also very unlikely to have 
any effect on this habitat. The area potentially affected by the discharge footprints is based 
on a most conservative assessment and considers the 95th percentile biomass discharge 
and assumes no predation of dead fish. 

3. Sabellaria reef habitat is in any case not considered a sensitive receptor for the additional 
organic carbon input as they are typically associated with dispersive conditions that would 
reduce settlement of material and evidence suggests ability to adapt to organically enriched 
conditions. 

4. The FRR discharge would overlap with lower sensitivity infralittoral fine sand habitat 
(A5.23). The potential impact footprint for elevated un-ionised ammonia is negligible. For 
reduced dissolved oxygen the influence of the plume may extend over 7.04 ha of low 
sensitivity habitat and this represents a maximum of 0.05% of the area of habitat concerned 
within the Suffolk Coastal water body. The low sensitivity habitats are not assessed as 
sensitive to the low level of reduced dissolved oxygen. 

5. The organic carbon deposition has a larger footprint of potential area affected and this 
could overlap with an area of 9.88% infralittoral fine sand. 

6. Benthic invertebrate species have a largely ubiquitous distribution across habitats in 
Sizewell Bay. An assessment of the core species indicates that many are tolerant of 
smothering and deoxygenation and a substantial component of both infaunal and epifaunal 
communities could benefit from organic matter input. 

7. Overall, discharges from the FRR are likely to have neutral to localised minor effects on 
core species of Sizewell Bay. Population densities of scavengers, predators and surface 
deposit feeders may increase within the effect footprint (1.35 km2 for the likely LVSE 
scenario) due to the increased food supply. While this can be considered a positive 
response, the amount of change would be small at the scale of Sizewell Bay. 

4.1 Conclusion 

The predicted changes in water quality, to inorganic enrichment of benthic habitat and to 
phytoplankton production in Sizewell Bay and the adjacent Suffolk Coastal water body due the 
FRR discharges are negligible and would cause no deterioration to water body status. The overlap 
of predicted areas of potential effect for dissolved oxygen and un-ionised ammonia are negligible.  
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There is no overlap of the organic carbon footprint with sensitive Sabellaria reef habitat with or 
without the LVSE intakes fitted. The sensitivity of Sabellaria to the influence of elevated organic 
carbon loading is considered to be low.  

Insignificant areas of low sensitivity habitat would be affected by reduced dissolved oxygen or 
elevated un-ionised ammonia although small areas ca. 10% of one habitat within the Suffolk water 
body is also affected by elevated organic carbon loading. However, the core species either are 
tolerant of smothering and or have short life histories and can rapidly recolonise new areas of 
habitat and as the assessments are conservative (not accounting for predation or initial dispersal 
of discharged biomass or the turbulent mixing within the water column the effects are minor and 
localised. No deterioration is therefore concluded for adjoining water bodies both upstream and 
downstream of the discharge.  

In terms of the most recent Marine Strategy eutrophication assessment, the elevated BOD and 
ammonia have very localised influence and would not change the current MSFD status as “non 
problem” for the Southern North Sea coastal area. The most recent eutrophication assessment 
published in 2019 (https://moat.cefas.co.uk/pressures-from-human-activities/eutrophication/) by 
Defra. The UK National Report 2016 (Painting et al., 2017), showed that only a small number of 
eutrophication problems remain in coastal and estuarine waters, representing 0.03% of the total 
UK Exclusive Economic Zone, and 0.41% of estuarine and coastal waters. The closest “problem 
area” to SZC according to this assessment is Chichester Harbour. Currently, there are no major 
outstanding issues for eutrophication in the UK as a whole and the inputs indicated for this 
assessment would make a negligible contribution to the overall loading for the Southern North Sea 
area. 
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Appendix A Nutrient chemicals potentially present in 
discharges during Hinkley Point C operation 

A.1 Dissolved inorganic nitrogen and phosphorus inputs during operation 

Source nutrient data for the operational discharge from the Sizewell C development including the 
FRR but no LVSE is based on information provided in EDF, 2014 and is summarised in Table 4. 
These loadings were assessed in the Combined Phytoplankton Macroalgal model as reported in 
ES Appendix 22H. These loadings have been updated. With LVSE intakes fitted the loadings 
would be just over one third of those without LVSE. 

Table 4 Loading data used in ES Appendix 22H BEEMS TR385 showing summary of phosphate and 
nitrogen discharge loading during operational phase and including the FRR inputs based on annual average 
loadings without LVSE and expressed as a percentage relative to the daily exchange with the wider 
environment.  

Substance  Daily loading 
during operation 
kg (annual 
loading kg) plus 
including FRR 
discharge 

Peak 24 
hr load 
during 
operation 
kg d-1 

Peak loading in 
construction (2 
EPR units + 
sewage) per 
day kg. 

Daily 
exchange 
with wider 
environment, 
kg 

% of daily 
loading in 
operation 

% max 
possible daily 
loading in 
operation  

Fraction of 
maximum 
possible 
daily 
loading in 
construction 

Nitrogen (as N) 

Including FRR 

32 (11725)  

69.3 (25291)3 

3321 17.32  16900 (as N) 0.2% 

    0.4% 

1.9% 

 

0.1% 

Phosphates as P 

Including FRR 

0.71 (257) 

6.04 (2205)4 

1151 28.22 2440  0.03%  

   0.25% 

5% 

 
1.1% 

1 Extracted from ES Appendix 21F, BEEMS TR193 (operational loadings as N and PO4 loading converted to P). 2 The nitrogen and Phosphate as P load 

values are derived from groundwater, sewage and EPR commissioning inputs as described in ES Appendix 21F BEEMS TR193 section on ‘Assessment of 

construction discharge’. 3. Based on the predicted mean annual biomass loading in this report without LVSE the total nitrogen would be (34.06 + 32) 66.06 

kg (0.39% of the daily exchange) and phosphorus would be (4.87 + 0.71) 5.58 kg (0.23% of daily exchange). With LVSE total nitrogen would be (12.16 +33 

kg) 45.16 kg (0.3% of exchange) and phosphorus would be (1.74 +0.71) 2.45 kg (0.1% of exchange).  
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Appendix B Calculation of moribund biomass from the FRR and potential 
contribution to nutrients,  

B.1 Calculation of moribund biomass of fish discharged from the Fish Recovery and Return system 

This section provides the supporting data and calculation used to derive the values for the FRR assessment. The values are the outputs of the 
modelling approach used to estimate impingement at SZB and are the same values that form the basis of the final impingement estimates. In 
TR339, only the final annual estimates for SZB are given. That assessment was based upon the estimated performance of the two 
impingement mitigation systems that are planned for SZC: 

a. Low Velocity Side Entry (LVSE) intakes 

b. An FRR System 

The estimated reductions in impingement mortality from these two systems were as detailed in BEEMS Technical Report TR406.  

After the Environment Agency made comments over aspects of the SZC impingement calculations in TR406, a thorough audit of the data and 
the raising factors was conducted, and the following changes were made: 

i. Invalid overflowed bulk samples were removed from the impingement record; 

ii. Some pump raising factors were corrected; and 

iii. Improved estimates of SZB cooling water flow were incorporated into the assessment 

These changes are detailed in BEEMS Scientific Position Paper SPP111. Results here for BOD, un-ionised ammonia and carbon calculation 
are based on biomass values derived from 95th percentile impingement weights for Q1 with LVSE which includes the period of highest biomass 
loading. This approach results in slightly lower biomass values compared to those reported in ES Appendix 21E and 21F  
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Mean daily estimated numbers impinged were modelled using data collected during onshore impingement sampling between 2009 and 2017 at 
SZB for the top 11 finfish species that make up 96.5% of fish numbers impinged annually (Table 5). Full details of the modelling approach are 
given in BEEMS Technical Report TR339 and in updates provided in SPP111. The mean estimated daily values for SZB were raised to 
predicted daily values for SZC (Table 6) on the ratio of the pumping capacities of the two stations (i.e. the SZB daily mean values were 
multiplied by (131.86/56.7 cumecs). Next, survival through the FRR was considered, as some of the more robust species will not all die during 
their passage through the cooling water systems (Table 7). The resulting numbers lost to impingement were converted to weight using the 
mean length of each species in the impingement samples and published length-weight relationships (Table 8, no LVSE in place). The size 
distributions used are shown in BEEMS Technical Report TR339. Predicted length distributions for these species are used to calculate a mean 
length for each, before converting to a mean weight for that mean length. Comparison of values in Table 8 and Table 9 show the reduction in 
the weight of fish impinged for each species without and with the LVSE fitted (LVSE factor 0.357 multiplier for values in Table 8 to derive 
reductions in Table 9). Table 10 shows the mean daily weight of fish impinged for Sizewell C based on annual estimates. 
 
Table 5 Sizewell B mean quarterly estimated number of fish impinged 

Species Q1 Mean Q1 L95 Q1 U95 Q2 Mean Q2 L95 Q2 U95 Q3 Mean Q3 L95 Q3 U95 Q4 Mean Q4 L95 Q4 U95 
Sprat 2283804 1474611 3195322 78572 62675 96893 75641 61932 91313 229671 140487 348556 
Herring 551437 360251 761094 133596 64305 218208 77425 50153 106413 201205 97690 342226 
Whiting 312399 241158 400421 76224 49452 105299 74028 51852 98458 179897 142264 222944 
Bass 216512 166201 270925 1027 577 1561 483 180 952 53349 29478 80438 
Sand 
gobies 

16276 12425 20452 3184 2167 4430 79090 35413 136845 104908 69218 169311 

Sole 13201 7724 19733 42618 33122 52546 23276 16513 30612 10839 8162 13601 
Dab 7 2 14 50334 16578 83370 12010 6958 17864 86 34 146 
Anchovy 17802 14193 22318 3003 1912 4274 17919 7378 29979 16036 13059 19381 
Thin-
lipped 
grey 
mullet 

33894 24387 43992 120 0 288 0 0 0 12627 3446 24459 

Flounder 5326 4145 6547 3856 2895 4914 2252 1748 2788 2271 1611 3069 
Cod 5328 3522 7423 481 259 736 130 61 213 1337 853 1869 
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Table 6 Sizewell C mean quarterly estimated number of fish impinged no mitigation 

Species Q1 Mean Q1 L95 Q1 U95 Q2 Mean Q2 L95 Q2 U95 Q3 Mean Q3 L95 Q3 U95 Q4 Mean Q4 L95 Q4 U95 
Sprat 5311152 3429316 7430955 182725 145756 225332 175908 144028 212356 534117 326712 810593 
Herring 1282408 837791 1769980 310687 149546 507459 180058 116633 247472 467916 227186 795872 
Whiting 726508 560831 931209 177265 115004 244880 172157 120585 228971 418364 330846 518472 
Bass 503515 386514 630055 2389 1342 3629 1124 419 2213 124067 68553 187065 
Sand 
gobies 

37850 28894 47562 7404 5040 10301 183930 82355 318243 243972 160971 393744 

Sole 30700 17962 45891 99112 77028 122199 54129 38402 71192 25207 18981 31629 
Dab 16 4 33 117056 38554 193882 27931 16182 41544 200 80 340 
Anchovy 41399 33007 51903 6985 4447 9940 41672 17158 69719 37294 30370 45072 
Thin-
lipped 
grey 
mullet 

78823 56713 102308 278 0 670 0 0 0 29365 8013 56882 

Flounder 12387 9638 15224 8967 6731 11429 5237 4066 6485 5281 3746 7137 
Cod 12391 8190 17263 1119 602 1713 303 143 495 3109 1984 4346 
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Table 7 Sizewell C mean quarterly estimated number of fish impinged taking account of species mortalities with FRR fitted 

Species Q1 Mean Q1 L95 Q1 U95 Q2 Mean Q2 L95 Q2 U95 Q3 Mean Q3 L95 Q3 U95 Q4 Mean Q4 L95 Q4 U95 
Sprat 5311152 3429316 7430955 182725 145756 225332 175908 144028 212356 534117 326712 810593 
Herring 1282408 837791 1769980 310687 149546 507459 180058 116633 247472 467916 227186 795872 
Whiting 412656 318552 528927 100686 65322 139092 97785 68493 130055 237631 187921 294492 
Bass 277218 212801 346887 1315 739 1998 619 231 1218 68307 37743 102992 
Sand 
gobies 

7797 5952 9798 1525 1038 2122 37889 16965 65558 50258 33160 81111 

Sole 6324 3700 9454 20417 15868 25173 11151 7911 14665 5193 3910 6516 
Dab 16 4 33 117056 38554 193882 27931 16182 41544 200 80 340 
Anchovy 22294 17775 27950 3761 2395 5353 22441 9240 37545 20083 16355 24272 
Thin-
lipped 
grey 
mullet 

43399 31225 56329 153 0 369 0 0 0 16168 4412 31319 

Flounder 2860 2226 3515 2071 1554 2639 1209 939 1497 1219 865 1648 
Cod 7461 4931 10394 674 362 1031 182 86 298 1872 1194 2617 
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Table 8 Sizewell C mean daily estimated weight (kg) of fish impinged with an FRR fitted 

Species 
mean 
weight  
at  
length 
(kg) 

Q1 Mean Q1 L95 Q1 U95 Q2 Mean Q2 L95 Q2 U95 Q3 Mean Q3 L95 Q3 U95 Q4 Mean Q4 L95 Q4 U95 

Sprat 0.009 548.732 354.306 767.743 18.879 15.059 23.281 18.174 14.880 21.940 55.183 33.755 83.748 
Herring 0.095 1329.03

7 
868.253 1834.338 321.984 154.98

3 
525.91
1 

186.60
5 

120.87
4 

256.47
0 

484.93
0 

235.44
7 

824.811 

Whiting 0.050 226.711 175.010 290.589 55.316 35.887 76.416 53.722 37.629 71.452 130.55
3 

103.24
2 

161.792 

Bass 0.095 288.991 221.838 361.619 1.371 0.770 2.083 0.645 0.240 1.270 71.208 39.346 107.365 
Sand 
gobies 

0.001 0.125 0.096 0.157 0.025 0.017 0.034 0.609 0.273 1.054 0.808 0.533 1.304 

Sole 0.015 1.015 0.594 1.517 3.277 2.547 4.040 1.790 1.270 2.354 0.833 0.628 1.046 
Dab 0.008 0.001 0.000 0.003 10.529 3.468 17.439 2.512 1.456 3.737 0.018 0.007 0.031 
Anchovy 0.018 4.470 3.564 5.605 0.754 0.480 1.073 4.500 1.853 7.529 4.027 3.279 4.867 
Thin-
lipped 
grey 
mullet 

0.041 19.328 13.907 25.087 0.068 0.000 0.164 0.000 0.000 0.000 7.201 1.965 13.948 

Flounder 0.066 2.082 1.620 2.559 1.507 1.132 1.921 0.880 0.683 1.090 0.888 0.630 1.200 
Cod 0.325 26.572 17.564 37.022 2.401 1.290 3.673 0.649 0.306 1.062 6.668 4.254 9.321 
Total 
daily 
biomass 
kg 

 

2447.07 1656.75 3326.24 416.11 215.63 656.04 270.09 179.47 367.96 762.32 423.09 1209.43 
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Table 9 Sizewell C mean daily estimated weight of fish impinged (kg) per quarter– including Low Velocity Side Entry head and with an FRR 
fitted (LVSE factor 0.357) 
 

Species Q1 Mean Q1 L95 Q1 U95 Q2 Mean Q2 L95 Q2 U95 Q3 Mean Q3 L95 Q3 U95 Q4 Mean Q4 L95 Q4 U95 
Sprat 195.897 126.487 274.084 6.740 5.376 8.311 6.488 5.312 7.833 19.700 12.050 29.898 
Herring 474.466 309.966 654.859 114.948 55.329 187.750 66.618 43.152 91.560 173.120 84.055 294.457 
Whiting 80.936 62.479 103.740 19.748 12.812 27.281 19.179 13.434 25.508 46.607 36.858 57.760 
Bass 103.170 79.196 129.098 0.489 0.275 0.744 0.230 0.086 0.453 25.421 14.046 38.329 
Sand 
gobies 

0.045 0.034 0.056 0.009 0.006 0.012 0.217 0.097 0.376 0.288 0.190 0.465 

Sole 0.362 0.212 0.542 1.170 0.909 1.442 0.639 0.453 0.840 0.298 0.224 0.373 
Dab 0.001 0.000 0.001 3.759 1.238 6.226 0.897 0.520 1.334 0.006 0.003 0.011 
Anchovy 1.596 1.272 2.001 0.269 0.171 0.383 1.606 0.661 2.688 1.438 1.171 1.738 
Thin-
lipped 
grey 
mullet 

6.900 4.965 8.956 0.024 0.000 0.059 0.000 0.000 0.000 2.571 0.701 4.979 

Flounder 0.743 0.578 0.914 0.538 0.404 0.686 0.314 0.244 0.389 0.317 0.225 0.428 
Cod 9.486 6.270 13.217 0.857 0.461 1.311 0.232 0.109 0.379 2.380 1.519 3.328 
Total daily 
biomass 
kg 

873.60 591.46 1187.471 148.55 76.98 234.20 96.42 64.07 131.36 272.15 151.04 431.77 

1Q1 95th percentile daily mean biomass value and this is used for calculation (1187.47 kg a day). 
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Table 10 Sizewell C mean daily weight of fish impinged (kg) based on annual estimates – with and without various mitigations (NM- no 
mitigation, FRR- mitigation, FRR+LVSE- mitigation. 

Species NM Mean NM U95 FRR Mean FRR U95 FRR+LVSE 
Mean 

FRR+LVSE U95 

Sprat 159.79 269.23 159.79 269.23 57.05 96.12 
Herring 580.51 867.56 580.51 867.56 207.24 309.72 
Whiting 204.85 273.13 116.35 155.14 41.54 55.38 
Bass 164.65 286.58 90.65 157.78 32.36 56.33 
Sand 
gobies 

1.91 3.66 0.39 0.75 0.14 0.27 

Sole 8.36 11.45 1.72 2.36 0.61 0.84 
Dab 3.29 7.97 3.29 7.97 1.17 2.84 
Anchovy 6.39 10.69 3.44 5.76 1.23 2.06 
Thin-lipped 
grey mullet 

12.17 23.42 6.70 12.89 2.39 4.60 

Flounder 5.80 7.67 1.34 1.77 0.48 0.63 
Cod 15.01 27.93 9.04 16.81 3.23 6.00 
Total daily 
biomass kg 

1162.73 1789.28 973.23 1498.03 347.44 534.80 
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B.2 Calculation of dead biomass discharged from the Sizewell C FRR system potential 
contribution to nutrient input, influence on dissolved oxygen, un-ionised ammonia, 
and organic enrichment 

The total biomass of moribund biota that potentially may be discharged from the FRR has been 
estimated based on the level of abstraction (pump rates) for the planned Sizewell C intakes and 
the information on seasonal distribution of species and length weight distribution of the species 
impinged at the existing Sizewell B (BEEMS TR339 and TR381). The derived Sizewell C data 
indicate that the highest biomass discharged occurs during the winter months of Quarter 1 and the 
95th percentile value for this period is used to provide a conservative assessment for the 
contribution of un-ionised ammonia and oxygen concentration reduction. For the assessment of 
additional nutrients from decaying biomass the mean annual daily biomass 347.44 kg per day (with 
LVSE in place,) as well as the more conservative 95th percentile daily biomass 534.80 kg per day 
(with LVSE, Table 11) is used to derive the estimates of tissue concentration for nitrogen and 
phosphorus from several studies. 
 
Table 11 Phosphorus and nitrogen concentration data for fish tissue derived from several studies 
and which is used in calculation of potential nutrient loadings released during decay of dead fish 
released from the FRR 

Nutrient g/kg 
Percentage 
(wet 
weight) 

Average Daily 
biomass (347.44 
kg) nutrient 
content (January -
December) 

95th Percentile 
Daily biomass 
(534.796 kg) 
nutrient content 
(January -
December) 

Literature 
Source 

P content 
3.74-
4.7 
(ww) 

0.47 (347.44 x 0.47)/100 
=1.63 kg (4.57)1 

(534.8 x 0.47)/100 
=2.51 kg (7.04)1 Storrebakken 

et al., 2000 

P content  0.45-0.5 1.74 kg (4.87)1 2.67 kg (7.49)1 Gende et. al., 
2004 

N content  3.2-3.5 12.16 kg (34.06)1 18.72 kg (52.43)1 Walker et. al., 
2011 

N content  3.4 11.81 kg (33.09)1 18.18 kg (50.93)1 Gende et. al., 
2004 

1: kilogram figures in brackets are FRR without LVSE for which average daily biomass is 973.23 kg 
and the 95th percentile is 1498.03 kg. 
 
BOD 
 
For BOD calculation the Quarter 1 95th percentile daily biomass value is used to provide the most 
conservative assessment = 1187.47 kg biomass (this is the value with LVSE, Table 9 Q1 95th 
percentile). The BOD example calculations are shown below, and the assessment values are 
summarised in Table 12. 
 
BOD generated from this biomass is estimated based on an equivalent value of 3.5g BOD/kg dry 
weight of fish tissue (Stigebrandt et al., 2001). 
The estimate of BOD load per day is: 

(i) 1187.47 x (3.5 x dry weight/wet weight conversion 0.36) = 1496.21 kg BOD 
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Total oxygen reduction potential based on OSPAR information BOD of 1.5mgl-1 = 0.5mgl-1 oxygen 
reduction: 
(ii) (1496.21/1.5)*0.5=498.74 kg/ day O2 reduction 
(iii) Based on a background dissolved oxygen level 6.96mg/l this is equivalent to oxygen 

present in 71658 m3. 
(iv) The daily volume exchange of 10% of GSB = 36,380,000 m3 
(v) 71658/36,380,000=0.20% of daily exchange  
(vi) Also, daily reaeration contributes 3.2gm-2d-1 
Therefore, reaeration over 498.74/0.0032= 155,855 m-2 (15.59 ha) would meet this daily oxygen 
demand.  
 
The lowest background dissolved oxygen for Sizewell Bay under thermal influence as reported in 
BEEMS TR306 was 5.77 mg l-1 which would still be equivalent to Good status. To reduce status of 
a water body under thermal influence (5.77 mg l-1) from Good to Moderate (4 mg l-1) would require 
a reduction of 1.77 mg l-1 oxygen. The oxygen demand calculated for Q1 95th percentile biomass 
loading with LVSE (1187.47 kg) is as above calculations a value of 498.74 kg O2 is derived. This 
demand could reduce oxygen levels by 1.77 mg l-1 in a volume of (498.74/0.00177) = 281771.9 
litres or an area of (square route (281771.9/ 4 metres depth) = (265.4 x 265.4 metres) or 7.04 ha 
(0.05% of the WFD Suffolk Coastal water body area). With LVSE this area is equivalent to that 
enclosed by a tidal ellipse of approximately 727.44 metres north and south and 123.3 metres east 
west of the discharge point. 
With no LVSE the fish biomass loading would be 3326.24 kg and the equivalent reduced oxygen 
levels would affect an area of 19.73 ha (0.13% of the WFD Suffolk Coastal water body area). 
Without LVSE this area is equivalent to that enclosed by a tidal ellipse of approximately 1217.5 
metres north and south and 206.3 metres east west of the discharge point. 
 
Table 12 BOD parameters and area affected by fish biomass discharge from the FRR with and 
without LVSE mitigation 

Scenario Fish biomass 
(kg) 

Oxygen 
reduction 
(kg/day) 

Percentage 
of daily 
exchange 

Equivalent 
to daily 
reaeration 
over area 
(ha) 

Accounting for 
temperature 
elevation 2°C above 
background the 
equivalent 
percentage of 
Suffolk WB reduced 
to moderate status  
 

Equivalent 
tidal ellipse 
length by 
width metres 

Q1 95th 
percentile 
biomass 
with LVSE 

1187.47 498.74 0.2 15.59 0.05% 
(7.04ha) 

727.44 
x  
123.3 

Q1 95th 
percentile 
biomass No 
LVSE 

3326.24 1397.02 0.55 43.66 0.13%  
(19.75 ha) 

1217.49 
x 
206.35 
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Un-ionised ammonia 
The highest biomass discharged is predicted for Q1 95th percentile (1187.47 kg with LVSE). Based 
on a value of 125 mg of ammonia nitrogen per kg of cod tissue (Timm and Jorgensen, 2002) this 
loading is equivalent to NH4-N of 1187.47 x 125= 148433.4 mg NH4-N. The total NH4 loading 
generated when used as a source value in the un-ionised ammonia calculator with an average 
temperature for Q1 of 11.73°C and 5th percentile salinity and 50th percentile pH= 2780374µg NH3-
N. Considering an un-ionised ammonia background of 1.6 µg l-1 this loading of un-ionised 
ammonia is equivalent to a seawater volume of 143,000 litres at the EQS (21 µg l-1 NH3-N). A 
volume of 143,000 litres at a depth of 4 metres (FRR discharge) would be equivalent to an area of 
5.99 m x 5.99 m=35.83 m2 (0.004 ha at the EQS or 0.01 ha with no LVSE). 
 
Temperature elevation of 2°C that might occur around the FRR due to the added thermal influence 
of Sizewell C will elevate the proportion of un-ionised ammonia relative to the influence of natural 
background temperatures alone (which take account of Sizewell B inputs). Taking account of 
conditions that would maximise the un-ionised ammonia concentration a 2°C elevation above 
annual mean natural background temperature at Sizewell (11.73 +2°C), a lower salinity 31.7 (5th 
percentile) and high pH 8.23 (95th percentile) the volume of seawater affected by elevated un-
ionised ammonia would increase to 253,000 litres with LVSE in place (an area equivalent to 0.006 
ha) and 708,000 litres with no LVSE in place (an area equivalent to 0.018 ha). 
 
 
Organic enrichment 
 
The area potentially effected by organic enrichment resulting from the decomposition of moribund 
fish biomass was determined relative to a benchmark of 100g organic carbon/m2/year (Tyler-
Walters et. al., 2018). The carbon content of fish biomass was derived from results reported by 
Alves et. al., 2019 that the carbon content of fish processing waste was 64.7% of the dry weight 
and the wet weight to dry weight conversion factor was 0.48. 
 
Area calculations were as follows: 
 

(i) Peak biomass of fish discharged from FRR (with LVSE) was in Q1 95th percentile at 
1187.47 kg per day 

(ii) 1187.47 kg converted to dry weight and then to weight of carbon (1187.47 x 0.48) x 0.65 = 
370.49 kg 

(iii) Daily carbon load is divided by daily benchmark carbon as referenced above and 
converted to a daily value 370.49/(0.1kg/365 days )= 1,352,288 m2 affected  

(iv) Convert metres to hectares and square kilometre = 135.23 ha or 1.35 km2. 
(v) 1.35 km2 is equivalent to 0.92% of the Suffolk Coastal water body area 
(vi) With LVSE this area is equivalent to that enclosed by a tidal ellipse of approximately 

3187.25 metres north and south and 540.21 metres east west of the discharge point. 
 

(vii) With no LVSE fitted Q1 95th percentile value is 3326.24 kg biomass per day (1037.79 kg 
organic carbon) = 378.79 ha or 3.79 km2. 

(viii) With no LVSE this area is equivalent to that enclosed by a tidal ellipse of approximately 
5334.35 metres north and south and 904.13 metres east west of the discharge point. 
 

(ix) For annual biomass fish loading with FRR and with LVSE 95th percentile 534.80 kg per 
day converted to 166.86 kg organic carbon = 60.90 ha or 0.61 km2. 
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(x) With LVSE this area is equivalent to that enclosed by a tidal ellipse of approximately 
2138.94 metres north and south and 362.53 metres east west. 
 

(xi) For annual biomass fish loading with FRR (no LVSE 95th percentile) 1498.03 kg per day 
converted to 467.39 kg organic carbon = 170.60 ha or 1.71 km2. 

(xii) 1.71 km2 is equivalent to 1.16% of the Suffolk Coastal water body area. 
(xiii) Without LVSE this area is equivalent to that enclosed by a tidal ellipse of approximately 

3579.85 metres north and south and 606.75 metres east west. 
 

Table 13 Areas of intersection of the FRR effect footprint with and without LVSE included in terms of organic 
matter enrichment  

Scenario Biomass 
(kg) 

Carbon 
(kg/day) 

Area at 
benchmark 
Km2 

Percentage 
Suffolk 
Coastal water 
body 

Equivalent tidal ellipse 
area covered length by 
width metres 

Q1 95th percentile 
biomass with LVSE 

1187.47 370.49 1.35 0.92 3187.25 x 540.21 

Q1 95th percentile 
biomass No LVSE 

3326.24 1037.79 3.79 2.59 5334.35 x 904.13 

Annual 95th 
percentile biomass 
with LVSE 

534.80 166.86 0.61 0.42 2138.94 x 362.53 

Annual 95th 
percentile biomass 
No LVSE 

1498.03 467.39 1.71 1.16 3579.85 x 606.75 

 
 

B.3 Habitat Effect footprint for organic enrichment due to discharges from the FRR when 
LVSE is not included in the assessment. 

 
 
Table 14 Areas of intersection of the FRR effect footprint for Q1 95th percentile without LVSE included in 
terms of organic matter enrichment and lower sensitivity EUNIS habitats in Sizewell Bay.  

EUNIS Habitat codes 
Area in 
Sizewell Bay 
(ha) 

Area in WFD 
(ha) 

FRR effect 
footprint area 
of 
intersection 
(ha) 

Percentage 
EUNIS habitat 
in WFD 

A5.13 677.55 629.99 34.59 5.49 
A5.23  2208.90 1362.05 281.36 20.66 
A5.23/A5.26 1490.57 392.48 0.034 0.01 
Engineering Feature 1.11 1.11 1.11 100 
A 5.22 402.88 340.17 0 0 
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