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Executive Summary  

This report summarises as at July 2011: 
a) The understanding of UK legislation that relates to aspects of the water quality that may be 

influenced by the development and operation of the proposed Hinkley Point C  (HP C). 
b) The potential areas of uncertainty with respect to compliance with existing or possible future 

regulation  
c) An evaluation of the compliance of the proposed HP C cooling water discharge with water quality 

standards both standalone and in combination with HP B using the results of the Stage 3a modelling 
(described in BEEMS Technical Reports TR177, TR178 and TR182). 

 

The report focuses on water quality, with the main emphasis on meeting current and future standards. Some 
discussion of biological issues is made in the context of the standards, but wider discussion of potential 
impacts upon the ecology of the site is covered in BEEMS Technical Report TR184. This report considers 
the requirements of the Habitats Directive and associated site designations and the requirements of the 
Water Framework Directive as the primary drivers for site operations. This version of the report also 
considers in combination effects with the existing HP B station.  

The report deals with water quality issues in order of likely significance, so the thermal effects of the HP C 
discharge are considered first. The HP B power station does not currently require biocide but combined 
chlorine inputs from HP B and C in combination have been modelled as a contingency and are also 
presented.  

 

Evaluation of the predicted thermal effects from 5 different combinations of HP B and HP C   

After extensive validation against field observations (HP modelling Stage 3a), a final cooling water 
configuration for HP C of 4 intakes and 2 outfalls was modelled using the Delft3D model and an 
implementation of the Generalised Estuarine Transport Model, GETM, (Burchard et al. 2004) to predict the 
extent of the thermal discharge of the new build power station and the output from these was used to 
challenge a number of temperature thresholds in relation to recommended guidance values and regulatory 
standards. Five separate runs were modeled (A-E) as shown in Table i and Figure i below. 

 

Executive summary Table i. Model runs including different power station output combinations applied in the 
GETM and Delft3D models 

Run ID Description 

Run A HP B @ 70% 

Run B HP B @100% 

Run C HP C 

Run D HP B @70% + HP C 

Run E HP B @100% + HP C 
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 HP C intakes

HP C twin discharge 

HP B intake
HP B outfall 

 

Figure i Intake/outfall locations for proposed HP C and existing HP B 

 

Habitats Regulations 

 For European Marine Sites the thermal threshold of 23 °C as a 98 percentile and temperature uplift 
<3 ºC for good status under the water Framework Directive is considered the most appropriate to 
also be applied to SACs and SPAs.   These criteria are met by HP C operating on its own with some 
very small areas affected in Bridgwater Bay.  The assessment of HP C and B in combination (Runs 
D and E) indicates that there are likely to be moderately large areas, in particular the Parrett, for 
which exceedence of the 98 percentile and the uplift standard are likely to occur.  However interim 
values for thermal criteria of 21.5 °C as a 98 percentile and temperature uplift <2 ºC are in place at 
this time until these can be fully reviewed by the relevant regulatory authorities and based on these 
values Hinkley C may meet the criteria for uplift dependent on acceptable mixing zones but neither 
Hinkley C nor C in combination with B would meet the 21.5 °C as a 98 percentile criterion 

Criterion (WQTAG160) Likely result (subject to regulatory decisions on acceptable 
mixing zones 

≤21.5˚C 98 percentile Not Met by HP C 

≤2˚C uplift May be Met by HP C 

≤21.5˚C 98 percentile Not met by HP C  when in combination with HP B 

 ≤2˚C uplift Not met by HP C  in combination with HP B 

 

 The thermal influence upon the cross-sectional area of a water body and its potential to impact 
migratory species. In this case the thermal influence upon the Severn Estuary and the Parrett 
Estuary were considered. Four cross sections were considered, one across the Severn Estuary itself 
and three across the Parrett Estuary, one at its mouth and two slightly upriver. In terms of cross-
section area of the Parrett some exceedence of the standard occurs although there are some 
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failures indicated  these occurred with a low frequency and only in the case of Run E the most 
extreme of the scenarios (including HP C and HP B at 100%).  Even for run E a separate channel of 
the Parrett remained unimpacted.  For these reasons significance is considered minor. 

Criterion Result 

Cross section not >2oC across more that 25% of 
area for more than 5% of the time 

Met for HP C  

Cross section not >2oC across more that 25% of 
area for more than 5% of the time 

Met for HP C in combination with HP B  

 

Water Framework Directive 

Thermal increase across water bodies  (the Coastal Water Bridgwater Bay and the Transitional 
Water Parrett Estuary). To meet Good status or Good ecological potential in Water Framework 
Directive waterbodies 98 percentile temperatures must not exceed 23C and temperature uplift must 
be <3 ºC.    

  Maximum temperature increase (uplift) across each of the above waterbodies compared to the 
Good status or Ecological potential of <3oC.  

 Predicted 98 percentile value, both  based on historical temperature data and modelled excess 
values.  

Criterion Likely result (subject to regulatory decisions on acceptable 
mixing zones 

≤23˚C 98 percentile Met by HP C for both water bodies 

≤3˚C uplift Met by HP C  for both water bodies 

≤23˚C 98 percentile Not met by HP C  when in combination with HP B 

 ≤3˚C uplift Not met by HP C  in combination with HP B 

 

Good status could be achieved when Hinkley C is operating on its own but in combination with B even at its 
current output there would be some areas of exceedence of both the overall standard and uplift standard.   

Future climate change predictions are likely to influence compliance with Water Framework Directive status 
– increasing the likelihood HP C on its own will not meet current Good status or good ecological potential 
standards.  But the temperature as the temperature backgroud against which standards are set will increase 
then the status boundaries may be reappraised by the Environment Agency to take account of climate 
change.  

Effects of station maintenance procedures 
 
Simulations were run of the condition when both HP C reactors are operating at normal capacity but only half 
the number of cooling water pumps are operating (2 out of 4), leading to reduced cooling water flow at an 
increased discharge temperature. The warmer plume leads to stronger stratification and therefore a more 
rapid rate of heat loss to the atmosphere. Broadly, temperatures at the surface in close proximity to the 
discharge are greater, whereas those in far field are reduced. The extent of the plume at the sea bed at the 2 
ºC excess temperature contour is approximately 50% less than when HP C is operating normally. Additional 
modelling was undertaken to determine whether the increased discharge temperatures would lead to 
reduced oxygen levels or increased un-ionized ammonia compared to the standard runs. For total residual 
oxidants (TROs) the total discharge is reduced when the cooling water flow is reduced and is approximately 
half that of the standard case.  
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Evaluation of the potential effects of chlorinating the HP C cooling water system. 

The GETM model was used to predict total residual oxidant (TRO) levels in the receiving water at Hinkley 
point.  Runs were performed encompassing TRO discharge concentrations from HP C and in combination 
with HP B. HP B does not currently chlorinate its cooling water system and so the TRO concentration 
modelled was the 0.3 mg l-1 permit level. For HP C either on its own or in combination the TRO 
concentrations modelled was 0.2 mg l-1.  The simulation was run for an April–May  period (using base data 
from 2008) as the most relevant time when chlorination would be applied. The results indicate that for 
Hinkley C alone the area above the Environmental Quality Standard (EQS) is relatively small on average at 
the bed where the most important sensitivities occur but with larger areas of exceedence at the surface.  For 
Hinkley B and C in combination there are greater areas above the EQS at the bed and surface and the 
importance of this will depend upon the sensitivities of habitats in these areas.  

 

Criterion Likely result (subject to regulatory decisions on acceptable mixing zones 

Meeting TRO EQS Met for HP C for the SPA but with relatively small areas of exceedence in 
the SAC. 

Meeting TRO EQS Met for HP C for the Parrett but with relatively small areas of exceedence 
in Bridgwater Bay 

Meeting TRO EQS May not be met for Hinkley C and B in combination for sensitive habitats 
but areas of exceedence are relatively small for the SPA but are slightly 
higher for the SAC 

Meeting TRO EQS May not be met for Hinkley C and B in combination for Water Framework 
Directive but areas of exceedence are relatively small for the Parrett but 
are slightly higher for Bridgwater Bay 

 

 

Evaluation of the potential effects of hydrazine in the HP C cooling water system. 

The scenario considered for evaluation of hydrazine impact includes both HP B and HP C in operation but 
only HP C will operationally discharge hydrazine, as HP B does not have operational discharges of 
hydrazine and therefore does not have a permit to do so.  
 
At the mean cooling water flow rate of 125 m3 s-1 the average concentration at the discharge point is 
predicted to be 7.1 ng/l based upon annual discharge quantities. Due to the relatively fast decay (approx 8 
hours half-life) there is no residual or build up of hydrazine, so that the simulation to have been performed 
here is effectively a daily discharge. but using 58 tidal cycles with differing meteorology to generate the mean 
and 95 percentile values. As for the TRO calculations the GETM runs for hydrazine chemical models were 
run for April and May 2008.  
 
The SPA is unaffected by hydrazine but 77 hectares at the bed of the SAC is affected by a hydrazine 
concentration above the PNEC and this increases to 161 hectares at the surface.   
   
The Parrett waterbody is intersected to a negligible extent by a hydrazine plume at a concentration above 
the PNEC, 3 hectares at the bed and 7 at the surface.  For Bridgwater Bay a similar pattern is seen to that of 
the designated areas (with which it overlaps) with 74 hectares of the bed and 184 hectares at the surface 
affected by a hydrazine concentration above the PNEC.   
 
There is a low confidence in the current PNEC and there is evidence to suggest that the half-life is lower 
than that modelled here because the discharge concentrations are lower than those used to derive the decay 
rate.  These factors indicate that this is a conservative assessment. 
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Although hydrazine concentrations exceed the PNEC over larger areas of the surface, concentrations above 
the PNEC only influence small areas of the bed where the greatest sensitivities might include organisms that 
cannot avoid the plume. 
 
Based upon calculated daily mean discharges the hydrazine acute PNEC is only exceeded at surface and 
within the vicinity of the outfall. The chronic PNEC is exceeded only at the surface and within 2 km either 
side of the discharge. Results from simulating a more realistic pulsed discharge are not significantly different 
from the calculated mean discharge results. 
 
A risk assessment completed at the end of 2010 under REACH has acquired a more up to date set of toxicity 
studies than were available for derivation of the current PNEC. Initial indications are that if the new PNEC is 
accepted then there will be a least an order of magnitude increase in the new value which would significantly 
reduce the predicted areas of exceedence predicted by the current modelling.. 
 
Criterion Likely result (subject to regulatory decisions on acceptable mixing zones 

Not exceeding 
hydrazine PNECs 

Met for the SPA and for the Parrett waterbody although relatively small 
areas of exceedence occur in the SAC and the Bridgwater Bay waterbody 

 
 

In combination plume effects on water quality 

The extent of oxygen consumption (or demand) from saturation, was investigated by calculating the 
concentration of dissolved oxygen at saturation derived from the GETM output based on site water quality 
surveys data and derived temperature fields from each Run using the method of UNESCO (1986).  A map of 
likely oxygen concentration was derived with and without inclusion of a biological demand factor. 

The dissolved oxygen concentration in the area immediately influenced by the thermal plume is reduced to 
around 6.5 mg l-1 and taking account of the biological demand a wider area of lower dissolved oxygen 
concentration is apparent.  The oxygen concentration nevertheless remains above 4 mg l-1 which is the lower 
end of the boundary conditions for “Good” status in transitional and coastal waters. 

The calculations for dissolved oxygen, show that the status of the estuary, using the maximum modelled 
temperatures maintains a good classification. The average value for the Bridgwater Bay or the Parrett 
waterbodies is High (above 5.7 mgl-1) but dips in the plume to 5 – 6 mgl-1 (Good).  During maintenance 
conditions with reduced cooling water flow there will be a slight further decrease in dissolved oxygen but not 
beneath 5 mgl-1.  

Met for all designations and waterbodies  

 

The interaction of pH and temperature with ammonia was also considered, because this influences the 
toxicity of ammonia, with increased temperatures affecting both the rate of uptake of ammonia and the form 
of ammonia to which organisms are exposed.  

The model runs B, D and E which replicate an annual cycle and   the Getm outputs for temperature were 
used with three different levels of background temperature, pH and salinity to derive values for the 
calculation of un-ionised ammonia concentration contours around the thermal discharges.  The maximum 
resulting un-ionised ammonia concentration contour was 16 ug l-1 NH3-N under both runs B and E and was 
slightly less at 11.2  ug l-1 NH3-N for run C.  In each case this value is less than the annual average EQS of 
21 ug NH3-N for un-ionised ammonia.   

The results from the HP C maintenance run condition of high temperatures and reduced flow, shows a slight 
increase in likely un-ionised ammonia (from 11.2 ugl-1 to 12.4 ugl-1) but again well below the regulatory limit.  

Met for all designations and waterbodies  
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As there is a contaminant legacy in the sediments of the Severn and a particular collecting area for fine 
sediments around Bridgwater Bay and the Parrett Estuary, it was considered relevant to assess the 
likelihood that the thermal discharge may enhance release and uptake of sediment-associated contaminants. 
An assessment of the literature indicates that the release of some metals and polycyclic hydrocarbons 
increases with temperature. Temperature increases also enhance the uptake of contaminants by organisms 
although possibly not ultimate bioaccumulation factor. There is therefore some potential for localised 
elevation of contaminant uptake from sediments. However, the potential for significant enhancement of 
contaminant uptake as a result of increased temperature is considered to be low, particularly compared with 
the contaminant release that takes place as a result of sediment remobilisation. This is an outline 
assessment and represent best expert judgement as to significance and as a result the confidence we have 
is less than for areas where a specific assessment has been carried out.   

The effects of thermal and chlorinated discharges were assessed with respect to phytoplankton survival and 
growth because, under changes resulting from the construction of a barrage, there may be the possibility of 
phytoplankton blooms, and the power station has the potential to both positively and negatively affect this. 
However, based on current knowledge, it is uncertain but of low likelihood that either the thermal input 
predicted or chlorination will significantly impact any future growth potential for phytoplankton communities. 

A brief assessment of the potential effects of thermal and chlorinated impacts upon microbial growth was 
also made. Microbial populations are also represented by the earlier assessments against thermal 
standards. It is noted that biofilms play an important part in the ecology of an estuary, but their resilience to 
thermal and chlorinated impacts is uncertain. Biofilms within cooling water systems can be very resistant to 
temperature and chlorination. The possibility that biofilms in power stations may incorporate pathogenic 
organisms is discussed, but the potential for this appears to be low. 

 

Conclusion 

The main issues for water quality legislation from the operation of new coastal nuclear power stations are the 
potential for thermal inputs (when seawater cooling is applied) to raise seawater temperatures above 
regulatory thresholds and the potential for the concentration of biocides or other process chemicals present 
in the cooling water to exceed environmental quality standards or predicted no effect concentrations. There 
may also be potential for interaction of the thermal or chemical inputs from the cooling water discharge with 
background physicochemical factors of the receiving waterbody.  The thermal criteria have been evaluated 
here by consideration of the current status of the waterbodies that will receive the cooling water discharge 
from HP C and potentially HP B in combination, and by the use of modelling data to predict the level and 
extent of change that may result from power station operation under likely operational conditions and a range 
of meteorological scenarios.   
Table ii below provides an evaluation of the likely significance of the operation of HP C and HP C and B in 
combination for various thermal and chemical criteria under the Habitats and Water Framework Directives.  
Table iii provides a detailed explanation of the criteria for assigning a particular value to the significance of 
changes that are predicted.  The level of significance for compliance with relevant standards or guideline 
values for changes in water quality is based on the size of area intersection with sensitive habitats and the 
magnitude of change. 
 
Operation of HP C on its own (Table ii) has a low likelihood of impacting the main thermal criteria under the 
Water Framework Directive but if the existing interim standards (21.5C and >2C uplift) are applied to protect 
the designated sites under the Habitats Directive then it is unlikely that these standards will be met.    For 
discharges of chlorine and hydrazine from HP C there are relatively small areas of exceedence and these 
either don’t overlap or do so to a minimal extent with the Parrett estuary and the SPA and so significance 
overall is considered moderate.  The remaining assessments are in combination effects where the influence 
of temperature upon the compliance with other chemical standards or biological parameters is considered.  
For HP C the significance of all in combination effects considered is either minor or negligible. 
 
If consistent standards are applied between the Habitats and Water Framework Directives then operation of 
Hinkley C and B in combination has a moderate likelihood of exceeding thermal requirements for Habitats 
with areas of up to 3.5% of the SAC exceeding the 23 oC 98 percentile value. But if the earlier interim 
standards for Habitats 21.5 oC 98 percentile and 2oC uplift value are applied then affected areas within the 
SAC are doubled and it is unlikely Hinkley C will meet these (Table ii).  For the Water Framework Directive 
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waterbodies there are greater areas of exceedence with up to 12% of the Parrett waterbody affected by 
values above the 23 oC 98 percentile and these are judged to be of more major significance.  The cross-
section guidance is met even for the most extreme in combination run with Hinkley B operating at 100% 
capacity.  For chemical discharges Hinkley B will not be discharging hydrazine and the significance of a 
potential chlorinated discharge from B in combination with Hinkley C is considered to have the same level of 
significance as for Hinkley C alone due to the relatively moderate areas likely to be affected.  The remaining 
assessments are in combination effects where the influence of temperature upon the compliance with other 
chemical standards or biological parameters is considered.  Based on the predictions when Hinkley C 
operates in combination with Hinkley B the significance of the thermal input upon other physicochemical 
factors is considered to be either minor or negligible. 
 
Under future climate change there is greater uncertainty about compliance and this will also depend upon 
any re evaluation of what constitute boundary conditions for each status class. 
 
Under the power station operational conditions described in this report some of the in combination power 
station runs and discharge conditions showed relatively larger areas that exceeded the relevant quality 
standards for temperature but in contrast others indicated only relatively little or no affect upon water quality.  
There may therefore be options both in terms of selection of optimum operational conditions to minimise 
areas that exceed standard or guideline water quality criteria and to further evaluate if there is a definite risk 
of sensitive habitats being impacted.   
 



 

tr186-declassified-vsosr (1)         8 

Executive Summary Table (ii): risk of non-compliance with thermal, chemical and physical and biological 
criteria by a new nuclear build operation at Hinkley Point based on an assessment of HP C and HP C +HP B 
in combination. 

 
Level of significance in terms of non-
compliance with regulatory thresholds1 

Criteria Identification (Subject to regulatory agreement 
on the size of acceptable mixing zones) 

HP C 
HP C + B in combination 

Thermal   

Not meeting Habitats requirements for SPAs and SAC (existing  
WQTAG160 guidelines of 21.5C and 2C uplift) 

Major Major  

Not meeting Habitats requirements for SPAs and SAC based on 
cross-sectional area potential impact on migratory species 

Minor  Minor  

Not meeting WFD requirements for status Minor Major  

Implication of climate change to Habitats and WFD requirements Moderate Major 

Chlorination    

Not meeting existing EQS value for Total Residual Oxidants Moderate 
Moderate (note HP B TRO 
discharge is theoretical based 
upon the permit value) 

Not meeting PNEC values for various CBPs Moderate Moderate 

Hydrazine   

Not meeting PNEC values for SPAs and SAC Moderate 
Moderate (Note HP B does 
not discharge hydrazine) 

Not meeting PNEC values for WFD Moderate Moderate 

Oxygen and temperature   

Not meeting Habitats requirements for SPAs and SAC 

And WFD status requirements Negligible Negligible 

Interaction of temperature, pH and ammonia   

Not meeting Habitats requirements for SPAs and SAC 

And WFD status requirements 
Negligible 

Negligible 

Interaction of temperature with contaminants other than 
ammonia 

 
 

Thermal, mechanical and chlorination criteria impacting 
aquatic plants 

 
 

Not meeting Habitats requirements for SPAs and SAC 

And WFD status requirements 

Negligible 

 

Negligible 

 

Not meeting Habitats requirements for SPAs and SAC and WFD 
requirements for ecological quality elements based on 
phytoplankton multimetric tool 

Negligible 

 

Negligible 

 

Impact of chlorination on microbial populations   

Not meeting WFD requirements for ecological quality elements  Minor Minor 

Impact of temperature on pathogenic organisms in biofilm Negligible Negligible  
1  The level of significance is based on the criteria set out in Table iv and v below in executive summary 
Table (iii): Generic significance criteria (derived from EDF ELIER 1000193, 2010) 
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Executive 
Summary Table 
(iii): Generic 
definitions of 
significance of 
impacts (derived 
from EDF ELIER 
1000193, 2010) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Level of significance Description 

Major 

Very large or large change in environmental or socio economic conditions. 

Impacts, both adverse and beneficial, which are likely to be important 

considerations at a regional or district level because they contribute to 

achieving national, regional or local objectives or, could result in 

exceedence of statutory objectives and / or breaches of legislation. 

Moderate Intermediate change in environmental or socio economic conditions. 

Impacts that are likely to be important considerations at a local level. 

Minor 
Small change in environmental or socio economic conditions. These 

impacts may be raised as local issues but are unlikely to be of importance 

in the decision making process. 

Negligible 
Negligible impacts result in no discernable change in environmental or 

socioeconomic conditions. These effects are likely to have negligible or 

neutral influences, irrespective of other impacts. 
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1  Introduction 

 

1.1 Purpose of Document 

This report considers the operation of a new nuclear power station (Hinkley Point C) at Hinkley Point (Figure 
1) and the likelihood that it will comply with current and developing water quality regulation. 

 

 

Figure 1 The location of Hinkley power station in the Severn Estuary 

 

 

1.2 Terms of Reference 

Geographic coverage – The region of interest for water quality considers the area in the vicinity of Hinkley 
point that overlaps with areas relevant to the Habitats Directive and Water Framework Directive:  

 The Special Area of Conservation (SAC) which contains habitat types and/or species which are rare 
or threatened.   
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 The Severn Estuary and Bridgwater Bay are also Special Sites of Scientific Interest (SSSI’s) and 
RAMSAR sites of international importance especially as waterfowl habitat.   

 The Severn is also a Special Protected Area (SPA) designated under the European Commission 
Directive on the Conservation of Wild Birds.   

 Bridgwater Bay and parts of the River Severn are also Nature Reserves.  

 Areas of water defined under the Water Framework Directive are also a major consideration and 
specifically these are the Transitional Water Parrett Estuary, and the Coastal Water Bridgwater Bay. 

 Thematic coverage – This report summarises information provided in detail in other reports that informs 
the impact assesment of thermal and chemical inputs from the cooling water.  The relevant technical 
reports are detailed below (Table 1).   

 

Table 1 Individual BEEMS water quality technical reports summarised in this document. 

 

 

Report Authors 
BEEMS Report 
Number 

BEEMS Work 
Package 

An initial review of the effects of 
new nuclear build on the marine 
ecology of Hinkley Point and 
Bridgwater Bay 

R.M. Forster, T. Maxwell, 
S. Hetherington, K. 
VanStaen, L.J. Fernand, J. 
Bremner, A. Griffith, J. 
Eggleton 

068v2  WP6 

Model of Total Residual Oxidant 
(TRO) behaviour in seawater. 
Theory, calibration and 
validation with laboratory data. 

Aldridge, J., Fernand, L., 
Fisher, T. & Sheahan, D. 

092  

 
WP8 

The decay of Total Residual 
Oxidant (TRO) measured in 
seawater samples collected in 
the vicinity of Hinkley Point 
nuclear power station. 

Sheahan, D., Fisher, T. & 
Williams, C. 

091 

 
WP8 

Hinkley power station laboratory 
studies of the decay of 
hydrazine measured in seawater 

Sheahan, D., Creach, V., 
Greenwood, L. & Nelson, L. 

146  

Prel A 
WP8 

Hinkley Point Thermal Plume 
Modelling: GETM Stage 3a 
results with the final cooling 
water configuration 

Dr Liam Fernand, Dr Tiago 
Silva, Dr John Bacon and 
Dr Sonja van Leeuwen 

177 WP9 

Hinkley Point Modelling:  

Chemical Plume Modelling 

(TRO, Hydrazine, DO, 
Ammonia) 

Dr Tiago Silva, Dr Liam 
Fernand,  

Dr John Aldridge, Dr Dave 
Sheahan. 

178 WP9 

Hinkley Point Thermal Plume 
Modelling: Delft3D Stage 3a 
results with the final cooling 
water configuration 

ABPmer subcontract report 182 WP9 
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1.3 Sources of Information 

The information sources identified to support the water quality assessment for new development at Hinkley 
Point power station are primarily based on British Energy technical documents, on-line literature searches 
Cefas and other contractor surveys, supplemented by information from personal contacts.   

 

Sources of Data 

The principal data sources are:  

 The MERMAN database, which contains data collected by all of the competent monitoring authorities for 
the CSEMP (Clean Seas Environment Monitoring Programme). Generally it covers data collected from 
1999 onwards (1988 onwards for organisms associated with seabed sediments). Sampling points in the 
CSEMP area are shown in Figure 2. In addition, database records include scientific journals and 
periodicals, monographs, proceedings of conferences and symposia, government reports, books, theses 
and dissertations, and other relevant documents.  

 An Cefas database, “Sapphire”, recording all water quality measurements made from Cefas research 
vessels from approximately 1960 onwards. This includes nutrients, physical parameters and radionuclide 
concentrations.  The Cefas Inshore temperature network records from 1900 to 2006 are also stored here 
(locations of relevant sites are shown in Figure 3, and Figure 4 and the quantity of records covering 
particular periods is shown in Figure 5).  

 An existing  water quality database consisting of Environment Agency and Cefas records of inshore 
water bodies, from 1975 to 2006.  

 Continuous records of temperature, salinity, oxygen, chlorophyll and turbidity from Cefas’s SmartBuoy 
and WaveNet systems, plus logging instrument packs on a dedicated BEEMS lander deployed at 
Hinkley Point.  

 

Data sources are listed in the Appendix and include information on trace metals, organic contaminants and 
particle size data in sediment; trace metals, organic contaminants and biological effects in marine organisms; 
trace metals, organic contaminants and nutrients in water; riverine discharge data on nutrients and 
contaminants; and benthic invertebrate data. 

 

Data Quality 

All the main databases have been quality controlled and the resulting datasets have been checked for 
outliers to ensure that only good quality data are used for reporting.  

 



 

tr186-declassified-vsosr (1)         13 

 
 

Figure 2 Map of UKCSEMP survey areas, including those in the Bristol Channel and Severn Estuary 

 

 

Figure 3 Distribution of Cefas and EA nutrient sampling stations in the inner Bristol Channel, with the size 
of circles reflecting mean nitrate concentration (µmol l-1) during the sampling period (coloured 
circles are Cefas data and open circles are Environment Agency data) 
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Figure 4 Locations of long-term seawater temperature monitoring sites in the Bristol Channel and Severn 
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Figure 5 Availability of data shown as the number of individual temperature recordings per year since 1990 
from the long-term temperature monitoring sites 
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2 Limitations and constraints 

This technical report outlines the potential impacts of the cooling water discharge during operation in the 
context of current and emerging water regulation – in particular but not limited to, the Water Framework 
Directive (WFD), Shellfish Waters Directive (79/923), and Habitats Directive (92/43/EEC). 

The proposed design of six intake heads on two tunnels and one discharge tunnel was modelled in Stage 3. 
After further detailed performance review (BEEMS Technical Report TR135 and TR121) and, where 
appropriate, model optimisation the final cooling water configuration of four intake heads on two tunnels with 
two discharge ports from one tunnel was the subject of the Stage 3a modelling using the General Estuarine 
Transport Model (GETM, Technical Reports TR 177 and TR 178) and the Delft3D model (TR 182).  

This report considers the implications for water quality regulation of the results from the stage 3a modelling 
of Hinkley Point.   

As there is a possibility that HP B may have its operational life extended beyond the current plan of 2016, 
detailed modelling of HP B (at its current 70% of designed output power and at 100% power) was also 
undertaken both alone and in combination with HP C.  To take account of different power station 
combinations and operation levels a total five sets of runs labeled A-E were considered (Table 2). 

 

Table 2 Model runs including different power station output combinations applied in the GETM and 
Delft3D models 

Run 
ID 

Description Intake location Discharge location Discharge flow 
and delta T 
m3s-1  @ °C 

Run A HP B @ 70% 51.21541 N 3.134438 W 51.212561 N 
3.122717 W 

33.7 @ 11*1 

Run B HP B 
@100% 

51.21541 N 3.134438 W 51.212561 N 
3.122717 W 

33.7@15.8 

Run C HP C 51.23293 N 3.167426 W 
51.23442 N 3.16904 W 
51.23155 N 3.173866 W 
51.23296 N 3.175662 W 
4 intakes 

2 discharge ports 
51.22166 N 
3.159394 W 
 
51.22114 N 
3.158708 W 

125 @ 11.62 

Run D HP B @70% 
+ HP C 

HP B intake +4 HP C 
intakes 

HP B discharge+ 2 
HP C discharges 

33.7 @ 11 
125 @ 11.6 

Run E HP B 
@100% + HP 
C 

HP B intake +4 HP C 
intakes 

HP B discharge+ 2 
HP C discharges 

33.7 @ 15.8 
125 @ 11.6 

 

 

 

 

 
1 Source T.Manion Edf Hinkley Point efficiency engineer. 
2 Source EDF T-MA-09-0381  
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2.1 Main Assumptions  

The report is based upon the following assumptions that the construction of Hinkley C will: 

 consist of two EPR reactors at the Hinkley C site 

 consist of four intake heads on two tunnels and two discharge ports from one tunnel 

 require an intake and an outfall to be built on the seabed at positions offshore; 

 require a cooling water flow of approximately 116m3s-1 at low water to 134m3s-1  at high water 

 may be run in combination with the operation of Hinkley B 

 possibly use an chlorine based antifoulant 

 Will discharge other conditioning chemicals via the cooling water discharge during commissioning and 
operation 

 

2.2 Intake/outfall configurations assessed 

It is anticipated that Hinkley B will no longer be operational once Hinkley C is commissioned and so the main 
assessment is of Hinkley C configuration is under the operating conditions described above. However, in the 
event of an extension to the lifespan of Hinkley B there may be a period of overlap and some additional runs 
have been undertaken to assess the impact of Hinkley C on the operations of Hinkley B and any in 
combination effects.  Figure 6 shows the intake and outfall configurations for Hinkley B and C. 

 HP C intakes

HP C twin discharge 

HP B intake
HP B outfall 

 

Figure 6 Intake/outfall locations for proposed Hinkley C and existing Hinkley B 
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3 Water quality legislation of relevance to the Severn Estuary and 
Bristol Channel  

 

3.1 Habitat Designations 

Council Directive 92/43/EEC of 21 May 1992 on the conservation of natural habitats and of wild fauna and 
flora, hereinafter referred to as the ‘Habitats Directive’ gives protection to internationally important 
conservation sites. Collectively, these sites are known as Natura 2000 sites. Within this Natura 2000 
network, sites are designated as Special Areas of Conservation (SAC) or Special Protection Areas (SPA). 
The achievements under both of the above Directives make important contributions to the achievement of 
good status under Directive 2008/56/EC establishing a framework for community action in the field of marine 
environmental policy (Marine Strategy Framework Directive). Coastal waters, including their seabed and 
subsoil, are an integral part of the marine environment, and as such should also be covered by MSFD, in so 
far as particular aspects of the environmental status of the marine environment are not already addressed 
through the Water Framework Directive. 

Regulations have been introduced under the Habitats Directive to safeguard Europe’s most endangered 
plants, animals and habitats. In the UK, the Habitats Directive is being introduced through the Habitats 
Regulations. England and Wales are home to 83 of the protected habitats and 51 of the species, many 
considered to be particularly rare or endangered. 

As part of the Habitats Directive, the Environment Agency has to review all the existing permits and consents 
that are currently regulated. This will ensure that there are no adverse effects on the nature conservation 
interests of designated sites such as SACs and SPAs.  

The Severn Estuary is protected by a number of national and international conservation designations: 

 European Marine Site (EMS) 

 Special Protection Area (SPA) (Figure 7) 

 Special Area of Conservation (SAC) (Figure 7) 

 Ramsar site (Figure 8) 

 National Nature Reserve (NNR) (Figure 8) 

 Site of Special Scientific Interest (SSSI) (Figure 9) 
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Figure 7 Special Area of Conservation  larger area hatched in brown and the Special Area of Protection 
outlined and hatched in green with the power station shown as a red square. The area of interest 
for potential effects of power station operation is delimited by the red line. 

 

 

Figure 8 National Nature Reserve cross-hatched in light green overlapping with the larger RAMSAR site   
in htached with horizontal dark green bars with the power station shown as a red square. The 
area of interest for potential effects of power station operation is delimited by the red line. 
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Figure 9 Sites of Special Scientific Interest hatched and outlined in green  with the power station shown as 
a red square. The area of interest for potential effects of power station operation is delimited by 
the red line. 

The main reasons for the designations applicable to the study area are set out in Table 3. The Bridgwater 
Bay NNR and the Severn Estuary SPA, SAC and Ramsar Site overlap the survey area as far west as 
Lilstock. The Severn Estuary SSSI covers the entire survey area. Figure 7 to 9 (APBmer, 2008; Parsons 
Brinckerhoff, 2008) show the overlap between the areas covered by each designation in relation to the site at 
Hinkley Point. 

Under the Habitats Directive, it is necessary to consider whether an activity is likely to have a significant 
effect alone or in combination with other plans/ projects and activities. An assessment should conclude that 
the application will not adversely affect the integrity of the European site. For each discharge to a water 
body, it is necessary to assess whether any hazard identified is likely to affect the interest features of the 
European site. Natural England and Environment Agency guidance lists the following types of hazards for 
habitats, species and birds:  

 Toxic contamination 

 Changes in pH  

 Siltation  

 Turbidity  

 Nutrient enrichment 

 Physical damage 

 Salinity 

 Thermal regime 

 Organic enrichment 
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In calculating the required conditions for a permission to protect the water quality of a site, Environmental 
Quality Standards (EQSs) are used. Where these are not available an interim Predicted No Effect 
Concentration (PNEC) will be sought from the Environment Agency’s Science Group.  

The impacts on ecological quality from contaminated sediments have been highlighted as a potential risk to 
European sites. The Environment Agency 2004 “Assessment of Sediment Contaminants in Estuaries” 
provides guidance on the application of these guidelines to estuaries. For the Review of Consents, it has 
been agreed that Environment Canada’s TEL/PEL (Threshold Effects Levels and Predicted Effects Level; 
CCME, 1999) approach will be used. This is currently the best available information. 

 

Table 3 Site designations under Habitats Directive 

Designation Main features for protection Specific features for protection 

European Marine 
Site  Special 
Protection Area 
(SPA) – Wetlands 

 

Regularly occurring migratory 
species and those listed on 
Annex 1 EC Birds Directive 

 

Anas strepera (Gadwall) 

Anser albifrons albifrons (White-fronted goose) 

Calidris alpina alpina (Dunlin, non-breeding 
population) 

Cygnus columbianus bewickii (Bewick’s swan) 

Tadorna tadorna (Shelduck) 

Tringa tetanus (Redshank) 

European Marine 
Site Special Areas of 
Conservation (SAC) 
– Subtidal and/or 
intertidal area. 

Protection of species/habitats 
of significance at European 
level (tool used to implement 
the EC Habitats Directive 
[92/43/EEC]) 

Species: 

   Alosa fallax (Twaite shad) 

   Lampetra fluviatilis (River lamprey) 

   Petromyzon marinus (Sea lamprey) 

Habitats:  

   Atlantic salt meadows; estuaries; mudflats 
   and sandflats 

Qualifying features but not primary reasons for 
site selection: 

   Reefs; sandbanks  

RAMSAR 
Protection of wetlands of 
international importance 

Immense tidal range; unusual estuarine 
communities; important migratory fish species; 
migratory bird species; winter support of a 
large waterfowl population including five 
internationally important species 

Site of Special 
Scientific Interest 

 
Bridgwater Bay: large areas of intertidal 
mudflat and saltmarsh 

National Nature 
Reserve 

Protection of most important 
areas of wildlife habitat and 
geological formations  

Bridgwater Bay, including lower reaches of the 
River Parrett 

Taxa and habitats of 
special interest (not 
covered by existing 
site designations) 

OSPAR List of Threatened 
and/or Declining Species and 
Habitats 

Sabellaria spinulosa reef habitats; Nucella 
lapillus 

Salmo salar (salmon)  

Habitat type ‘Mytilus edulis beds on mixed and 
sandy sediments’ may not fit listing due  
to small numbers  
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3.2 Water Framework Directive 

The Water Framework Directive (WFD) (2000/60/EC) came into force in December 2000. It was introduced 
to provide a mechanism by which disparate regulatory controls on human activities that have the potential to 
impact water quality could be managed more effectively and consistently. In addition to a range of inland 
surface and groundwaters, WFD covers transitional waters (estuaries and lagoons) and coastal waters up to 
1 nautical mile from baseline. Existing regulation that will eventually be subsumed by WFD and that has a 
bearing on transitional and coastal waters includes the Freshwater Fish Directive (78/659/EEC), Shellfish 
Waters Directive (79/923/EEC), and Dangerous Substances Directive (76/464/EEC). All UK surface waters 
have been identified as water bodies, with meaningful typologies that relate to physical and ecological 
characteristics. Based upon ecology and chemical quality, these water bodies have been classified as falling 
into one of five status classes ranging from High to Bad.  

Two water bodies are of immediate relevance to the Hinkley site and these are the Parrett Estuary which is 
transitional water which is a heavily modified water body currently at moderate ecological potential and 
Bridgwater Bay a coastal water body which is at moderate status (Figure 10).  Chemical status is available 
for the Parrett water body and is considered to be ‘Good’. 

 

 

Figure 10 Map of Water Framework Directive water bodies for the Bristol Channel and Severn Estuary, 
including the Parrett and Bridgwater Bay water bodies and location of Hinkley B and proposed C 
are also indicated. 
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4 Aspects of baseline water quality of the Severn Estuary  
    and Bristol Channel 

River estuaries and their coastal waters frequently receive and collect a wide range of contaminants. The 
River Severn is the major freshwater input, providing approximately one-quarter of the total flow to the 
Severn Estuary and Bristol Channel. A number of other major rivers provide inputs to the Severn and Bristol 
Channel and in addition, treated sewage and industrial inputs make contributions, eg Apte et al. (1990) 
calculated sewage inputs to represent ~3% of the freshwater flow, with industrial inputs making up just under 
1%. Early studies (Owens, 1984) indicate that the bulk of the contaminant input was upstream of a line 
between the River Parrett and Cardiff. Industrial and sewage inputs combined contributed a slightly larger 
proportion of the mercury, cadmium and un-ionised ammonia and orthophosphate, but riverine inputs 
accounted for most of the total oxidised nitrogen.  

Diffuse chemical inputs to the Severn and Bristol Channel are likely to arise from the run-off from agricultural 
land (of which there are significant areas in the Severn catchment and that of tributaries such as the Avon, 
Usk and Parrett [Langston et al., 2003]), run-off from urban centres, and deposition from emissions to air. 
Estuary and sediment dynamics and the high degree of mixing are considered to have a major influence on 
the distribution of contaminants and biota, although it is acknowledged that discharges to the Severn and 
Bristol Channel can have local impacts (Owens, 1984). 

Langston et al. (2003, 2007, 2010), drawing upon a number of early reports in the 1970s, 1980s, and 1990s 
through to more recent Environment Agency data collected in 2004, provide a thorough overview of 
contaminant trends in the Severn Estuary and Bristol Channel. Figure 11 references some of the key areas 
discussed in the following section. 

 

 

Figure 11 Map showing general points of reference for various contaminant sampling programmes in the 
Severn Estuary and Bristol Channel 
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Chemical quality standards for seawater 

For the Water Framework Directive, certain substances that are regarded as the most polluting were 
identified in 2001 as Priority and Priority Hazardous Substances by a Decision of the European Parliament 
and the Council of Ministers. For these substances (a selected list is shown in Table 4), Environmental 
Quality Standards are determined at the European level, and these will apply to all Member States. For other 
substances, standards may be derived by each Member State, and they should lay down, where necessary, 
rules for their management. This list of compounds or Specific Pollutants is defined as substances that can 
have a harmful effect on biological quality, and which may be identified by Member States as being 
discharged to water in “significant quantities”. 

Table 4 Environmental Quality Standards (EQS) for priority substances and certain other pollutants 

Substance 
Annual average  
(AA) EQS other surface 
waters(μg l–1)1 

Maximum allowable 
concentration (MAC)2 EQS 
other surface waters (μg l–1) 

Cadmium and compounds 0.2 
0.45–1.5 dependent on water 
hardness 

Total DDT  

(sum of four isomers) 
0.025 Not applicable* 

Para,para-DDT 0.01 Not applicable 

Lead and its compounds 7.2 Not applicable 

Mercury and its compounds 0.05 0.07 

Nickel and its compounds 20 Not applicable 

Naphthalene 2.4 Not applicable 

Benzo(a)pyrene 0.05 0.1 

Tributyltin compounds 0.0002 0.0015 

 

 

UK Technical Advisory Group (UKTAG)  identified a list of substances for consideration as specific pollutants 
based on their appearance on lists of discharge consents. Substances and their proposed EQS values 
relevant to subsequent discussion are listed in Table 5. The UK must continue to comply with the standards 
set under the Dangerous Substances Directive until its repeal in 2013. Where the work of UKTAG has 
derived a more stringent standard than the existing standard under the Dangerous Substances Directive, the 
new standard will be applied. 
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Table 5 Environmental Quality Standards (EQSs) for specific pollutants (Proposals for standards for 
annex VIII substances, 2008) 

Substance 
Annual average (AA) EQS 
saltwater (μg l–1) 

Long-term 95% 
saltwater (μg l–1) 

Ammonia un-ionised 21 – 

Chromium VI (dissolved) 0.6 32 

Chromium III 4.7 32 

Arsenic (dissolved) 25 – 

Copper (dissolved) 5 – 

Chlorine 10 (total residual oxidants) – 

Iron (dissolved) 1 – 

Zinc 40 – 

 

 

Dissolved and sediment associated metals 

There is a reported (Langston et al., 2007) decreasing concentration trend of the majority of dissolved metals 
measured (arsenic, cadmium, chromium, copper, iron, nickel, lead, zinc, mercury), with most values for each 
metal within quality standards as defined for the Dangerous Substances Directive (in some cases these are 
higher than the values listed in Table 4 and 5) for various sites from the Severn through to the Bristol 
Channel. Some EQS values for the inner sites in particular were reported to be exceeded by occasional 
maximum values for arsenic, cadmium, copper, nickel, lead, zinc and mercury, but in all cases average 
values were below the EQS set (expressed as an annual average). Data for 2005–08 for an outer Severn 
site reported in the MERMAN database indicate that dissolved cadmium and mercury concentrations are one 
to two orders of magnitude below their respective EQS values. Although the datasets indicate that the levels 
of some metals show a marked decrease from values reported in the 1970s, Langston et al. (2007) suggest 
that the high variability in measured dissolved concentrations of metals may be attributable to sediment 
remobilisation and resuspension at the time of sampling.  

Significant historical industrial inputs have also contributed to a legacy of contaminants associated with the 
bed sediments, eg cadmium inputs were estimated to be 61.6 kg d–1 by Owens (1984). The scavenging of 
dissolved metals from the water by particulate material results in them becoming associated with the 
suspended load or settling out to become associated with the bed sediments of the estuary. The highest 
sediment contaminant loadings are associated with the sediments of finer particle sizes, and these are 
located in a number of areas including the River Parrett and outer Bridgwater Bay. Owing to the dynamic 
nature of the estuary, fine sediments that associate with contaminants from point source discharges are 
dispersed over a large area. A review of sediment metals data for the Severn Estuary from the 1970s and 
1980s (Langston et al., 2007) that included a classification according to sediment quality guideline values 
applied by Canada (CCME, 1996) indicated that for arsenic, cadmium, chromium, copper, mercury and lead, 
the concentrations were at a level at which possible effects could not be excluded, and zinc was at a level at 
which effects might be expected. For the River Parrett it is noted (Langston, 2007) that because of the higher 
metal loading in the Severn Estuary, the metal sediment contamination gradient, unusually, increases 
downstream from the tidal limits to the mouth, where it enters Bridgwater Bay. Changes in sediment metal 
concentrations were compared (Langston et al., 2007) between sediments collected in the 1970s and 1980s 
with samples collected during 1995 and 2004. Some of the sites covered locations on the Severn between 
Sharpness and Avonmouth (~30 km up the Estuary from Bridgwater Bay). The comparison indicated a 
decreasing trend for many of the metals analysed between the earliest samples and the 1995 and 2004 
samples. Arsenic was the one metal that showed an increase for both comparative periods. Chromium and 
nickel also showed elevated levels in 2004 compared with values measured in the 1970s and 1980s.  
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A series of sediment core samples were collected in November 2009 by Fugro (Fugro Report 0912544-
3(01), March 2010) during a construction survey of the seabed in the vicinity of the planned cooling water 
intake and outfall structures and aggregates jetty.  Selected sediment samples were subsequently analysed 
by Cefas for metals, organotins, chlorinated biphenyls, organochlorines, polycyclic aromatic hydrocarbons 
and radionuclides.  The sampling locations are shown in Figure 12 with those samples for which there is 
chemical data circled in red.  The full chemistry details for the samples analysed is included in Tables 1-15 in 
Appendix B. 

In the England and Wales, Cefas Action Levels are used as sediment chemical screening values for dredged 
material to determine disposal options under Environmental Permitting Regulations (England and Wales) 
2010 (S.I. 2010/675) and for relevant waters covered by the Water Framework Directive they are also 
recommended, Environment Agency www.environment-agency.gov.uk/business/sectors/116352.aspx. 
  
Two Action Levels are employed.  Each Action Level has an associated suite of contaminants that are 
routinely tested in dredged sediment as part of a weight of evidence approach to inform marine disposal 
licence applications: Contaminant concentrations that are below those defined for Action Level 1 are not 
considered to be of environmental concern and hence are unlikely to influence the disposal options.  
However when contaminants are present above Action Level 2 the dredged sediment is not considered 
suitable for reuse or disposal at sea.  Between the Action Levels further assessment will be required.   
 
All of the metals analysed for, chromium, nickel, copper, zinc, arsenic, cadmium, lead and mercury, were 
detected in some of the sediment cores at concentrations above Action Level 1.  Nickel was most 
consistently above its Action Level 1 concentration of 20 mg kg -1 with a mean and range of 34.5, 5.9 – 58 
mg kg-1 respectively for the 14 sample locations per site.  In addition to Cefas Action Levels guidelines have 
been developed elsewhere for coastal sediments (e.g. Environment Canada’s Sediment Quality Guidelines). 
These guidelines can be used to predict the likelihood that substances in sediments will 
induce toxicity in aquatic organisms. The guidelines apply two levels – The Threshold Effects Level (TEL) of 
a contaminant which is the concentration which is not considered to pose a significant hazard to most 
aquatic organisms and the Probable Effects Level (PEL) which is a contaminant concentration that has a 
higher probability of being associated with adverse effects in biota (Canadian Council of Ministers of the 
Environment, CCME, 1999).  Only one sediment sample from the vicinity of the proposed aggregate jetty 
VCJ18 had lead and zinc concentrations above the probable effects level (PEL) of 112 mg kg-1 and 271 mg 
kg-1 respectively which suggests that these concentrations are likely to have biological effects.  A number of 
other samples exceed TEL’s for the other metals measured. This implies some, albeit low likelihood of 
biological effects in these sediments. These data broadly compare to the results of sediment analyses 
conducted in 2004/2005 by the Environment Agency and reported in Langston et. al., 2010 which indicate 
consistent, low-level enrichment over much of the Severn which, for most metals, is just above the ‘threshold 
effects level’ – TEL with occasional ‘hotspots’, which exceed ‘probable effects levels’ – PEL. 
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Figure 12 Map showing sediment core sample location for Fugro survey around the planned intake and 
outfall positions and the aggregate loading jetty (enlargement shown inset). Those core samples 
that were analysed for a range of chemical determinands are circled in red.  

 

 Tributyltin  

Data for the antifouling compound tributyltin indicate that values measured in 2001 for the freshwater limits of 
the Severn were close to but below the EQS, although it was noted that there were few reliable data. The 
pattern of TBT in estuarine water is suggested to be even less reliable, but data collected between 1996 and 
2002 ranged between 0.003 and 0.005 μg l-1, just above the EQS (0.002 μg l-1; Langston et al., 2003). In a 
number of cases, this EQS was exceeded by local high levels that were up to 40-fold higher. The 
Environment Agency survey of the Severn in 2004 indicated that none of the 57 unfiltered water samples 
analysed contained TBT at levels above detection.  Data from the Fugro survey sediment analyses 
described under the metal section detected measurable tributyltin concentrations in sediment samples from 
two sampling points in the vicinity of the proposed cooling water intake, VC9 and VC12.  But the highest 
concentration 0.05 mg kg-1 is below Cefas Action Level 1 (0.1 mg kg-1) for organotin compounds (Cefas, 
2003).  

 

Pesticides and herbicides – Hexachlorocyclohexane (HCH) total and gamma-HCH (lindane); DDT and 
para,para-DDT (ppDDT); dieldrin; aldrin; endrin; isodrin 

Compounds in this group are known for their persistence (HCH, gamma-HCH, DDT, pp-DDT, and the 
dieldrin,, aldrin, endrin and isodrin  are now banned from use in the UK), the potential for some to adsorb to 
sediments, and for their chronic toxic effects. Low DDT concentrations  (5 ng l-1) were reported for water 
samples collected between 1995 and 1999 from the Severn (Allen et al., 2000). Sediment concentrations for 
DDT measured in the same study were 1.9 μg kg-1. Data from the Marine Pollution Monitoring Management 
Group (MPMMG, 1998) demonstrated lower levels of sediment-associated DDT (<0.3 μg kg-1) in sediments, 
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but concentrations of DDE (the main breakdown product of DDT) were higher, at 4 μg kg-1, indicating that 
there had been no recent inputs of the parent compound DDT. 

Dieldrin, another organochlorine pesticide of concern on account of its endocrine-disrupting properties, has 
been measured in sediments in the Severn at concentrations of 1.9 μg kg-1 (Allen et al., 2000). 
Concentrations of this chemical have also been reported in the muscle of eels from several Welsh rivers. 
Dieldrin has also been measured in the tissues of flatfish sampled from the Severn Estuary at concentrations 
of 10 μg kg-1 wet weight (MPMMG, 1998). Endrin and isodrin have also been measured in samples from the 
Severn Estuary at 0.01 and 0.005 μg l-1 respectively, for water samples, and for endrin just 0.0038 mg kg-

1(wet weight) for sediment. 

Lindane concentrations in the estuary have been measured at 5 ng l-1 between 1995 and 1999 (Allen et al., 
2000), and the chemical has also been detected in the tissues of eels at 10–50 μg kg-1 (Weatherley et al., 
1997). 

Data from the Fugro sediment analyses described under the metal section detected measurable pp-DDE in 
twelve of the sediment samples,  four associated with outfall site and eight with the jetty. The maximum 
concentration of pp-DDE measured was 1.45 μg kg-1 which is around the Canadian threshold effects level for 
this substance. A total of ten samples had detectable concentrations of pp-DDT, four from the jetty and six 
from the intake outfall site, with a maximum concentration of 2.22  μg kg-1 which is just over the Canadian 
threshold effects concentration of 1.99 μg kg-1. 

In all but one of the sediment samples (VC10) dieldrin was detected with the highest concentration, 1.42 μg 
kg-1 which is below the Canadian theshold effects concentration of 2.8 μg kg-1. 

Measurable alpha-HCH was detected in nine sediment samples five in the vicinity of the proposed cooling 
water intake and outfall structures and four associated with the aggregates jetty site.  The highest 
concentration of alpha-HCH was 0.34 μg kg-1.  For gamma-HCH (Lindane) all sediment samples were below 
detection limits (0.2 μg kg-1).   

 

Organophosphate pesticides (OPs) 

Median total organophosphate concentration in seawater for the Severn Estuary (Allen et al., 2000) was 
reported as 5 μg l-1, comparable with other UK estuaries at that time. A survey that sampled Nash Point in 
the Severn (Cefas, 1997) measured concentrations of dimethoate at 24 ng l-1, and upstream in the Severn 
Estuary, concentrations of the organophosphate chlopyrifos ranged from 34 to 46 ng l-1 and the carbamate 
insecticide pirimicarb from 28 to 35 ng l-1.  

 

Simazine and atrazine 

The s-triazine herbicides have been widely used and applied in large quantities and, because of their ready 
solubility and slow degradation, have been widely detected. Between 1995 and 1999, median concentrations 
of 10 ng l-1 were reported for the Severn Estuary. 

 

Polychlorinated biphenyls (PCBs) 

PCBs have a high affinity for sediments. Sediment sampling during 1995 between Sharpness and 
Avonmouth indicated no localised hotspots for PCBs, but concentrations ranged from ~25 to 40 μg kg-1. 
PCBs have been measured in the tissues of eels, and tissue concentrations exceeded 1000 μg kg-1 in fish 
from the more industrialised estuaries (Weatherley et al., 1997). Measured concentrations of PCB 153 in the 
liver of the bottom-dwelling dab or flounder collected from the Severn were 30 μg kg-1. Data from the Fugro 
sediment analyses described under the metal section detected measurable chlorinated biphenyls in all but 
one of the sediment samples.  The highest concentration measured for  a total of 25 CB’s was 498.3 μg kg-1 
which was taken at a depth of 1 metre in one of the aggregates jetty samples, VCJ9 .   In all thirteen of the 
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sediment samples in which CB’s were measured the concentration exceeded the Canadian threshold effects 
concentration of 21.5 μg kg-1  and Cefas Action Level 1 for total PCB’s but with the exception of VCJ9, all 
other samples were below a probable effects level based on Canadian standards and also below Cefas 
Action Level 2.   

 

Chloroform 

Chloroform has been measured in >50% of water samples from upper and mid-estuary sites on the Severn 
at concentrations in the range 0.15–0.75 μg l-1 (MPMMG, 1998).  

 

Pharmaceuticals and personal care products 

Pharmaceuticals and active ingredients in personal care products (PPCPs) are used in large quantities. The 
rapid introduction of new products adds to the large array of chemical classes, each with distinct modes of 
biochemical action, many of which are not well understood in terms of environmental fate and effects. In 
contrast to agrochemicals, most of these products are disposed or discharged into the environment on a 
continual basis via domestic/industrial sewage systems and wet-weather run-off. Pharmaceutical products 
have been known to be present in the aquatic environment for ~30 years (Hignite and Azarnoff, 1977), but it 
was only in the latter half of the 1990s that there was a greater focus on their potential fate and effects. 
Studies across Europe and in North and South America have identified more than 80 different compounds 
(Heberer, 2002) in wastewater treatment works (WWTW) effluents, rivers, lakes and drinking water (Ternes, 
1998; Jones et al., 2001; Ashton et al., 2004). Research carried out by Kasprzyk-Hordern et al. (2008) in 
South Wales revealed that the discharge of treated wastewater effluent into receiving waters is responsible 
for their contamination with PPCPs. Both the occurrence and concentration levels of 47 of all 56 PPCPs 
studied increased in the rivers Taff and Ely, which eventually discharge into the Severn. At 2 and 3 km 
downstream from the final effluent discharge, PPCPs such as paracetamol were present at concentrations of 
185–1530 ng l-1. Of those compounds entering the treatment works, 21 of 37 compounds measured were 
detected 2 km downstream at 100% of the concentration they entered the sewage works. A recent review of 
the risks of PPCPs to the environment noted that although there is some evidence to give concern for the 
potential for chronic toxicity in the environment, there is insufficient data yet to indicate a specific threat to 
aquatic communities (Crane et al., 2006). 

 

Hydrocarbons and oil 

Oil pollution is a particular threat in the Severn Estuary owing to the high rate of shipping activity. In addition 
to the relatively minor losses of fuel oil, major spills such as the “Sea Empress” can have more devastating 
and long-term effects. In addition to the immediate physical impact of oil on bird populations and shoreline 
communities, the incorporation of oil into sediments can lead to longer-term remobilisation and effects. An 
early study in 1988 (Killops and Howell, cited by Langston, 2003) reported elevated petrogenic oil 
contamination (eg from a past spill) at Steart flats, near the mouth of the Parrett Estuary.  

 

Polycyclic aromatic hydrocarbons (PAHs) 

PAHs are of particular concern for marine organisms because they are toxic and a number of them are 
metabolised by organisms to form carcinogenic metabolites. Few data are available on PAHs other than to 
indicate localised areas of concentration in the water around some industrialised areas, eg 1150 ng l-1 in the 
vicinity of Port Talbot on the north side of the Severn Estuary (Law et al., 1997). Currently, however, the 
dissolved concentrations measured in limited surveys of the Bristol Channel and Severn indicate that PAH 
concentrations in waters of the Severn Estuary are low compared with other UK industrialised estuaries. 
Contaminant loadings are higher in the sediments with higher percentages of fine particles <63 μm, eg 
primarily between Avonmouth and Severn Beach, Caldicot flats; River Parrett and outer Bridgwater Bay; and 
between the mouths of the Rivers Usk and Taff (Langston et al., 2007). Contaminants in sediments may 
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potentially be more bioavailable as a consequence of the high tidal currents in the Severn Estuary, because 
bed sediments are transported in suspension or as mobile bedload. 

Sources of PAHs in sediments have been investigated on a number of occasions. Data from 1979 (John et 
al., 1979) indicate higher sediment concentrations for PAHs, in this case anthracene, in the rivers feeding 
into the Severn compared with the Severn itself; for example, the concentration measured in sediments of 
the River Taff was 1800 μg kg-1 compared with 300 μg kg-1 for the Severn. Other early studies (Cooke et al., 
1979) measured total PAH concentrations of 9000 μg kg–1 in sediment one mile downstream of the Severn 
Bridge; this included individual PAH concentrations of 470 μg kg-1 benzo(a)pyrene, which is carcinogenic; 
470 μg kg-1 phenanthrene; and 550 μg kg-1 methylphenanthrene. The data are not extensive, but there is an 
indication that anthropogenic sources of PAHs derived mainly from diffuse sources have the potential to 
reach levels that result in some biological effects. 

Data from the Fugro sediment analyses described under the metal section detected measurable PAH 
concentrations in all of the sediment samples.  The total hydrocarbons concentration exceeded the Cefas 
Action Level 1 in all of the samples and the concentration of individual PAHs was above Canadian effects 
threshold levels in twelve of the fourteen sediments sampled and for some of the PAHs up to nine of the 
sediments exceeded the Canadian probable effects thresholds.    

Nutrients 

Nutrient additions to estuaries and coastal water bodies occur both naturally as a result of geological 
weathering, atmospheric deposition and nitrogen fixation by plants, but growth of human populations has led 
to increasing inputs of nutrients from sources such as agriculture, wastewater treatment plants, urban run-
off, and consumption of fossil fuels. As a result, nutrient inputs have increased to several times their natural 
levels to the point that eutrophication is now regarded as one of the greatest threats to coastal ecosystems. 
In the tidal estuary, the potential for nutrient enrichment is determined by the residence time, tidal regime 
and primary production. Elevated nutrient concentrations can lead to increased phytoplankton growth that 
may in turn impact upon dissolved oxygen levels, pH and turbidity. Nitrogen (as nitrate, nitrite and 
ammonium, which together produce total inorganic nitrogen, TIN) and phosphorus are the primary nutrients 
that contribute to increased plant growth and potential for eutrophication. In the Severn Estuary, 
concentrations of nutrients may be sufficient for excessive phytoplankton growth, but high turbidity means 
that light penetration and hence availability is a limiting factor (MPMMG, 1998). 
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5 Potential direct changes that may result from thermal inputs of 
cooling water discharge and relevance to legislation  

 

5.1 Background 

All steam-powered electricity-generating power stations require large quantities of water for cooling. Where 
cooling water is abstracted from and discharged to surface waters, it is important that potential impacts on 
receiving water quality are carefully assessed. The assessment of potential impacts must focus on existing 
regulatory controls and guidance, but also take into consideration how these may evolve. Some of the 
legislation requires that specific standards are not exceeded – these primarily relate to chemical parameters 
– but in other cases the requirement is that water quality status based on a number of biological and physical 
parameters is not negatively influenced by human activities. Good surface water status is one of the principal 
objectives for surface water bodies not designated as heavily modified or artificial. Those designated as 
heavily modified have a target of good ecological potential – that is, to achieve ecological quality that is as 
good as it can be, taking account of the modifications that give it heavily modified status. The other principal 
objective is to prevent deterioration of surface water status (UKTAG, Surface Water classification, 2007). In 
this latter case, particularly in relation to areas that are protected or that have special conservation status, 
there is greater uncertainty as to what constitutes acceptable levels of chemical and physical change to 
water quality and how this links to biological quality elements. 

The primary change to water discharged from power stations is increased temperature. The scale of the 
power station, the configuration of the intake and discharge points and whether there is any level of re-
entrainment of discharged cooling water dictate temperature increase in discharge water. 

The Water Framework Directive (WFD) process has developed water quality standards for temperature 
suitable for application to UK water bodies. These are intended to supersede UK existing standards based 
on the European Freshwater Fish Directive (78/659/EEC), which arose from European Inland Fisheries 
Advisory Commission (EIFAC) water quality criteria first published in the 1960s (Alabaster and Lloyd, 1980). 
Other relevant thermal criteria are associated with the Shellfish (Directive79/923 Shellfish Waters Directive), 
for which a guideline value recommends that for shellfish waters, no more than a 2 ºC rise above natural 
background should result from a thermal input. In interim guidance on marine protected sites (WQTAG 
160,Guidance on assessing the impact of thermal discharges on European Marine Sites cited in Turnpenny 
and Liney, 2006) a 2 ºC rise was suggested as the maximum allowable increase at the edge of a mixing 
zone for Special Protected Areas and Special Areas of Conservation. This interim guidance has been 
superceeded by guidance issued by UKTAG (2008) that recommends that maximum temperatures at the 
edge of the mixing zone should not exceed 23 ºC with maximum uplift of 3 ºC. The principal issues for water 
quality in terms of temperature increase are set out in detail in Table 6 and are summarised as: 

 the acceptable maximum temperature and maximum increase/decrease in temperature in relation to the 
status class of the water body concerned and with respect to specific environmental sensitivities, and the 
potential for thermal barriers to limit fish movement in the estuary 

 the interaction of oxygen concentration and temperature – warmer water at standard air pressure will 
hold less oxygen than it would at lower temperature – leads to the recommendation that maximum 
allowable temperatures are reduced by 4 ºC for every 1 mg of dissolved oxygen per litre (mg DO l-1) of 
water drop below 5 mg DO l-1 

 the interaction of temperature, dissolved oxygen levels, pH change and ammonia toxicity where there is 
potential for impact upon a protected feature or for the development of water conditions that create 
barriers to the passage of migrating or juvenile fish 

 the effect of temperature increase upon the release and bioavailability of sediment contaminants. 
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Table 6 Summary of legislation primarily triggered by the direct and indirect impacts of thermal plumes 
(prolonged elevated temperatures) and chlorination of discharges (toxicity of chlorine produced 
oxidants and by-products, adapted from the Bella Earth Project Report, 2008) 

POTENTIAL ACTION BY POWER PLANT : Thermal Discharge 
Activity Measurement Threshold Consequence Directive 

Thermal 
plume, 
increase in 
temperature 

Temperature of 
surface water 

Set against WFD 
status thresholds 
not >(defined 
value) for more 
than 5% of time 

Temperature and DO part 
of the ecological classn. 
Potential to directly impact 
on the health of biological 
elements. Classn integrated 
into overall ecology. Failure 
of temp or DO results in 
failure of water body  

WFD 
assessment 
from 2009. 
Will continue 
to 2030 

Decrease in 
Dissolved 
Oxygen (DO) 

DO monitoring 
(high frequency) 

DO value no less 
than 4 mg l-1 for 
more than 5% of 
time 

WFD 
assessment 
from 2009. 
Will continue 
to 2030 

Fish 
behaviour,  
fish mortality 

Sub-metrics 
under the fish 
classification 
scheme in WFD 

 

Failure of 
ecological quality 
ratios (EQR) in the 
overall sub-metrics 

 

Changes in fish behaviour 
relating to migration 
patterns and spawning are 
identified in the fish 
classification scheme. 
Change in fish  species 
composition must relate to 
a pressure  

WFD 
assessment 
from 2009. 
Will continue 
to 2030 

Benthic 
invertebrates 

Limited data on the effect of 
temperature on benthic invertebrates 

More information needed  

Change in 
phytoplankton
community  

 

Sub-metrics 
under the 
phytoplankton 
tools 

threshold based on 
30% deviation of 
natural population 
(community 
indicators) 

Significant deviation in 
community composition is 
part of the normative 
definitions and will be 
identified in the 
phytoplankton classification 
tools 

WFD 
assessment 
from 2009. 
Will continue 
to 2030 

Impact on 
SAC biological 
element 

Listed under the 
Habitats Directive 

Measurable change 
in a protected 
species or 
conservation area 

Modification of pressure as 
to eliminate the impact on 
the high conservation 
species or area 

Habitats 
Directive 

 

 

5.2 Natural temperature regime of the Bristol Channel and Severn Estuary 

The effect of thermal inputs from power station cooling water upon the temperature regime of the receiving 
water must be assessed with respect to baseline conditions for the water body concerned. In this summary, 
temperature records from all available sources have been collated into time-series for the previous 37 years 
(Figure 13) and 5 years (Figure 14).  

The annual range of temperature for this region is bounded by a lower limit of 5ºC and an upper limit of 20ºC, 
with occasional values exceeding these limits. 

The main concern regarding water temperature elevation from cooling water input to the inner Bristol 
Channel and Severn Estuary is that specific standard values may be exceeded, or there may be an impact 
on the biology to the extent that the estuary cannot attain or maintain good status under the Water 
Framework Directive, or that protected species or habitats are impacted.  
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Figure 13 37-year time-series of seawater temperatures (°C) for the Severn Estuary and Bristol Channel 
from multiple sources. 
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Figure 14 Time-series covering five years 2004 -2008 for seawater temperatures measured in the Severn 
Estuary and Bristol Channel. 
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Temperature standards may be applied both temporally and spatially and compliance assessed accordingly: 

 temperature may be allowed to exceed a standard value within a given mixing zone from the point of 
discharge 

 temperature may be allowed to exceed a standard value for a given period of time 

 temperature may be allowed to exceed a standard value over a fixed area of a water body (this may 
apply to surface area and cross section). 

Guidance on mixing zones that is more readily applied to tidal waters was finalised in 2010 (Common 
implementation guidance, on setting mixing zones, 2010) with a focus on chemical inputs. The principle of 
mixing zones acknowledges that a standard for a chemical or a physical parameter may be exceeded in a 
discharge, providing dilution is sufficiently rapid to avoid an impact upon the biology of the receiving water 
beyond the point of initial dilution. In this context, the footprint of a discharge for temperature in which a 
standard is exceeded could be considered equivalent to the mixing zone when the area potentially impacted 
meets good practice guidance on cross-sectional area, does not result in the failure of standards set in terms 
of overall temperature increase in a water body, and temperature elevation with respect to particular 
sensitivities does not impact upon a significant percentage of a given habitat type.  

 

5.3 Existing thermal standards in estuarine and coastal waters 

Under the Habitats Directive and the Water Framework directives thermal boundaries have to be established 
to protect the most sensitive taxa. Existing thermal guidelines have mostly been derived from data on fish. 

The Habitats Directive has no specific temperature requirements but requires that European protected 
habitats and species be maintained or restored with strict protection of Annex IV species 

 In 2006 WQTAG 160,”Guidance on assessing the impact of thermal discharges on European Marine Sites” 
cited in Turnpenny and Liney, 2006  recommended interim thermal standards for assessing SAC/SPA sites 
in estuarine and coastal sites under the Habitats Regulations based upon standards contained within the 
Freshwater Fish Directive (summarised in Table 7 and 8).  

Subsequently in a review of temperature standards carried out by Turnpenny and Liney (2006) it was 
recommended that, in order to minimise temperature increases that affect migratory fish species, that in a 
river or estuarine channel, the plume mixing zone should not occupy more than a 25% of the channel cross 
section for more than 95% of the time.  Temperature uplifts at the edge of thermal plume mixing zones had 
been previously described in the Freshwater Fish Directive, with values of 1.5–3.0C, dependent upon the 
species being protected. In the review and development of temperature standards for marine and freshwater 
environments, Turnpenny and Liney (2006) recommend that “for water of high ecological status an uplift of 
2C is applied”. This value being consistent with that set as a maximum allowable temperature for the edge 
of the plume mixing zone for Special Areas of Conservation that include sensitive migratory species such as 
salmonids (Turnpenny and Liney, 2006).  Based upon these recommendations an assessment for the 
Severn Estuary/Bristol Channel would test if there would be a thermal barrier to fish migration by assessing if 
the cross-sectional area of the estuary was affected by a temperature increase of >2C across >25% of a 
cross section for >5% of the time. 
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Table 7 Recommended interim thermal standards in 2006 for assessing SAC/SPA sites (when a site is 
both a SPA and a SAC the most stringent apply) 

 

 

 

 

 

 

 

 

 

 

At Hinkley Point the SAC and SPA designated marine sites overlap and therefore the SAC thermal 
standards would apply. 

The Water Framework Directive, WFD (2000/60/EC) is intended to provide a mechanism by which disparate 
regulatory controls on human activities that have the potential to impact on water quality may be managed in 
an effective and consistent manner. It will supercede the Freshwater fish directive that will be repealed in 
2013. The WFD requires that all transitional and coastal waters (TraC waters) are at least at good status by 
2015. UK TAG (2008) produced draft standards for rivers that it was suggested could be used on an interim 
basis for transitional and coastal waters: 

 

Table 8 UKTAG (2008) draft recommendations for thermal standards for Cold Water (Salmonids) 

 

 

 

 

 

 

 

 

Under this guidance, in order to achieve good status it would therefore be necesary to ensure that maximum 
temperatures at the edge of the mixing zone do not exceed 23C and that outside the mixing zone that 
temperature rises above ambient are limited to 3C 

 

Designation Deviation from ambient Maximum temperature 
Special Protected 
Area 

2C as a Maximum 
Allowable Concentration 
(MAC) at the edge of the 
mixing zone 

28C as an annual 98 
percentile at the edge of the 
mixing zone 

   
Special Area 
Conservation (any 
designated for 
estuary or 
embayment habitat 
and/or salmonid 
species) 

2C as a MAC at the edge 
of the mixing zone 

 

 

Cross-sectional guidance 
2C 25% of the estuary 

for 95% of the time 

Not >21.5C as  
an annual 98 percentile at the 
edge of the mixing zone 

 

Standard High Good Moderate Poor 
Maximum 
temperatues (as an 
annual 98 
percentile) allowed 
at  the edge of the 
mixing zone 20C  

 
 
 
 
23C 

28C  

 
 
 
 
30C 

     
Deviation from 
ambient outside of 
mixing zone 

2C  

 

3C  

 

3C  

 

3C  

 



 

tr186-declassified-vsosr (1)         36 

5.4 Interpretation of existing thermal guidelines 

The interim 2006 thermal guidelines for SACs were derived by transposition of thresholds in the Freshwater 
Fish Directive to marine waters without any substantial evidence base on their suitability. The 21.5C limit 
was set to protect migrating salmonid fish. Later recommendations based on a comprehensive review of 
temperature effects recommended that a cross sectional area criteria should be set to prevent thermal 
barriers to fish migration within river and estuarine channels. 

In 2010 The UK Environment Agency issued “Guidance on Temperature Standards and Environmental 
Permit Requirments – informal guidance pending UKTAG decisions on TraC temperature standards”. This 
document, which was intended to guide both EA staff and NNB developers, states that the Environment 
Agency will use the cold water UKTAG (WFD) standards of 2008 as the basis for determining conditions for 
environmental permits for cooling water discharges from new nuclear power stations. The document also 
states that “in addition to the draft WFD standards, other temperature standards may need to be considered 
in relation to conservation designations and specific conservation objectives” 

In 2011 BEEMS Science Advisory Report SAR008 prepared by the independent BEEMS Expert Panel 
presented evidence that the UKTAG 2008 WFD recommendations should be adopted for TraC waters with 
the single exception that the maximum temperature for High Status should be set at 23C not 20 C. The 
report also recommended that these values would apply equally to the Habitats Directive. 

It is unfortunate that little progress has been made since 2006 on reaching a final regulatory position re the 
application of thermal standards for TraC waters in the UK. This has left a confusing set of interim guidelines 
some of which are not supported by a strong scientific evidence base. After consulting regulators we have 
assessed  the HP modelling results against the standards shown in Table 9. Our independent opinion is that 
such thermal standards are only useful as broad screening tools as we do not consider that it is practical to 
derive a single number that will protective of all features at all sites without imposing an unduly precautionary 
approach. In the companion BEEMS report on the ecology of Hinkley Point (TR184) where we have 
identified potentially sensitive habitats or species we have evaluated the potential impact of HP C at any 
relevant level even if that is below existing thermal or chemical standards. In effect, by specifying standards 
at the edge of the mixing zone, existing regulatory guidelines have the effect of requiring an in depth 
evaluation of the significance of any ecological impacts within the plume and this is what we have done in 
TR184. 

 

Table 9 Water quality thermal assessment criteria applied in this report 

 

Where relevant the 98 percentile 20.4 oC for Hinkley Point, based on the Cefas inshore temperature network 
over a 32 year period to 2009, is used to determine relevant excess values to model. 

All of the thermal modelling results (for both models used in this study) are presented in Appendix C. 

Designated Areas Thermal thresholds (at the edge of the agreed mixing zone) 
For SACs and SPAs a.2006 WQTAG 160 interim guidleines for absolute and uplift 

temperatures (21.5C and 2C respectively) 
  
Special Area Conservation 
(any designated for estuary or 
embayment habitat and/or 
salmonid species) 

b. the maximum cross sectional area criteria  (estuaries should not be 
subject to temperature increase of >2C across >25% of a cross section 
for >5% of the time).  

 
  
For WFD waterbodies UKTAG 2008 cold water standards to achieve Good status  of 23C  

absolute and 3C  uplift (cf current moderate status) 
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5.5 General approach to the assessment of temperature criteria 

In accordance with EA guidance two different hydrodynamic models (Delft3D and GETM) setup by 2 
independent subcontractors were used to predict the temperature changes off  Hinkley Point that may result 
from different HP C power station cooling water intake and outfall combinations. The multi stage approach 
described in BEEMS Technical Report TR135 was used to set up, validate and evaluate the models and to 
produce the plume predictions described in BEEMS Technical Reports TR182 and TR177 from the Stage 3a 
Delft3D and GETM models of the final intake/outfall configuration for HP C. 

The models outputted a selected set of variables every hour that were used to produce time series, means 
and averages. The five runs A to E described below in Table 10 were used to produce detailed thermal 
predictions from both models. 

 

Table 10 Model runs with description of power station combinations 

Run ID Description 
Run A HP B @ 70% 
Run B HP B @100% 
Run C HP C 
Run D HP B @70% + HP C 
Run E HP B @100% + HP C 

 

The use of GIS to present the model results allows the spatial extent of plume, as derived from model output 
to be overlayed with the appropriate Habitats and Water Framework designated areas of concern and areas  
of the plume above defined thresholds to be calculated. 

 

5.5.1 Evaluation of model performances 

The two models are different in many ways; the principle differences being the heat loss schemes. The 
Delft3D model uses an excess temperature model, where the heat loss is primarily a function of the initial 
temperature rise and the wind speed. The GETM model uses meteorological forcing to consider total heat 
loss and gain and a reference run without the power station is subtracted from the original run with the power 
station to calculate excess temperatures in the plume.  

The Delft3D model, which has a higher resolution of approximately 50m in the vicinity of the outfalls, is not 
able to simulate long runs nor variable meteorology and thus shorter runs, over neap and spring tidal periods 
with selected, fixed meteorological conditions have been performed. These data have been averaged to 
investigate mean plume properties over a spring – neap cycle.  

The GETM model has been implemented to run on a mutli-processor parallel cluster and because it is using 
hindcast meteorological forcing it is able to simulate real weather events which means that it can be used to 
test scenarios incorporating meterological extremes that can have a significant  influence upon the model 
predictions. The GETM model has been run over a complete annual cycle,  from 1st December 2007 – 31st 
December 2008. 

Several other differences exist between the two models, the most significant being the initial selection of the 
modelling grid.The GETM model has 100m by 100m  horizontal resolution and 20 layers in the vertical over 
the entire Severn estuary, whereas the Delft3D model has 50m by 50m resolution close to the intake and 
outfall structures and 8 layers in the vertical.  
 
The Stage 3 review of the two models reported in BEEMS Technical Report TR135 concluded that “In the far 
field it is likely that that the GETM model of HP C predicts mean plume temperatures that are approximately 
0.5°C greater than those from the Delft3D model. There is sufficient evidence to be confident that the likely 
true thermal impact lies between the outputs of the two models”. When the predicted plumes from the two 
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models are intersected with protected habitats in the project GIS, the relatively small difference in the 
thermal predictions translates into a large difference in plume areas particularly at excess temperatures in 
the range 1 to 1.75°C (see result tabulations in Appendix C). 
 
The Delft3D results reported in BEEMS Technical Report TR182 were from a simulated period in May 2008 
when there were low winds. Analysis presented in BEEMS Technical Reports TR121 and TR135 and 
subsequent sensitivity testing reported in BEEMS Technical Report TR191 has demonstrated that the 
Delft3D modelling results represent a lower bound estimate of the thermal effects and underestimate the 
extent of the plume compared with that which would be expected from an annual run using real meteorology. 
 
Inspection of the Stage 3a models outputs from GETM and Delft3D showed that the Delft3D model predicted 
significantly more stratification near to the discharge points than did the GETM model. The GETM model of 
HP C has been setup with the conservative assumption that the outfall would discharge evenly at all depths 
under the assumption that the water column would be fully mixed. After comparison of the Delft3D and 
GETM plume vertical structures it was suspected that the near-field mixing characteristics of the outfall 
design had not been approximated sufficiently accurately in GETM resulting in less plume stratification than 
would be expected near to the discharge and unrealistically high levels of heat being mixed into the water 
column. Simulating mixing at the discharge accurately is important to the far field predictions of the plume 
extent because power station discharges are normally designed to put as much heat as possible onto the 
surface where it will be lost to the atmosphere rather than mixed into the water column where it could 
potentially effect sensitive organisms particularly on the bed. In hindsight the selection of a 100m resolution 
at the outfall for the GETM model is now considered somewhat too coarse to accurately simulate the initial 
formation of the plume from the final HP C configuration of 2 outfall heads. 
 
Sensitivity tests reported in BEEMS Technical Report TR191 demonstrated that the GETM far field 
predictions at the bed are indeed sensitive to the initial assumptions surrounding mixing at the outfalls. This 
initial work has demonstrated that the GETM results presented in TR177 are conservative and represent the 
high bound for far field plume temperature predictions at the bed.  Work is continuing to produce an evidence 
based approach to refining the initial mixing conditions for the GETM model but until that work is complete 
the Stage 3a GETM model outputs have been used for assessing water quality compliance with regulatory 
thresholds in this report as the model predictions are considered precautionary. 
 
For completeness the outputs from both the GETM and Delft3D models for all runs A- E are presented in 
Appendix C but in accordance with the description above only the GETM outputs have been used for 
assessment purposes in this report. 
 
 
 

5.5.2 Thermal assessments made against temperature standards 

Five different assessments were made against temperature criteria and these are summarised in Figure 15.  
Where relevant the 98 percentile 20.4 C for Hinkley Point, based on the Cefas inshore temperature network 
over a 32 year period to 2009, is used to determine relevant excess temperature values to model.  
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Figure 15 Assessments made against temperature standards using both models1 

WFD
Good

>20 - 23oC
Moderate
>23 - 28oC

Good/Moderate
+2.6oC

Moderate/Poor
+7.6oC

Calculate area 
waterbody affected by 

mean excess
>2.6 or >7.6oC 

SAC

Cross-sectional 
guidance ≤2oC 

25% of the 
estuary for 95% 

of the time

Calculate cross-section 
affected and frequency

Exceeding 2oC 

WFD
High /Good
Uplift ≤2oC 

Good/Moderate
Uplift ≤3oC 

Calculate area 
waterbody affected by 

mean excess uplift 
>2.0 and >3.0oC 

SPA/SAC
98 percentile
Not >21.5oC

Background 
98 percentile

+1.1oC

Calculate area 
>+1.1oC

SPA/SAC
2.0oC as 

maximum 
Calculate area affected 
by mean excess >2.0oC 

 

 

 

 

 

 

 

 

1 These assessments apply interim guidelines for SPAs and SACs (21.5 oC absolute temperature and 2 oC uplift) but a recommended 

update to these values that is  considered most in line with current Agency thinking is presented in Appendix C 
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5.6 Temperature elevation predicted for sensitive SAC/SPA habitats 

Environment Agency guidance on applying the Habitats regulations to water quality permissions to discharge 
(Operational instruction 141_07, 2008) suggests that site based standards such as those recommended 
under the Water Framework Directive are applied but also makes reference to water quality related to 
guidance on Marine Protected Areas (WQTAG 160,Guidance on assessing the impact of thermal discharges 
on European Marine Sites, also cited in Turnpenny and Liney, 2006). An interim standard value derived from 
the Freshwater Fish Directive (based on EIFAC published in the 1960’s and reported in Alabaster and Lloyd, 
1980) recommended a 98 percentile value not > 21.5 °C which is particularly targeted at the protection of 
salmonid fish for which migratory passage is already considered in the cross-section guidance value. The > 
21.5 °C is presented here but the approach recommended by the BEEMs expert panel (BEEMS Science 
Advisory Report Series (2010) SAR008) considers it more consistent and appropriate to read across the 
more rigorously derived thermal threshold of 23 °C as a 98 percentile for good status as applied under the 
Water Framework Directive to the SAC and SPA and this is shown for comparison Appendix C. 

To compare power station effects on water temperature against the 21.5oC standard the annual average 
mean due to the station has been added to the observed 98 percentile value (20.4 degree) derived from the 
Cefas inshore temperature network. Any values that exceed 1.1°C above background assessed at the 
surface and the sea bed would exceed this criterion.  Based on modelling using GETM the area of 
exceedence is compared to the area of the SAC and SPA and the results for the new station C on its own 
and in combination with station B are shown in Table 11.  Results for Hinkley B on its own calculated using 
GETM as well as all results calculated using Delft3D are shown in Appendix C.  

 

Table 11 Area of interaction of the plume predicted by GETM with the designated regions where it exceeds 
21.5°C as a 98 percentile at the surface and bed.  

Area of plume >21.5°C at bed at surface 
       SPA SAC SPA SAC 

Run C: HPC 1510 ha  
(6%) 

2452 ha 
 (3%) 

1377 
(6%) 

2408 
3%) 

     Run D: HPC + B(at 
70%) 

1674 ha  
(7%) 

2681 ha  
(3.6%) 

1615 
(6%) 

2713 
(4%) 

 

At Hinkley Point it is considered that seabed temperatures are the most important as benthic species are 
particularly important to the habitats assessment for this area. Based upon the above results and subject to 
regulatory decisions re mixing zones it is likely that neither HP C nor  HP C and HP B in combination would 
meet this criterion.  The SPA is the intertidal region,  where the water depths are relatively shallow. The 
plume at 1.1 °C is well mixed  (away from slack tide )in these shallow regions, thus the surface and bed 
plumes on the incoming tide are almost identical.  At high water , the water column will be deeper , with  low 
mixing for the period of slack water, so that cooling will occur on the surface, without strong vertical mixing.  
As the tide picks up the plume will again become  well mixed.  Over all this leads to a small  increase in  the 
annually averaged mean at the bed, in the intertidal regions. In the SAC, the surface plume does extend 
further than the bed plume. This is because the water depth is much greater and the plume maintains 
stratification for a much greater distance, so that the surface is greater than the bed.  

Applying the 2006 WQTAG 160 standards for uplift temperatures to the SAC and SPA, the area of plume at 
the surface and bed that exceeded the 2°C standard as an annual average mean was calculated.  Based on 
modelling using GETM the area of exceedence is compared to the area of the SAC and SPA and the results 
for the new station C on its own and in combination with station B are shown in Table 12.  Results for Hinkley 
B on its own calculated using GETM as well as all results calculated using Delft3D are shown in Appendix C. 
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Table 12 Area of interaction of the plume predicted by GETM with the designated regions where it exceeds 
2°C as an annual average at the surface and bed.  

Area of plume >2°C at bed at surface 
       SPA SAC SPA SAC 

Run C  
GETM 

307 ha 
(1%) 

528 ha 
(0.7%) 

237 ha 
(1%) 

573 ha 
(1%) 

     Run D: HP C + B(at 70%) 1180 ha 
(5%) 

1802 ha 
(2%) 

1118 ha 
(4%) 

1843 ha 
(2%) 

 
 

In terms of a temperature uplift of 2C at the edge of the mixing zone, HP C may meet the thermal criteria. 
But HP C and HP B in combination (even at HP B’s current 70% power level) would be unlikely to meet the 
criteria. 

5.7 Temperature elevation predicted for cross section 

Good-practice design objectives ( for minimising temperature increases that affect migratory fish species 
recommend that “in a river or estuarine channel, the plume should not occupy more than a certain 
percentage of the channel cross section for more than a stated percentage of the time” (Turnpenny and 
Liney, 2006). The guidance goes on to recommend “that this limit should also be included in UK standards, 
such that the mixing zone should be contained within ≤25% of the channel cross-sectional area for 95% of 
the time”. Temperature uplifts at the edge of thermal plume mixing zones have been previously described in 
the Freshwater Fish Directive, with values of 1.5–3.0C, dependent upon the species being protected. In the 
review and development of temperature standards for marine and freshwater environments, Turnpenny and 
Liney (2006) recommend that “for water of high ecological status an uplift of 2C is applied”. This value is 
consistent with that set as a maximum allowable temperature for the edge of the plume mixing zone for 
Special Areas of Conservation that include sensitive migratory species such as salmonids (Turnpenny and 
Liney, 2006). The temperature modelling assessment for the Severn Estuary/Bristol Channel therefore 
considers thermal barriers to fish migration by assessing the cross-sectional area of the estuary that is 
affected by a temperature increase of >2C across >25% of a cross section for >5% of the time.  

In order to provide an assessment of the impact of the power station outfall on the potential for at least partial 
occlusion of the Bristol Channel and River Parrett, four sections have been identified for analysis. The location 
of these sections as used for the modelling is shown in Figure 16.  In relation to the fish migration four 
sections were considered. No cross section exceedence was predicted for Hinkley C for the criterion not > 2 
°C difference across > 25% of the cross section (Table 13).  The only exceedence was for one cross section 
(section B, Table 14) and only for the combined B at 100% + C (scenario Run E).  However it should be 
noted that the Parrett consists of a twin channel and the northern most is not affected by the plume. So that 
a migratory channel exists even in the few cases when a potential failure condition is identified (Figure 17 
and 18).  Scenarios which incorporate wind forcing (BEEMS Technical Report TR121), and include a slightly 
higher heat loss indicate that this potential breach only occurs during one particular wind condition.  
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Figure 16 Location plot for Delft3D and GETM  models showing location of cross sections points A-D for 
which an assessment of thermal occlusion was made 

 
Modelling results, using the GETM model from an annual analysis (BEEMS Technical Report TR177) were 
assessed for each of the cross sections A to D for each GETM model run. Analysis of the annual results 
show that only cross section B (Stolford to Burnham-on-Sea) and C displayed potential failures.   However, 
in both cases there were only a few annual events and neither cross section indicated breaches of the 
criteria for more than 5% of the time and, therefore, neither failed the criteria.  Cross section assessments 
using GETM were also made for Hinkley B by itself and all assessments were also made using Delft3D and 
these results are shown in Appendix C.  

 

Table 13 Proportion of time as a percentage that 25% of the cross-section is predicted by GETM to exceed 
the background by 2oC 

No of Excess Temperature Events where the cross 
sectional area at >2C is > 25% of the transect 

 

           Transect        Run C 
A 0 
B 0 
C 0 
D 0 

No of Excess Temperature Events where the cross-sectional 
area >= 2C is in the range 0.1% -  25% of the transect Run C 

A 0 
B 0 
C 75 
D 0 
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Table 14 Incidence at hourly intervals that 25% of the cross-section is predicted by GETM to exceed the 
background by 2oC and annual percentage breach based on the sum of these incidents 

No of Excess Temperature 
Events where the cross 
sectional area at >2oC is > 
25% of the transect 

   Breach Annual % 

           Transect Run D Run E Run E   
A 0 0 0% 
B 7 28 0.39% 
C 0 4 0.05% 
D 0 0 0% 

No of Excess Temperature 
Events where the cross-

sectional area >= 2C is in the 
range 0.1% -  25% of the 

transect Run D Run E 

 

A 0 0  
B 26 54  
C 766 1461  
D 0 0  

 

 

Figure 17 GETM predicted excess temperature (>2˚C) across transect B  (from South West to North East),– 
during late flood tide 17:00 on 20/07/2008 for  Scenario E: Hinkley C plus Hinkley B  

 

For the main section across the Severn, it is apparent that there is no failure for the criteria associated with 
migratory fish. For the River Parrett there are periods when a temperature excess >2˚C affects more than 
25% of the channel but in the GETM predictions this is for much less than 5% of the time.  However as 
discussed above the Northern most channel of the Parrett remains unimpacted by the plume.  
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Figure 18 GETM predicted occurrences of excess temperature (>2˚C) during a tidal cycle across transect B  
(from South West to North East),– during August 2008 late flood tide 20/07/2008 for  Scenario E: 
Hinkley C plus Hinkley B  

 

Migratory species may enter rivers either as juveniles (e.g. eels) or mature adults (e.g. salmonids, shad, etc). 
These fish are thought to detect the discharge from rivers, probably by sensing changes in salinity and flows, 
and some species (e.g. salmon) also respond to chemical cues (e.g. pheromones) in the water such that 
they can home to a specific river. The ability of these species to detect these stimuli is not expected to be 
influenced by the changes in temperature likely to occur in the estuary as a result of the discharge of cooling 
water as the ability of a number of species to avoid TRO appears to be enhanced at higher temperatures 
whilst those of other species such as the Coho salmon Oncorhynchus kisutch did not demonstrate any 
different in avoidance response (Stober et. al., 1980).  

When considering the actual impact on wildlife species of paticular relevance to the habitats designations it 
is important to consider available information on thermal tolerance and avoidance behaviour when presented 
with temperature differences.  Temperature increases of >2˚C may not be significant deterrent to the 
movement of a number of important species as experimental studies have shown that salmonids and smelt 
will tolerate temperature increases of up to 4oC above background (Wood and Turnpenny, 1994), and for 
juveniles of other estuarine species, temperature increases of up to 12oC were not avoided by species such 
as eel, common goby and flounder (Jacobs, 2008).  The limited time for which the standad value is 
exceeded, the fact that a channel of unaffected water remains available under all predicted runs and that key 
species are tolerant of higher temperature differentials than required by the standard suggest that the 
thermal extent and duration are unlikely to significantly impact migratory fish passage to the Parrett estuary. 
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5.8 Temperature elevation predicted for Water Framework Directive (WFD) 
water bodies  

The waters around the mouth of the River Parrett to the east of Hinkley Point are defined as a candidate 
Heavily Modified Water Body (cHMWB) and characterised as having moderate ecological potential.  The 
waters between the west of Hinkley Point and Porlock Bay (WFD water body Bridgwater Bay) are 
characterised as moderate ecological status (Environment Agency, 2009a,b; Figure 19). 

 

Figure 19 The position of Hinkley B and C relative to Water Framework Directive water bodies for the Bristol 
Channel and Severn Estuary, including the Parrett and Bridgwater Bay water bodies for which 
maximum temperature increase assessments were made.   

 

The Moderate status maximum temperature under WFD is 28C as a 98 percentile (UK Environmental 
standards and conditions Phase 2, 2008). However, one of the main objectives of WFD is for water bodies to 
achieve Good status by 2015. For Good status 98 percentile temperatures must not exceed 23C. Based on 
temperature records collected from a WaveRider buoy located at the Scarweather site, 20 km west of 
Hinkley, the mean surface value from 2005 to 2008 was 12.7ºC, and the 98 percentile was 18.4ºC; the mean 
value for readings taken at Hinkley Point from 1975 to 2009 was 12.5ºC, with a 98 percentile of 20.4ºC so 
this latter value was used in subsequent calculations. This value has also been adopted for the Parrett 
waterbody as there is insufficient historical data for this waterbody to make a separate reliable assessment. 

Heat content for each of the two main water bodies was calculated as an average increase for the WFD-
defined area encompassing each for both the surface and bed. Two assessments were made in relation to 
the Waterbody assessment,one to consider the influence of temperature upon the overall status class and 
one to take account of the effect upon temperature uplift.    

 A 2.6°C mean temperature increase above an assumed 98 percentile of 20.4 °C would exceed the 23°C 
temperature boundary for good/moderate status in terms of temperature and bring the waterbodies into the 
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moderate status.  This assessment for the designated areas indicates that there is a very small area of 
exceedence indicated by the GETM model (Table 15).  Based on the GETM outputs when Hinkley B and C 
are combined (Table 16) relatively larger areas of the Parrett estuary are indicated to exceed this 
temperature criterion.  These results indicate that, subject to regulatory decisions on acceptable mixing 
zones, that there is a high likelihood that Bridgwater Bay and the Parrett Estuary could achieve Good status 
and Good ecological potential respectively in terms of this temperature criterion when Hinkley C is 
operational.  When Hinkley B and C are in combination it is considered unlikely that Good status or potential 
could be achieved particularly if Hinkley B were operating at 100% output. 

 

Table 15 Interaction of the plume with WFD designated waterbodies for HP C.  A mean temperature 
increase of 2.6°C above an assumed 98 percentile of 20.4 °C would equal the temperature 
boundary for good status (23°C) – the associated areas that exceed this are shown relative to the 
waterbody area. 

Area of plume 
>23°C 

at bed at surface 
Parrett Estuary 
(7069.01 ha) 

Bridgewater Bay 
(9183.47 ha) 

Parrett Estuary 
(7069.01 ha) 

Bridgewater Bay 
(9183.47 ha) 

Run C  
GETM 

0 ha 2 ha (0.02 %) 0 ha 
 

38 ha (0.41 %) 

      

Table 16 Interaction of the plume with WFD designated waterbodies for HP C in combination with HP B.  A 
2.6°C mean temperature increase above an assumed 98 percentile of 20.4 °C would equal the 
temperature boundary of 23°C for good/moderate status – the associated areas that exceed this 
are shown relative to the waterbody area. 

Area of plume 
>23°C 

at bed at surface 
Parrett  
Estuary 

Bridgewater Bay 
 

Parrett Estuary 
 

Bridgewater Bay 
 

Run D  
GETM 

879 ha (12 %) 57 ha (0.6%) 812 ha (11%) 246 ha (3%) 

      

Although the Water Framework Directive sets maximum temperature boundaries for different WFD status 
classes in transitional and coastal waters, it also sets maximum allowable temperature increase values (or 
uplift) within those classes so that the ecology is not impacted. The temperature uplift is considered in terms 
of a 3°C mean increase across the waterbody area for both Bridgwater Bay and Parrett waterbodies which is 
consistent with good status (or good ecological potential) under the Water Framework Directive (Table 17). 

Table 17 Interaction of the plume with WFD designated waterbodies for HP C.  A mean temperature 
increase of 3.0°C would equal the uplift criterion for good status (or good ecological potential). 
The associated areas that exceed the uplift value are shown relative to the waterbody area. 

Area of plume 
>3°C 

at bed at surface 
Parrett Estuary 
(7069.01 ha) 

Bridgewater Bay 
(9183.47 ha) 

Parrett Estuary 
(7069.01 ha) 

Bridgewater Bay 
(9183.47 ha) 

Run C  
GETM 

0 ha  0.4 ha 
(<0.01 %) 

0 ha      9 ha  
(0.10 %) 

      

For the operation of HP C the mean temperature at the seabed using the GETM model does not exceed 
3.0°C except for a very small area of sea bed in Bridgwater Bay (Table 17).   

Temperature excess was also modeled for combined effects of Hinkley B and C for a temperature >3.0°C 
(Table 18).  Under the in combination runs relatively large areas of sea bed are affected by temperature 
increase >3.0°C, the main areas are in the Parrett when temperature uplift >3.0°C occurs across a maximum 
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area of 764 ha of the bed of the Parrett. Predictions for Hinkley B alone and for all Delft3D runs are shown 
for information in Appendix C. 

 

Table 18 Interaction of the plume with WFD designated waterbodies for Hinkley C in combination with 
Hinkley B.  Temperatures above 3.0°C mean temperature increase would exceed the uplift 
criterion for good status (or good ecological potential).  The associated areas that exceed this 
uplift value are shown relative to the WFD waterbody areas. 

Area of 
plume >3°C 

at bed at surface 
Parrett 
Estuary 
 

Bridgewater 
Bay 
 

Parrett 
Estuary 
 

Bridgewater 
Bay 
 

Run D 
GETM 

384ha  
(5%) 

6ha  
(0.1%) 

385ha  
(5%) 

41ha  
(0.4 %) 

      

 

5.9 Influence upon the predicted impact of thermal inputs under 
maintenance conditions (Worst case flow, highest temperatures) 

Simulations were run of the condition when both HP C reactors are operating at normal capacity but only half 
the number of cooling water pumps are operating (2 out of 4), leading to reduced cooling water flow at an 
increased discharge temperature. These flows have been modelled at 62 m3s-1 and 25°C delta T. The 
temperature fields have been generated using the same approach as the other modelling scenarios by 
running a whole annual cycle and differencing the values from the reference run to produce mean, max and 
95 percentile fields. 

Broadly the warmer plume leads to a stronger stratification and therefore more rapid rate of heat loss to the 
atmosphere. Temperatures in the near field around the discharge are greater, whereas those in far field are 
reduced. This is evidenced by the mean temperature fields (Figure 20 and Table below) which demonstrate 
that at the surface near the discharge, temperatures are higher, but there is little to no difference away from 
the discharge. For the bed the increased discharge temperature has a beneficial effect and reduces the likely 
bed temperatures Figure 21. Thus as the extent of the plume at the bed is less than the standard case 
(RUNC ), then this needs not be considered further in relation to ecological impact from the thermal view 
point. However, the increased temperatures may lead to reduced oxygen levels or increased unionized 
ammonia compared to the standard runs so the outputs from these annual runs were also used to derive 
worst case dissolved oxygen and un-ionised ammonia concentrations.  

For TROs the total discharge is reduced when the cooling water flow is reduced and is approximately half 
that of the standard case, thereby reducing any potential environmental impact. 

 

 

 

 

 

 

 

 



 

tr186-declassified-vsosr (1)         48 

 

 

 

 

 

 

 

 

Figure 20 Annual mean excess surface temperature RUN C (left figure) and maintenance condition (right) 

 

 

 

 

 

 

 

 

Figure 21 Annual mean excess sea bed temperatures RUN C (left figure) and maintenance condition (right).  

 
 
Table 19 Comparison of areas of between the standard HP C run and maintenance test condition (areas in 

Hectares) 
 

Run C Run C maintenance test 

Temperature Surface  Bed Surface Bed 
0.75 5437 5149 6246 5752 

1 3884 3743 4476 4187 
1.25 2645 2578 3044 2860 

1.5 1888 1822 1879 1826 
1.75 1153 1130 1036 1002 

2 580 531 323 260 
2.25 196 123 139 8 

2.5 52 3 65 3 
2.75 23 1 33 2 

3 9 0 17 1 
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5.10 Climate change influence upon the predicted impact of thermal input 

As the Water Framework Directive sets out to “protect, enhance and restore all bodies of surface water and 
groundwater with the aim of achieving Good status for surface water and groundwater by 2015” (UK, 
Environmental standards and conditions Phase 2, 2008), it is important to consider how climate change may 
influence achieving Good ecological potential in the Transitional Water Parrett Estuary and Good status in 
the Coastal Water body Bridgwater Bay. However, before considering the implications of any change to 
status resulting from thermal inputs overlaid on baseline conditions affected by climate change, it should be 
noted that the actual baseline status itself may be judged to have changed. This point is picked up by 
UKTAG in setting surface water classification (UKTAG, 2007, 2008). It is noted that it is difficult to separate 
the effects of climate change from natural changes in the water environment, changes in the use of the water 
environment, and effects of other long-term changes, such as changes in the atmospheric deposition of 
pollutants. 

Surveillance monitoring may pick up changes that result from climate change, particularly if the results can 
be aggregated across the UK or even Europe, or if data are collected over a long period. Part of the 
surveillance network is designed to do just this. Where changes from climate change have reached a level 
sufficient to affect status classification, the agencies will need to decide whether: 

a) the reference conditions used in defining the class boundaries for the different biological quality 
elements are revised so that they, and consequently High and Good status, reflect the prevailing climatic 
conditions; or 

b) impacts on status resulting from the direct effects of climate change are reflected in classification results. 

UKTAG recommends that any decision to revise reference conditions is coordinated across the UK. 

The future climate will almost certainly be warmer; however it may be windier or calmer; drier or wetter. How 
the thermal plume responds under these conditions is therefore investigated.  

Conditions which relate to chosen periods were analysed and averaged and then compared to the annual 
average mean:  

1. Strong westerly winds - as would be expected, conditions of high wind speed lead to a greater rate 
of heat loss to the atmosphere, however, in certain areas, such as the mouth of the Parrett, the 
increased advection of the plume, and to lesser extent increased vertical mixing, produces increases 
of approx 1 °C in the bottom temperature over the mean.  

2. Calm summer conditions - these conditions were investigated because heat loss is likely to be 
minimal under calm conditions. Due to the reduction in heat loss, surface excess temperatures 
increased and to a lesser extent so did the bottom temperatures. In other areas there was a slight 
reduction in excess value because of the reduction in the wind driven element of the current. 
Increases were typically 0.7 °C although other areas decreased by slightly smaller amounts.  

3. Heavy rainfall – the effect was relatively small, but pushed the plume to the bed in some areas and 
therefore increased the excess bed values, while reducing values in others.  

4. Cool winter conditions – the effect of cool winter conditions with moderate northerly winds produced 
the most significant increase on excess temperature conditions. The reduction in wind (from mean) 
reduces lateral mixing in the plume and also reduces surface cooling. The northerly winds did 
displace the plume closer onshore and also mix down so that there was greater impact at the bed. 
Also as the heat was being retained in the surface for longer it was also available to be mixed down 
by the tides, so that bottom temperatures along the tidal excursion also increased 

The implication of these results to a future climate is not simple. If a future climate has the same 
characteristics as the present climate, but just warmer, then the excess temperature means calculated here 
will be entirely valid and could be linearly imposed on an increased background temperature field. If the 
future climate is slightly less windy then this may have a greater impact on the bottom temperatures and the 
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biota that live there.  However, during very calm periods the effect on the bed is small and is some cases 
reduced due to increased stratification.  Rainfall events appear to have relatively little effect. 

Thus the mean excess temperature field (as opposed to maximum temperature) is defined by the tides and 
the wind and is less sensitive to air or sea temperatures.  However, the UKCIP02 (Hulme et al., 2002) and 
UKCP09 (Lowe et al., 2009) predictions ascribe very low confidence to model predictions for wind speed in a 
future climate. The most robust assumption is therefore to assume that a future climate will have a similar 
distribution of wind speeds and direction to the present climate. Thus while maximum sea temperatures will 
be affected by a general rise in sea temperatures, as a consequence of climate change, parameters which 
relate solely to excess temperature, for example barriers to fish migration, or recirculation will be unaffected 
and present estimates the most valid. 

 

5.11 Summary of potential effects of power station thermal inputs upon Water 
Framework and Habitats Directives legislation and guidance 

Tables 19 and 20 summarise the outcomes of the three assessments of thermal effects upon species and 
habitats and Water Framework standards for Hinkley C. Even though a number of model predictions for 
different configurations would fail based on the strict criteria for cross section or overlap with sensitive 
habitats, it could be argued that some of the temperature increases are localised and biological effects may 
be insignificant.  

 

Table 20 Assessment of HP C on its own and in combination with HP B - likely compliance with different 
maximum temperature standards applied to transitional and coastal waters under various 
directives and guidance. 

Designation 
Maximum 
temperature 

Runs for which modelled data meet designation 
needs subject to regulatory decisions on acceptable 
mixing zones 
Discharge 125 m3 

Special Area 
Conservation (any 
designated for 
estuary or 
embayment habitat 
and/or salmonid 
species) 

Not >21.5C as  
an annual 98 
percentile at the 
edge of the 
mixing zonea 

 

Unlikely to be met by HP C  

Unlikely to be met by HP C in combination with HP B 

WFD Good/Moderate 

boundary Status 

Not >23C as an 
annual 98 
percentileb  

Met for Hinkley C on its own 

 

Unlikely to be met by HP C in combination with HP B for 
the Parrett estuary waterbody 

 

a GETM compared heat elevation predicted to intersect with areas of known sensitivities. Based on the baseline 98%, an 
addition of 1.1C (for 21.5C assessment) (Table 11). For some runs, habitats in close proximity to the discharges that 
exceed the maximum value may be judged to be within the mixing zone so these too could be acceptable. 
b The same calculation is applied for Good Status or Good ecological potential from the baseline 98% an addition of 
2.6C (for the 23C) (Tables 15 and 16) 
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Table 21 Assessment of Hinkley C on its own and in combination with Hinkley B - likely compliance with 
uplift temperature standards applied to transitional and coastal waters and cross-sectional areas 
under various directives and guidance  

Designation Deviation from ambient  

Configurations for which modelled data meet 
designation needs subject to regulatory 
decisions on acceptable mixing zones 
Discharge 125 m3 

Special Protected 
Area  

(when both SPA 
and SAC most 
stringent apply) 

2C as a Maximum 
Allowable Concentration 
(MAC) at the edge of the 
mixing zone a 

May be met for HP C on its own  

 

Unlikely to be met by HP C in combination with 
HP B 

Special Area 
Conservation (any 
designated for 
estuary or 
embayment habitat 
and/or salmonid 
species) 

Cross-sectional guidance 
2C 25% of the estuary for 
95% of the timeb 

Met for HP C and HP C in combination with HP B 

 

WFD 
Good/Moderate 
Status 

3C uplift c 

Met for HP C on its own 

 

Unlikely to be met by HP C in combination with 
HP B for the Parrett estuary waterbody 

a Both models compared heat elevation predicted to intersect with areas of known sensitivities. Based on the baseline an 
addition of 2C(Table 12).  For some runs, habitats in close proximity to the discharges that exceed the maximum value 
may be judged to be within the mixing zone so these too could be acceptable. 
b Cross-sectional guidance 2°C as a maximum increase across 25% of the estuary for 95% of the time (Tables 17 and 
18). 
c Uplift was considered for the water body by modelling average temperature increase in the WFD Parrett and Bridgwater 
Bay water bodies.  
 
 
Based upon the preceding assessment of potential thermal inputs from the Hinkley Point new build, Table 21 
sets out the potential areas of risk with respect to not meeting compliance with UK Regulation for HP C on its 
own and Table 22 includes HP C and B in combination. 

With the development of standards under the Water Framework Directive it is considered consistent that the 
same thermal criteria apply to European Marine Sites (SACs and SPAs) and this assessment is shown in 
Appendix C. However the interim standards are presented here: the 98  percentile threshold value of <21.5 
C is applied as is the uplift standard of <2 C.  HP C on its own may meet the uplift criterion dependent 
upon what is considered an appropriate mixing zone (Table 21) but is unlikely to meet the <21.5 C.  Hinkley 
C in combination with HP B  is unlikely to meet either the interim uplift criterion or a 98 percentile <21.5 C 
(Table 22). 

 In terms of cross-section area of the Parrett impacted by 2.0 oC increase above background  over more than 
25% of the channel for more than 95% of the time there are some failures indicated but these occurred with 
a low frequency and only in the case of Run E the most extreme of the scenarios (including HP C and 
Hinkley at 100%).  Even for run E a separate channel of the Parrett remained unimpacted.  For these 
reasons significance is considered minor for HP C and for HP C  in combination with HP B. 

The implication of climate change to the thermal assessments made here is not simple.  But there is an 
assumption of warming and therefore an increased background temperature therefore the significance of the 
assessments has been raised to take this into account. 
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Table 22 Risk of different temperature thresholds being exceeded by power station operation and their 
implication for compliance with UK regulation – assessment for HP C alone. 

 

Thermal criteria   

Threat Impact 

Level of 
significance 
in terms of 
non-
compliance 
with 
regulatory 
thresholds1 

 

Not meeting Habitats 

Directive requirements for 

SPAs and SAC 

Not >21.5C as an annual 98 percentile at the edge 

of the mixing zone.  This is not met for Hinkley C.   

Temperature elevation of >2C. HP C may be met. 

 

Based on strict application of cross-sectional 

temperature changes, modelling indicates that all 

cross sections passed the assessment.   

 

Major 

 

 

 

 

Minor  

Not meeting WFD 

requirements for Good status 

In terms of meeting Good status or good ecological 

potential, the requirements for temperature 

thresholds and uplift standards appear achievable  

 

Minor  

Implication of climate change 

to Habitats requirements 

Up to the 2020s, compliance may still be possible 

based on temperature increases alone, but by the 

2050s, it is less likely that the relevant criteria can 

be met; however, water-body status may be 

reassessed  

Moderate 

 

Implication of climate change 

to WFD requirements 

Up to the 2020s, compliance may still be possible 

based on temperature increases alone, but by the 

2050s, it is less likely that the relevant criteria can 

be met; however, water-body status may be 

reassessed 

Moderate 

 

1The level of significance is based on the criteria set out in Table iii  
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Table 23 Risk of different temperature thresholds being exceeded by power station operation and their 
implication for compliance with UK regulation – assessment for HP C in combination with HP B 

Thermal criteria   

Threat Impact 

Level of 
significance in 
terms of non-
compliance 
with regulatory 
thresholds1 

 

Not meeting Habitats 

Directive requirements 

for SPAs and SAC 

Not >21.5C as an annual 98 percentile at the edge of 

the mixing zone.  There is exceedence for C in 

combination with B for the SAC and SPA with moderate 

areas of the seabed and surface likely to fail this criteria.  

A similar situation exists for temperature elevation of 

>2C for Hinkley C in combination with B.. 

 

Based on strict application of cross-sectional 

temperature changes, modelling indicates that all cross 

sections passed the assessment.   

Major  

 

 

 

 

 

Minor 

 

Not meeting WFD 

requirements for status 

In terms of meeting Good status or good ecological 

potential, the requirements for temperature thresholds 

and uplift standards appear unlikely to be achievable for 

the Parrett estuary waterbody even with HP B at 70%. 

Major 

Implication of climate 

change to Habitats 

requirements 

Unlikely to meet criteria even at current temperatures Major  

Implication of climate 

change to WFD 

requirements 

Unlikely to meet criteria even at current temperatures Major  

1The level of significance and receptor value are based on the criteria set out in Table iii  
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6 Potential direct changes that may result from chlorinated inputs of 
cooling water and relevance to legislation 

 

6.1 Background  

If any of the different barrage schemes go ahead (which is currently unlikely), the tidal regime of the Severn 
will change to the extent that the suspended particulate load in the vicinity of the power station will be 
considerably reduced. Currently the scouring action of the suspended material is considered to be beneficial 
in minimising fouling of the cooling system. Without the scouring action of the suspended sediment, 
therefore, it may be necessary to begin to use biocides. Cooling water in power stations frequently has 
chlorine added to remove bacterial slimes from the heat exchange surfaces, and at coastal sites this also 
prevents the settlement of larger fouling species, eg mussels. In seawater, bromine replaces the chlorine 
and in this case it is the equivalent bromo-compounds produced that are responsible for antifouling activity. 
The principal issues for water quality in terms of chlorine addition relate to exceeding environmental quality 
standards (EQSs) and potential toxicity from: 

 The residual level of chlorine-produced oxidants beyond the mixing zone for the cooling water discharge. 
The Environmental Quality Standard (expressed as a maximum allowable concentration) of total residual 
oxidant (TRO) is set as 10 μg l-1 at the edge of the defined mixing zone  

 The effect of TRO on entrained organisms and its relative importance to the status of the water body as 
a whole 

 Various non-oxidising chlorinated by-products (CBPs) produced following reaction with organic matter in 
seawater and potential for effects and/or bioaccumulation within and beyond the cooling water plume. 

The legislation triggered by the issues described above is set out in Table 23.  

 

Chlorine is one of the most common biocides used to prevent biofilm development and the establishment of 
macrofouling organisms, eg mussels, in industrial cooling water systems. In estuarine/marine systems 
chlorine reacts with the bromine in seawater to form hypobromous acid and hypobromite. The biocidal 
activity in seawater is therefore ultimately delivered by bromination of the water. Chlorine addition is typically 
at dosage levels of 0.5–1.5 mg l-1 (expressed as Cl2) – owing to the oxidant demand of the water, this results 
in total residual oxidant (TRO) levels of 0.1–0.2 mg l-1 in the cooling water (Jenner et al., 1997). As a result of 
dilution of the cooling water and additional demand on the chlorine-produced oxidants, the level of total 
residual oxidants is considerably reduced in the receiving water in close proximity to many discharges, eg 
cooling water plume studies at Heysham and Sizewell power stations in the UK found that TRO levels were 
at 0.02 mg l-1 at the point of discharge and fell below 0.01 mg l-1 just over 1 and 2 km from the discharge 
point at each site respectively (Jenner et al., 1997). Acceptable levels of TRO in the environment are 
assessed after taking account of a mixing zone within which concentrations of TRO may exceed quality 
standard levels established for the wider environment (Technical guidelines for the identification of mixing 
zones, 2010). Under the Water Framework Directive (proposed EQS for Water Framework Directive, Annex 
VIII, Science Report: SC040038/SR4) the suggested short term Predicted No Effect Concentration (PNEC) 
was 0.00005 mg l-1 (expressed as freely available chlorine), as compared with an existing Environmental 
Quality Standard of 0.01 mg l-1 (expressed as total residual oxidants). Because of the few available and 
reliable chronic marine data to predict this value there is  low confidence in the extrapolated EQS which in 
addition cannot be measured in the field as it is below detection limit for suitable field techniques therefore  
this value has not been adopted at this time.  
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Table 24 Summary of legislation primarily triggered by the direct and indirect impacts of chlorination of 
discharges (toxicity of chlorine-produced oxidants and by-products, adapted from Bella Earth 
Project Report, 2008) 

POTENTIAL ACTION BY POWER PLANT : Chlorine Discharge 
Activity Measurement Threshold Consequence Directive 

Chlorine 
substitution 
reactions  

Measurement 
of any number 
of chlorine or 
bromine 
compounds 

Difficult to assign 
threshold as not 
readily known what 
substitution 
reaction will occur 

Some compounds 
identified in the EQS. In 
addition, the formation of 
undesirable toxicants 
may influence/degrade 
biology thus part of 
ecological classn 

WFD  

Some 
compounds 
may be 
included as 
specific 
pollutants  

Chlorine 
substitution 
reactions 

Measurement 
of any number 
of chlorine or 
bromine 
compounds 
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Figure 22 shows current and proposed EQS values and a combination of toxicity data established in short-
term (hours) and long-term (days) experimental studies in which different types of marine organism were 
exposed to total residual oxidants resulting from chlorine addition to seawater. 
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Toxicity data reviewed in setting the proposed PNEC values include data for marine species with chronic 
toxicity values in the range 0.001–0.2 mg l-1, but because of the reliability of the conduct and reporting of 
these studies, an application factor of 50 was applied to the most sensitive species data to derive the 
proposed PNEC. If these data had greater reliability, a factor of 10 is acceptable under the EU Technical 
Guidance, so proposed PNEC values could be five times higher. However, these values would still be 100 
times lower than the current EQS. The recommended values will present a particular problem for discharge 
monitoring because current analytical methodology is not sufficiently sensitive to detect TRO concentrations 
below 0.01 mg l-1 in field samples. 
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Figure 22 Short ( 4 days of less exposure, white diamond) and longer-term ( more than 4 days exposure, 
black diamond) toxicity thresholds of different marine organisms established in toxicity tests for 
total residual oxidants formed from the addition of chlorine to seawater (toxicity data from Sorokin 
et al., 2007). Current and proposed short-term EQS values are also indicated. 

 

 

 

 

6.2 Modelling approach for total residual oxidant (TRO) 

In order to assess the spatial extent of a likely TRO plume from Hinkley C, experimental evidence was used 
to generate coefficients for chemical decay equations to feed into a full hydrodynamic model. The 
experiments are detailed in BEEMS Technical Report TR091 and the methods used to derive the model 
coefficients from the experimental method are available in a companion report, BEEMS Technical Report 
TR092.  

In estuarine/marine systems chlorine reacts with the bromine in seawater to form hypobromous acid and 
hypobromite. A variety of other combined oxidants are also formed dependent on the rate of this reaction. 
Initial concentrations of the various compounds formed are determined by the background chemistry 
(particularly the organic content) of the seawater (e.g. Allonier et al., 1999(a)). Here we do not need to 
specify the reactants involved but the approach taken reflects the nature of the reactions described above.  

A model was developed using a kinetics based chemical reaction model and a modified solution of the one-
dimensional diffusion equation for constant discharge into flowing water (Fischer et al. 1979). The two 
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variables in the model are the concentrations of total residual oxidant, cl (mg l-1), this includes free and 
combined chlorine, and of a general reactive compound, s (mg l-1). The reactive compound in this 
environment is never exhausted and so it is not a limiting factor for the reaction. In the simulations the value 
of s0=0.58 mg l-1 was used as indicated by the experimental work.  

 

The decay equations used were: 

 

Initial experiments suggested that for a low turbidity environment that the coefficients were as follows:  

 k2 = 0.013 s-1 (mg l-1)-2 and k1 = 4.2e-5 s-1 
 Using the above differential equations, a 1D-model yields a half life of t1/2 = 784 s. 

 

Subsequent experiments on a high turbidity samples appropriate to the Severn yielded a slightly different set 
of coefficients: 

 k2 = 0.033 s-1 (mg l-1)-2 and k1 =  0 s-1 
 

3D Modelling methodology 

The GETM model was selected to predict the TRO plume behaviour from HP C because the model includes 
full vertical and lateral mixing, simulates real winds and uses real riverine flows.  Model runs were performed 
encompassing the likely maximum TRO discharge concentrations from Hinkley Point C power station (HP C) 
and the combination of hot water discharge from the combined two power stations:  

Run C: HP C.  
Run E: HP B (at 100% power output) + HP C.  
 

These have identical setups to the annual runs C and E reported in BEEMS Technical Report TR177. The 
CW flow rates for HP B are the same for operation at 100% power output and at the current 70% power 
output and, as there is no temperature dependent term in the above TRO demand and decay model, a single 
simulation is sufficient for both HP B operating conditions. 

HP B does not currently chlorinate but a worst case assumption was made of a discharge concentration of 
0.3mg l-1 (corresponding to the permitted station discharge concentration). 

The initial TRO concentrations and water volume discharge modelled are shown for each run in Table 24. 

The model was initialised at t = 0 s with: 

 a value of cl = 0 mg l-1 all over the domain,  

 s = 0.58 mg l-1 (the value of ‘s’ derived from the experimental studies) all over the whole domain and 
at the open boundary.  

 Demand/Decay equations for turbid water from the Severn (BEEMS Technical Report TR092) using 
mean values of measured mid-water suspended sediment concentrations (BEEMS Technical  
Report TR052).  
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 The GETM runs with all chemical models were run for an April and May period (based on 2008 data) 

 The atmospheric forcing was extracted from European Center for Medium Range Weather Forecast 

 The spatial resolution of the simulations was 100 m with 10 vertical sigma levels. 

 95 percentile values for TRO concentrations were calculated using the GETM hourly output data. 

 

Table 25 Values of TRO concentration and water volume discharge on the GETM runs. 

Run name 

TRO discharge 
(mg.l-1) 

Water volume of 
discharge (m3/s) 

Temperature difference 
between intake and 
outfall (ºC) 

HPB 
(permit 
level) 

HPC HPB HPC HPB HPC 

TRO3tC ─ 0.2 ─ 125 ─ 11.6 

TRO3tE 0.3 0.2 33.7 125 15.8 11.6 

 

The model outputs for the chlorination assessment were used to calculate areas of the plume at the surface 
and bed that exceed the chlorine Environmental quality standard of 0.01mg l-1 expressed as total residual 
oxidants and their intersection with different areas of designated habitat (Tables 25 and 26).   

For HP C alone none of the SPA was affected by TRO concentrations above 0.01 mg l-1 as a 95 percentile.  
For the SAC small areas of 60ha on the seabed and up to 139 ha on the surface (representing less than 1% 
of the SAC area) were affected by a discharge of 0.2 mg l-1 TRO at the point of discharge.  None of the 
affected areas were on the sensitive intertidal mudflats. Subject to regulatory decisions about acceptable 
mixing zones HP C may meet the EQS, particularly at the important sea bed. 

For HP B and C in combination the highest area that is above the EQS occurs in the Severn SAC with the 
maximum, 250 hectares at the surface and 109 hectares at the bed.  The shape of the plume and area of 
overlap for Hinkley C on its own and for Hinkley C and B is shown in Figures 23 and 24 respectively. 

 

Table 26 For HP C on its own at a discharge concentration of 0.2 mg l-1 TRO and in combination with HP B 
at a discharge concentration of 0.3 mg l-1 TRO the calculated area of plume >0.01 mg l-1 TRO 
concentration as a 95 percentile at the surface and bed that intersects with Habitats designations 
expressed as an area and as a percentage of the relevant habitat. 

Chlorine plume 
configuration at surface 
as a 95% 
>0.01 mg/l 

at bed at surface 
    SPA       SAC       SPA      SAC 

HPC  0.2 
 (Run TRO3tC) 

0 ha 
 

60 ha 
(0.1%) 

 

0 ha 
 
 

139 ha 
(0.2%) 

 
     HPC 0.2 +HPB 0.3 
 (Run  TRO3tE) 

33 ha 
(0.1%) 

109 ha 
(0.2%) 

37 ha 
(0.2%) 

250 ha 
(0.3%) 

 

A similar assessment was conducted for the Water Framework Directive water bodies; the Bridgwater Bay 
coastal water and the Parrett estuary transitional water.  The model outputs for the chlorination assessment 
were used to calculate areas of the plume at the surface and bed that exceed the chlorine Environmental 
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Quality Standard of 0.01mg l-1 expressed as total residual oxidants and their intersection with the two 
different Water Framework areas (Table 26). 

The Bridgwater Bay waterbody is most affected by the TRO plume at the surface with areas that exceed the 
EQS for TRO of 159 hectares for the HP C discharge alone and 205 hectares for HP C and HP B in 
combination. 

For the Parrett waterbody TRO EQS is not exceeded at the surface nor the bed for HP C  but in combination 
with  HP B small areas of the surface (46 hectares) and bed (67 hectares) are affected by concentrations 
above the EQS. 

 

 

Table 27 For HP C on its own at a discharge concentration of 0.2 mg l-1 TRO and in combination with HP B 
at a discharge concentration of 0.3 mg l-1 TRO the calculated area of plume >0.01 mg l-1 TRO 
concentration as a 95 percentile at the surface and bed that intersects with Bridgwater Bay and 
Parrett WFD waterbodies expressed as an area and as a percentage of the relevant waterbody. 

Chlorine plume 
configuration at surface 
as a 95% 
>0.01 mg/l 

at bed at surface 
Parrett 
Estuary 
 

Bridgewate
r Bay 
 

Parrett 
Estuary 
 

Bridgewate
r Bay 
 

HPC  0.2 
 (Run TRO3tC) 

0ha  
 

63ha  
(1%) 

0ha  
 

159ha  
(2 %) 

HPC 0.2 +HPB 0.3 
 (Run  TRO3tE) 

    67ha  
(1 %) 

65ha  
(1%) 

46ha  
(1%) 

205ha  
(2%) 
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Figure 23 Bed and surface TRO concentrations as 95 percentiles modelled using GETM for run TRO3tC 
(HP C on its own discharge 0.2mg l-1). The black contour corresponds to the EQS=0.01 mg l-1. 
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Figure 24 Bed and surface TRO concentrations as 95 percentiles modelled using GETM for run TRO3tE 

(HP B at 0.3 mg l-1 + HP C at 0.2 mg l-1).  The black contour corresponds to the EQS=0.01 mg l-1. 

 

 
These results indicate that the EQS is exceeded over relatively small areas of the SAC and Bridgwater Bay 
waterbody for the HP C discharge alone and for the SPA and the Parrett waterbody there is no exceedence.  
When HP C and B discharges are combined the areas above the EQS are larger but the maximum area 
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affected, 250 hectares at the surface of the SAC are still relatively small and affected areas of the bed are 
smaller.  It should be noted that HP B does not currently chlorinate its cooling water system and the in 
combination effects are therefore theoretical assuming that HP B adopted chlorination at discharge levels 
equal to its permit value. 
 
The TRO plume is largely a  surface feature that would affect offshore areas of the SAC and Bridgwater Bay 
waterbody of relatively low ecological sensitivity. Dependant upon regulatory decisions about acceptable 
mixing zones in such areas, the significance of the small percentage areas of the SAC and Bridgwater Bay 
water body affected could be considered minor for HP C at the seabed and moderate at the surface. Table 
27 provides approximate plume areas for different TRO values. 

Table 28 Plume areas (in hectares) greater than specific TRO concentration (µg/l) for surface and bed for 
Hinkley C  (TRO3tC) and Hinkley B + C (TRO3tE) 

 
TRO3tC    TRO3tE    

value 
µg/l 

95% 
surface 

95% 
bed 

Mean 
surface 

Mean 
bed 

95% 
surface 

95% 
bed 

Mean 
surface 

Mean 
bed 

1 4630 3668 1004 772 6953 5618 2513 2109 
2 1971 1447 309 173 3704 2823 843 559 
4 639 369 89 30 1321 814 187 87 
6 348 166 44 9 708 374 79 20 
8 226 86 25 5 415 188 45 10 

10 162 52 15 3 274 112 27 6 
15 86 18 5 1 139 40 10 3 
20 51 8 2 0 85 19 5 1 

Red marks the 10 µg/l 95% EQS value (95%tile values). These areas have been generated for indicative 
purposes only and are not the definitive areas reported from the BEEMS GIS system).  
 

 

6.3 Chlorinated by-products 

Upon addition of chlorine to seawater, other water quality factors such as the pH and the presence of 
compounds like ammonia or the amount and form of organic matter in the water may lead to the formation of 
chloramines/bromamines and chlorination by-products (CBPs). Studies in cooling water systems of coastal 
nuclear power stations showed that chlorination leads to the formation of CBPs such as halogenated by-
products (Table 28), mainly trihalomethanes (major compounds formed), haloacetonitriles (HANs) and 
halophenols (HPhs) (which might not be formed at high concentrations, but raise concerns because of their 
high toxicity) and haloacetic acids (HAAs). The main compounds detected within each of these groups were 
bromoform, dihaloacetonitrile, 2,4,6-tribromophenol and dibromoacetic acid (Allonier et al., 1999a). Other 
studies in coastal power stations confirmed the dominance of bromoform in CBPs (Rajamohan et al., 2007), 
and in smaller quantities dibromochloromethane, in agreement with studies in European power stations 
(Jenner et al., 1997; Allonier et al., 1999a, b).  

The formation of CBPs in seawater is of concern primarily because of the potential diversity of chlorinated 
compounds and the associated toxicity and potential carcinogenicity of some of them (IARC, 1979; Jenner et 
al., 1997; Allonier et al., 1999a, b; Rajamohan et al., 2007). 

The major compounds present in discharges can be measured but the diversity of potential CBPs and the 
present unavailability of analytical methods for some compounds has led to incomplete information on the 
environmental concentrations of some particular groups of compounds.  
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Table 29 Groups of CBPs identified in seawater chlorinated effluents from coastal power stations and the 
percentage of TRO used up in the reaction that forms them 

Halogenated  
by-products 

Percentage of  
TRO useda 

Trihalomethanes (THM) 0.5–5 

Haloacetonitriles (HANs) 0–5 

Halophenols (HPhs)b 0.1 

Haloacetic acids (HAAs) No data 

Organic oxidation to CO2 50–80 

a data from Bean, 1978 
b highly toxic 
 

The concentration ranges of different CBPs found in European power stations are shown in Table 28. Mean 
concentrations of bromoform, dibromoacetonitrile and 2,4,6-tribromophenol were 16.3, 1.48 and 0.22 μg l-1, 
respectively, for a mean chlorine dosage of 0.3–1.5 mg l-1 (Jenner et al., 1997). Bromoform concentration in 
discharges from UK power stations has been measured at 14 μg l-1 at the point of discharge, decreasing to 1 
μg l-1 within 2 km. Similar plume studies for French power stations have measured bromoform concentrations 
of 1.66 μg l-1 within 100–200 m of the discharge, decreasing to 0.44 μg l-1 within 200–1500 m (Jenner et al., 
1997)(Table 29). 

 

Table 30 Levels of CBPs measured in seawater from coastal power station effluents  

CBPs 
French power 
stations (Allonier et 
al., 1999) (μg l–1) 

UK and Netherlands 
power stations 
(Jenner et al., 1997) 
(μg l–1) 

Chlorine dosage 200–770 300–1500 

Bromoform 7.37–26.80  3.5–29.2 

Dibromoacetonitrile 0.94–3.61 <0.1–3.15 

Tribromophenol 0.10–0.37 0.26a 

Dibromoacetic acid 7.25–10.19 ND 
a Van Donk, 1994 
 

Acute toxicity thresholds for bromoform to a range of marine species (Figure 25) start  above 0.1 mg l-1 . 
Although the Predicted No Effect Concentration for bromoform of 5 μg l-1 (derived by Taylor, 2006) is 
exceeded in the cooling water of some coastal power stations at the point of discharge, bromoform 
concentration in discharges from UK power stations has been measured at 14 μg l-1at the point of discharge, 
decreasing to 1 μg l-1 within 2 km. Similar plume studies for French power stations have measured 
bromoform concentrations of 1.66 μg l-1 within 100–200 m of the discharge, decreasing to 0.44 μg l-1 within 
200–1500 m (Jenner et al., 1997).  

Proposed PNEC values for bromoform and other CBPs have been derived based upon toxicity test data and 
structural properties (Taylor, 2006), and a PNEC has also been derived for 2,4,6-tribromophenol based on 
freshwater toxicity test data (CICAD 66, 2005). These values are shown in the context of the concentrations 
of bromoform and 2,4,6-tribromophenol measured in power station discharges (Figure 25).  
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Other concerns regarding chlorination include the potential formation of mutagenic compounds, for which 
probably no threshold values exist. Chlorinated effluents contain chlorine and chlorinated and halogenated 
compounds (both free and combined chlorine residuals), as well as CBPs such as trihalomethanes and 
chlorophenols, which are known or suspected as human carcinogens and may also be formed (Chow et al., 
1990; Lewis et al., 1994; van Donk and Jenner, 1996).  

It should be noted that laboratory studies of carcinogenicity are difficult to extrapolate to effects in the 
environment because they necessarily involve relatively low sample numbers and effects are often 
established at higher exposure concentrations than would be found in the environment (Johnson and Jolley, 
in Jolley et al., 1990).  
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Figure 25 Short-term exposure (up to 4 days) for marine species to bromoform (white triangles) and 
freshwater species to 2,4,6-tribromophenol (white diamonds). Predicted no-effect concentrations 
were calculated for bromoform (B) based on marine, freshwater and QSAR toxicity data (Taylor, 
2006), and for 2,4,6-tribromophenol (T) based on freshwater toxicity data (CICAD, 66, WHO 
2005). Concentration ranges for bromoform (BC) and 2,4.6-tribromophenol (TC) measured in 
power station cooling water discharges in the UK and Europe (Allonier et al., 1999a, b; Jenner et 
al., 1997) are also indicated  

 

Long-term studies of the sea bass Dicentrarchus labrax in a fish farm receiving power station cooling water 
indicated that levels of mortality were comparable with other fish farms over a three-year study (Taylor, 
2006). Bromoform was present in fish tissues at concentrations up to 1.7 mg kg-1 in the fatty tissues of 
exposed fish, but this decreased rapidly when chlorination ceased. There was no indication of elevated 
detoxification enzymes, or abnormal pathology or tumour development in the tissues of exposed fish.  

A number of CBPs are naturally produced by marine organisms, including algae - bromoform production has 
been observed in association with oceanic beds of macroalgae with concentrations up to 500ng l-1 
(Nightingale et al 1995) and invertebrates (Gribble, 2003), and various bromophenols are reported at 
concentrations up to 299 μg kg-1 on a wet-weight basis in different marine fish species (da Silva et al., 2005). 

Biosynthesis of brominated phenols in marine algae has also been observed (Flodin & Whitfield, 1999) e.g. 
4.5 – 68 ug kg-1 2,4,6 tribromphenol in macroalgal samples (Whitfield et al., 1992)  Acorn worms 
(Enteropneusta) produce and excrete large amounts of bromophenols without any obvious dietary source of 
these compounds (Woodin et al., 1987).  Natural bromophenols, such as 4-BP, 2,4-DBP, 2,6-DBP, and 
2,4,6-TBP, are a consistent feature of pristine marine soft-bottom habitats, and their spatial and temporal 
abundance correlates with the abundance of infauna that produce these metabolites.  
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It is therefore important to understand the timing and magnitude of this production so that inputs from human 
sources can be judged with respect to natural background levels. 

For those CBPs that have been measured, the discharge concentrations are below calculated thresholds of 
effect and further decrease within 1 km of the discharge. Although other concerns regarding power station 
discharges to the marine environment relate to the formation of carcinogenic CBPs, these are less dominant 
in cooling water than in sewage and other industrial sectors’ wastewater owing to the generally lower content 
of organic matter and, in the former case, other contaminants. 

 

6.3.1 HP C CPB plume assessment 

Bromoform is the dominant CBP produced in coastal power station cooling water discharges; concentrations 
are dependent upon the receiving water quality and loss from the marine environment is largely via 
volatisation to the atmosphere. Only bromoform and dibromoacetonitrile have been found in chlorinated 
cooling water effluents at concentrations significantly higher than detection limits; Chloroform was below the 
detection limit (0.1 µg l–1) at all marine power stations during this study. (BEEMS Science Advisory Report 
Series (2010) No 009). There is no published European quality standard for bromoform or for any of the 
other commonly encountered CBPs.  The only relevant statutory environmental quality standard (EQS) 
appears to be that for chloroform.  Under the Water Framework Directive chloroform is characterized as a 
priority substance with an EQS of 2.5 µg l–1 expressed as an annual average. 

Previous studies have shown bromoform discharges at the outfall of approximately 27.5µg l-1 and 29.2µg l-1 

at Wylfa and Heysham nuclear power stations. Both of these stations are on the west coast of the UK and 
the bromoform concentrations were the highest found at UK nuclear stations. Considering the chlorination 
dosage necessary to create the required TRO concentration at the inlet to the condensers, the Heysham 
result is considered more representative of the likley bromoform source term at Hinkley Point and it is also 
represents the most precautionary value. A more precise source term could only be obtained by dosing 
experiments on Hinkley Point seawater. A bromoform PNEC of 5µg l-1 has been previously derived by Taylor 
(2006). The TRO concentration at the HP C outfall is expected to be of the order of 100 to 200 µg l-1  with an 
EQS of 10µg l-1. Such a TRO discharge concentration would produce an intersect area with the SAC of 60 to 
139 ha at the bed and surface respectively (Table 25). Given these data, the bromoform plume at the 
proposed PNEC level is expected to be of a similar size to the TRO plume. This assumption is currently 
being tested by modelling in GETM and the results will be presented in the next version of this report. 

 

6.4 Impact of TRO and chlorinated by-products upon status 

 

The potential risk of exceeding regulatory values in terms of total residual oxidants or chlorination by-
products is shown in Table 30.  The assessment is the same for sensitive habitats and Water Framework 
waterbodies.  Compliance with the TRO EQS is of major importance but total residual oxidants do not 
persist.  The more sensitive areas associated with the SPA and the Parrett are not affected by the TRO 
discharge from Hinkley C alone but moderate areas of Bridgwater Bay and the SAC area affected by the 
TRO discharge above the level of the EQS for Hinkley C on its own and in combination with Hinkley B.  For 
these reasons the level of significance is judged to be moderate.   

For the chlorinated byproducts the evidence suggests that these do not represent a long term threat based in 
particular on the long term studies on sea bass. The plume of the dominant CPB, bromoform, is expected to 
be of a similar size to the TRO plumes and therefore, subject to further modelling and subsequent regulatory 
decisions about acceptable mixing zones, the level of significance has currently been judged to be moderate.   
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Table 31 Risk of different total residual oxidants and chlorinated by-products exceeding regulatory 
thresholds should chlorination of the cooling water be required at Hinkley C (risk considered to be 
similar for Hinkley C in combination with B) 

Chlorination criteria   

Threat Impact 
Level of 
significance 

Not meeting existing 
EQS value for Total 
Residual Oxidants 

The existing EQS for total residual oxidants is 
0.01 mg l-1 as a 95 percentile.. In combination 
with HP B the areas above the EQS at the bed 
and at the surface are higher but of similar order 
to HP C so both Hinkley C and Hinkley B and C 
are assessed to be of the same significance. 

The area above the EQS is highest at the 
surface with a maximum area of 250 hectares 
affected at the surface of the SAC.  Exceedence 
at the bed is lower for most of the assessments 
and this is likely to be where organisms that 
cannot easily avoid the plume and so may 
receive more significant exposures may be 
situated.  

Moderate  

Not meeting PNEC 
values for various 
CBPs 

Assessment is subject to future modelling results Moderate  

             
              

 

 

7 Potential direct changes that may result from hydrazine inputs in 
cooling water and relevance to legislation 

 

7.1 Background 

To reduce maintenance time and cost, corrosion inhibitors and oxygen scavengers are often added to 
control the pH of water in boiler and cooling systems for various industrial processes.  Hydrazine is a strong 
reducing agent that is frequently used in the cooling water circuits of boilers in Nuclear Power stations 
because of its anti-oxidant properties (Audrieth and Ogg, 1951).   Nuclear power stations such as the Hinkley 
power station located on the North Somerset coast of England require large amounts of water for cooling 
purposes and the discharged water may contain traces of some process chemicals such as total residual 
oxidants resulting from the use of biocides like chlorine as well as anti-oxidant chemicals such as hydrazine 
that are derived from boiler feed water effluent. Hydrazine (N2 H4) is an ammonia-derived compound.  It is 
generally considered that in all the aqueous solutions of hydrazine is present as hydrazine hydrate (Draft 
Screening assessment Environment Canada, 2010). 

There is significant evidence that hydrazine is harmful to aquatic organisms at low concentrations with acute 
six day EC50 of 0.4 ug l-1 (Draft Screening assessment Environment Canada, 2010) and (Ciden 
ELIER0600773, 2008) and although its persistence is low to moderate this is dependent upon various water 
quality parameters.  



 

tr186-declassified-vsosr (1)         67 

In Europe the Water Framework Directive requires all waterbodies to achieve good status by 2015 if they are 
not designated as heavily modified in which case they must achieve good ecological potential.  Therefore it 
is important to assess the potential for any components of cooling water discharges to harm the marine 
environment.  This assessment considers the influence of sea water quality at Hinkley upon the degradation 
rate of hydrazine so that the potential area in the vicinity of the cooling water discharge plume that might be 
affected by hydrazine concentrations above levels of concern can be predicted. 

 

7.2 Model of hydrazine decay 

The fate of hydrazine in the aquatic environment is dependent on dilution/dispersion and chemical and 
biological degradation as well as processes such as volatilisation and sedimentation (Kuch, 1996).  When 
introduced into seawater, hydrazine concentrations are observed to decrease with time. BEEMS Technical 
Report TR146 describes the methodology of the deriving decay rates. Briefly, varying doses of Hydrazine 
were added to seawater samples collected offshore off Hinkley Point. Concentrations were then measured 
over time.  

For a given start concentration, the data can be fitted reasonably well with an exponential decay law (R2 from 
0.58 to 0.94; linear regression on log-linear data). However the decay rate shows a strong dependence on 
the initial concentration with decay rate increasing with decreasing start concentrations. The process leading 
to this behaviour is unknown. Hydrazine decay is thus not a first order process since the decay rate is not 
independent of the concentration. Second or higher order processes give decay rates that decrease with 
decreasing concentration and so do not describe the behaviour either. 

As a pragmatic approach for modelling, a first order decay of hydrazine concentration C (ug l-1) was 
assumed 

 

but with a suitable concentration dependent decay constant kh (s-1) derived from experiment.  

The experimental techniques used employed hydrazine detection limits greater than 10µg l-1, which is 
significantly higher than the proposed HP C discharge concentrations. Clearly the most appropriate 
experimental value to use is that derived from the lowest start concentrations amenable to the experimental 
technique. For the present range of experiments (BEEMS Technical Report TR146) the lowest starting 
concentration was 50 µg l-1 that gave a corresponding decay rate kh = 2.3 x 10-5 s-1.   

The decay rates demonstrated in this study are comparable but lower than those measured in previous 
research studies conducted for sea water collected in the vicinity of the Penly Nuclear power station (Chimm, 
2009). Note, subsequent experimental work with more sensitive detection methods has been undertaken 
and, although not reported on yet, suggests that the decay rate continues to increase at lower 
concentrations. It is therefore considered likely that the present simulations represent a conservative worst 
case. 

7.2.1 HP C and HP B mean plume assessment 

The single scenario considered includes both HP B and HP C in operation. Only HP C will operationally 
discharge hydrazine, HP B does not have operational discharges of hydrazine and therefore does not have a 
permit to do so. Figures provided by EDF indicate a proposed total annual discharge of hydrazine from HP C 
of 28 kg (EDF, 2010). At the mean CW flow rate of 125 m3 s-1 the average concentration at the discharge 
point is 7.1 ng/l. The simulation performed here as a month of spin up and a month where the data is 
averaged. Due to the relatively fast decay (approx 8 hours half-life) there is no residual or build up of 
hydrazine, so that the simulation to have been performed here is effectively a daily discharge but using 58 
tidal cycles with differing meteorology to generate the mean and 95 percentile values.  
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7.2.2 HP C and HP B pulse discharge assessment 

In practice, hydrazine, used as a plant conditioning chemical, is stored in treatment tanks before being 
pumped into the cooling water circuit and operational discharges are therefore pulsed not continuous. The 
exact operational nature of the likely temporal discharge profile is not known to Cefas; however from a 
consideration of the size of the storage tanks used to store the hydrazine, the flow rates of the pumps used 
to empty them and typical storage tank concentrations at other EDF stations it is considered that a typical 
operational hydrazine discharge could take place over 5 hours at a concentration of 0.075 ugl-1.  As the total 
annual discharge would be 28kg per year, this would equate as a worst case to one 5 hour discharge, every 
50 hours.   Thus simulations have been performed over three months using pulse discharges; the first month 
is spin up whereas data from the last two is analysed. With a pulse there is a possibility of bias in the results 
due to the time in the flood cycle when the chemical is released. However, the use of a two month simulation 
(3 months including spin up) mitigates this problem.   

 

7.3 GETM setup for Hydrazine runs  

As for the TRO calculations the GETM runs for hydrazine chemical models were run for April and May 2008. 
The atmospheric forcing was extracted from European Centre for Medium Range Weather Forecast 
reanalysis data at 6 hours interval and approximately 1.125 degrees in resolution.  

At t=0 the model domain was initialised with constant salinity and temperature. The first month was used as 
a spin up and only May was used for the results presented. The model saves a set of variables every hour. 
Monthly means and 95 percentile values for pollutant concentrations were calculated using the hourly data. 

7.4 The hydrazine plume characteristics modelled for a mean discharge 

The hydrazine plume follows the general pattern of the TRO dispersion, with higher concentrations at the 
surface and an elongated shape following the tidal forcing. The short term PNEC of 0.004 g/l for the 95 
percentile is only exceeded at the surface in the model grid cells neighbouring the outfall. At the surface the 
area that is above the chronic Predicted No Effect Concentration (PNEC) of 0.0004 g l-1 extends up to 4 
km, while at the bottom it only occurs at the outfall position.  The area of plume that exceeds the derived 
PNEC is shown in Figure 26 at the surface for a constant discharge of   0.01 g l-1.   
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Figure 26 Mean hydrazine concentration at the surface for a constant discharge of 0.01 g l-1. On the 95 
percentile maps the black contour corresponds to the acute PNEC of 0.004 g l-1 and on the 
mean plots the black contour corresponds to the chronic PNEC of 0.0004 g l-1 



 

tr186-declassified-vsosr (1)         70 

The area of its overlap with habitats designations is shown in Table 31 and for the Water Framework 
Directive waterbodies, in Table 32. 
 
 
Table 32 Area of plume >0.0004 mg l-1 hydrazine concentration as an annual average at the surface and 

bed that intersects with various Habitats designations expressed as an area and as a percentage 
of the relevant habitat 

Area of plume  
>0.0004ug l-1 

at bed at surface 
    SPA       SAC       SPA      SAC 

HPC    hydrazine 
discharge 0.007 ug l-1 
  

0 ha 
 

77ha 
(0.1%) 

 

0 ha 
 
 

161 ha 
(0.2%) 

 
      

 
Relatively small areas of the bed and only in the SAC are affected by a hydrazine concentration above the 
PNEC increasing to 161 hectares at the surface.  The SPA is unaffected by the hydrazine plume.  For the 
waterbodies a similar pattern is seen with the Parrett remaining relatively unaffected but small areas up to 
184 hectares at the surface of the Bridgwater Bay waterbody affected by a hydrazine concentration above 
the PNEC.     
 

Table 33 Area of plume >0.0004 mg l-1 hydrazine concentration as an annual average at the surface and 
bed that intersects with Water Framework Waterbodies expressed as an area and as a 
percentage of the relevant waterbody. 

Area of plume  
>0.0004ug l-1 

at bed at surface 
Parrett Estuary 
 

Bridgewater Bay 
 

Parrett Estuary 
 

Bridgewater Bay 
 

HPC    hydrazine 
discharge 0.007 ug l-1 
 

3 ha 
(0.04%) 

74 ha 
(0.8 %) 

7 ha 
(0.1%) 

184 ha 
(2 %) 

 

7.5 The hydrazine plume characteristics modelled for a pulse discharge 

Results from the pulse discharge run are very similar to the predictions using a mean discharge and are not 
significantly different (Table 33).  Table 33 provides approximate areas of exceedence for hydrazine values 
around and below the current PNEC that approximately equate to the area of intersection within the SAC. It 
can been seen from these figures that the pulse discharge is unlikely to cause any significant impact above 
that of the mean discharge scenario. 
 
Table 34 Areas (in hectares) greater than specific Hydrazine concentration at the surface and bed for 

Hinkley C only and including under maintenance conditions. 

Hectares From run using continuous discharge  From run using pulse discharge 

value ug 
95% 
surface 95% bed 

mean 
surface 

mean 
bed 

95% 
surface 

95% 
bed 

mean 
surface 

mean 
bed 

0.0001 5945 4562 1800 1484 4435 4005 1322 1044 

0.0003 2756 2193 611 484 2421 2185 260 102 

0.0004 2318 1797 188 76 2006 1782 83 12 

0.0010 539 325 16 1 343 282 3 0 

0.0020 106 10 0 0 32 10 0 0 

0.0030 35 0 0 0 14 5 0 0 

0.0040 10 0 0 0 7 2 0 0 

0.0050 2 0 0 0 4 1 0 0 
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7.6 Impact of hydrazine upon status 

A risk assessment dossier for hydrazine completed under REACH at the end of 2010 included additional 
toxicity studies and has a derived PNEC for marine waters of 0.06 ug l-1.  This assessment has yet to be 
reviewed but could make a significant difference to the predicted plume exceedence areas.  Although 
hydrazine is toxic it is not expected to persist and for these modeling studies its likely impact upon organisms 
associated with the seabed is predicted to be very low. Its main threat is therefore to species in the water 
column. As there is no formal quality standard for hydrazine and existing uncertainty regarding the quality of 
toxicity data that has influenced the low PNEC value the receptor value is judged to be moderate.  
Significance in terms of non compliance with regulatory thresholds is also considered moderate as only 
water column species are likely to be exposed to higher concentrations but for transitory periods and 
degradation data indicate that current modelling results may represent a conservative estimate (Table 34).  
The potentially more sensitive areas both for migratory fish passage and for other species are within the 
Parrett and the SPA and these areas are relatively unexposed to hydrazine and only for negligible areas 
above the proposed PNEC so an overall moderate assessment is conservative for these areas (Table 32).  
This assessment also applies under the HP C modelled maintenance operations. 

Table 35 The risk of impact from the hydrazine discharge for HP C 

Hydrazine criteria   

Threat Impact 
Level of 
significance 

Not meeting Habitats 
requirements for SPAs 
and SAC 

Creation of areas in a water body 
where the free passage of fish is 
discouraged or species are impacted 

Moderate for SAC, Negligible for SPA 

Moderate 

 

Not meeting requirements 

 Water Framework  

Directive  

Exceeding  Chemical quality standards 
Moderate 
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8 Potential indirect changes that may result from cooling water 
discharge and relevance to legislation 

 

8.1 Interaction of oxygen and temperature under normal operating 
conditions 

Temperature directly affects the amount of oxygen dissolved in water. Increasing temperature reduces the 
solubility of gases, particularly oxygen. High suspended sediment loads and the presence of sewage or other 
organic matter contribute an additional oxygen demand. Discharges of between 1 and 3°C above ambient 
levels could decrease the solubility of oxygen by about 0.5 ppm. 

Measurements of oxygen in the Bristol Channel and Severn Estuary are available primarily from the 
Environment Agency and Cefas. Continuous dissolved oxygen readings were also collected for the period 
from 16 December 2008 to 8 April 2009 by two consecutive deployments off Hinkley Point of bottom lander 
instruments to monitor a range of physical parameters. The instruments were deployed at a depth of 10 m at 
a position just off Hinkley Point, as shown in Figure 3. Historical data for the period 1975–79 for the Severn 
Estuary and Bristol Channel (Owens, 1984) indicate that dissolved oxygen saturation was >90% in all but the 
uppermost parts of the estuary. Environment Agency tidal water surveys during November 2004 (reported in 
Langston et al., 2007) measured dissolved oxygen concentrations of 8–10 mg l-1 across a salinity range from 
freshwater to almost fully marine conditions. During August 2004, the dissolved oxygen concentration range 
was between 6 and just over 8 mg l-1. For the continuous monitoring data collected at the Hinkley Point site 
in this study, the dissolved oxygen concentration was between 11 and 12.5 mg l-1 for a temperature range of 
4–9oC and salinity range from 22 to just over 30. Although the oxygen concentrations cited above are 
relatively high, oxygen sags have been reported in the upper estuary (Owens, 1984) and at the point of 
discharge of other estuaries joining the Severn, e.g. for the River Parrett (Maskell, 1985). Resuspension of 
organic material is considered to make a significant contribution to lowering the oxygen concentration, and 
this becomes more critical during summer when flows are lower and temperatures higher, and this 
combination of factors may lead to oxygen sags (Langston et al., 2003). 

The standards proposed for dissolved oxygen have been developed because they are required by the Water 
Framework Directive for classification. They vary with salinity because the solubility of oxygen declines with 
increasing salinity. The values are set as annual 5-percentiles – the concentrations that should be bettered 
for 95% of the time – and these are shown in Table 35. 

8.1.1 Interaction of oxygen and temperature under maintenance conditions 
(Worst case flow, highest temperatures) 

The maintenance runs consider an instance when the reactors are operating at normal capacity but with half 
the number of water cooling pumps operating, leading to reduced flow and increased discharge 
temperatures. These flows have been modelled at 62 m3s-1 and 25°C delta T. The temperature fields have 
been generated using the same approach as the other modelling scenarios by running a whole annual cycle 
and differencing the values from the reference run to produce mean, max and 95 percentile fields. The 
increased temperatures may lead to reduced oxygen levels compared to the standard runs so the outputs 
from these annual runs have also been used to derive worst case oxygen concentration values. 
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Table 36 Dissolved oxygen standards for transitional and coastal waters 

 
Status 

 
Freshwater 
(mg/litre) 

 
Marine 
(mg/litre) 

 
Description 

High 7.0 5.7 
Protects all life stages of 
salmonid fish 

Good 5.0–7.0  4.0–5.7 Resident salmonid fish 

Moderate 3.0–5.0 2.4–4.0 
Protects most life stages of 
non-salmonid adults 

Poor 2.0–3.0 1.6–2.4 
Resident non-salmonid fish, 
poor survival of salmonid 
fish 

Bad 2.0 1.6 
No salmonid fish. Migration 
survival of resident species 

 

Based on the dissolved oxygen data discussed above and taking account of salinity (which affects oxygen 
solubility) in the inner and outer estuary, these values are consistent with Good/High status (UK 
Environmental Conditions Phase 1 SRI January 2006, UKTAG). Although there is likely to be some reduction 
of dissolved oxygen in the cooling water discharge, the impact of this is likely to be moderated to a large 
degree by the fact that levels of oxygenation in the Severn Estuary are generally high.  

Power station discharges may influence the River Parrett, causing temperature increases of >2C above the 
baseline, under some circumstances across >25% of the cross section of the Parrett Estuary. Under 
circumstances when the dissolved oxygen concentration in the Parrett Estuary is low (eg for the Parrett 
during 2001, the Environment Agency reported dissolved oxygen values of around 2 mg l–1 although data for 
this period was based on only three sites from the inner Parrett and may not reflect conditions in the outer 
estuary; Langston et al., 2003), there is some potential for the temperature elevation to create more stressful 
conditions for the passage of fish.  Such conditions could impact upon migratory species such as the locally 
important Eel and salmonids that are specifically identified under the Habitats Directive. 

The approach used here in the specific case of Bridgewater Bay and the Severn Estuary, is to investigate 
the extent of oxygen consumption (or demand) from saturation, most appropriately in August, and apply that 
reduction to the fully saturated plume to derive a map of likely oxygen concentration.   
 
During 2009 water column samples were taken at three depths, from an area that encompasses the planned 
location for the intake and outfall structure for the new build at Hinkley Point (Amec, 2009). Total ammonia, 
pH and salinity and dissolved oxygen were analysed for all samples which were collected in batches during 
January, May, June and September 2009.  Figure 25 shows the location of sampling stations, due to the 
large tidal excursion at Hinkley Point in effect these stations are really in three positions corresponding to 
separate streamlines. Analysis of these stations by grouping does not show statistically different features, 
mean values of draw down are therefore used.  Average Draw down is 1.1 with a standard deviation of 0.2.  
The oxygen concentrations from that at saturation have therefore been reduced accordingly. As temperature 
increases it is likely that bacterial respiration will also increase so that draw down may be substantially 
greater, however it is also likely the dissolved oxygen content will remain above saturation for a long time. 
Oxygen is lost by diffusion from the system which can be a relatively slow process and probably much 
slower than heat loss. Thus while this method probably under estimates demand it most likely underestimate 
the available oxygen.  Calculations of the concentration of dissolved oxygen at saturation have been derived 
from the GETM output using mean observed salinity values (31.7) from the AMEC data obtained in 
September 2009, and the derived temperature fields from each Run using the method of UNESCO (1986).  
Two plots of oxygen concentration modeled for runs B, C and E are shown without (Figure 26) and with 
(Figure 27) biological demand factored in to the assessment.  
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Figure 27 Map of locations of profile station undertaken by AMEC and used as the basis of the oxygen 
profile modelling under the influence of the thermal plume 
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Figure 28 Oxygen concentration Runs B,C,E at 100% saturation 
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Figure 29 Oxygen concentration including biological (1.1 mg l-1) demand. 
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8.2 Impact of oxygen and temperature under normal operation upon status 

The dissolved oxygen concentration in the area immediately influenced by the thermal plume is 
reduced to around 6.5 mg l-1 and taking account of the biological demand a wider area of lower 
dissolved oxygen concentration is apparent.  The oxygen concentration nevertheless remains 
above 4 mg l-1 for all combinations of HP B and HP C which is the lower end of the boundary 
conditions for Good status.  Based on this assessment the interaction of dissolved oxygen and 
temperature does not give rise to major concerns with respect to the impact upon water quality 
(Table 36).  
 
8.2.1 Impact of the interaction of oxygen and temperature under maintenance 

conditions (Worst case flow, highest temperatures) 

 
The maintenance condition produces slightly lower oxygen concentrations than the standard HP C run, 
however the minimum values are all > 5 mg l-1 and are not therefore different from the standard assessment.  
 

 

Table 37 The risk of impact from the interaction of oxygen and temperature 

Oxygen and 
temperature 

 Level of significance 

Threat Impact HP C HP C +B 
Not meeting Habitats 
requirements for SPAs 
and SAC 

Creation of areas in a water body 
where the free passage of fish is 
discouraged 

Negligible 

 

Negligible 

 

Not meeting WFD  

Requirement for Good 
status 

Bridgwater Bay and/or Parrett 
Estuary dissolved oxygen below  

4 mg l-1 

Negligible 

 

Negligible 

 

 

 

8.3 Interaction of temperature, pH and ammonia 

Ammonia enters freshwater and marine water bodies from sewage effluent inputs, from industrial and 
agricultural activities and from the breakdown of organic matter in sediments. In general the un-ionised form 
of ammonia is more toxic than the ionised form. At higher pH values, un-ionised ammonia represents a 
greater proportion of the total ammonia concentration. Temperature increase also raises the relative 
proportion of un-ionised ammonia, but this effect is much less marked than for pH change, eg a temperature 
increase of 10°C (from 10 to 20°C) may double the proportion of un-ionised ammonia, but a pH increase 
from a pH  of 7 to a pH of 8  produces an approximately tenfold increase (Eddy, 2004). A greater percentage 
of ammonia will also be in the un-ionised form when the salinity is lower. The toxicity of ammonia to 17 
different species of marine organism was determined to have an un-ionised ammonia mean acute value of 
1500 ug NH3-N l-1 (USEPA, 1989, 1999) Values for continuous exposure were about 5–10% of the acute 
values.  

Environment Agency data collected between 1977 and 1997 for Bridgwater Bay and between 1977 and 2005 
for the Inner Bristol Channel North and South (Figure 4) from fixed sampling points indicate that mean total 
ammonia nitrogen concentrations fall between 40 and 100 ug NH4-N l-1 (the higher values are measured at 
the Inner Bristol Channel North sampling points, those from Bridgwater Bay are nearer the lower end of the 
range). Using Environment Agency model calculations, the concentration of un-ionised ammonia present at 
these total ammonia nitrogen concentrations (at pH 8, 20oC, salinity 30) are in the range of 1– 3 ug l-1 NH3 –
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N e.g. about 2-3% of the total ammonia concentrations. This un-ionised ammonia concentration range is 
below the Habitats Directive criterion limit value of 21 ug l-1 expressed as an annual average (This is also the 
the existing EQS applied to ammonia under the Water Framework Directive, Environment Agency, 2007). 
However, some individual total ammonia concentrations for Bridgwater Bay during the period 1977–97 would 
produce un-ionised ammonia concentrations that are close to the Habitats Directive limit under the same 
conditions of pH, temperature and salinity. 

 
The regulatory approach for un-ionised ammonia considers annual average values. The model runs B,C and 
E, replicate an annual cycle.  Results have therefore been derived using an average temperature and 
average ammonia values. For completeness and consideration of the extreme case, results are also 
presented with maximum temperatures and corresponding ammonia and salinity, and also 95% values with 
mean temperature.  
 
A field survey undertaken by Amec (Figure 25) measured 275 samples for total ammonia, pH and salinity 
across the seasonal cycle. Samples were taken from surface, mid depth and bed. Except for salinity no clear 
signals were seen, with no clear seasonal trend. Salinity did vary, with a much increased fresh water 
component in January resulting in reduced salinities.  Samples were taken from three depths, while there 
was a trend in salinity with depth as would be expected, there was no pattern in either total ammonia 
concentrations or pH which had much greater variation. All samples are therefore averaged together and the 
average and percentile values used for calculation of un-ionised ammonia are shown in Table 37.  
 

Table 38 Values used for calculation of un-ionised ammonia concentrations 

 Salinity Ammonia ug/l pH 

95 percentile 32.9 360 8.06 

50 percentile 31.7 150 7.86 

September mean 31.73 170 8.03 

 

Maximum annual loadings of Nitrogen as N  for the two EPRs are 10,120kgs.  Using the plume as a guide to 
mixing area and assuming no decay or decomposition would a lead to un uplift in value of volume of plume 
(20 m deep, 10km wide 20km long). Average N = 10e6 g/ (4*10e12) l  =  2.5 ug/l.   This value, which is a very 
conservative worst case, is small compared to the average of 150 ug/l or 360 ug/l of the 95% and is an order 
of magnitude less than the measurement variability. While small, for completeness this value has been 
included in the results. 
 
The model runs B, D and E replicate an annual cycle.  The Getm outputs for temperature were used with 
three different levels of background temperature, pH and salinity which were: (A) mean values of 
temperature and mean salinity, ammonia and pH. (B) For mean temperature (with 95% values of ammonia 
and pH) and (C) for maximum temperatures using pH, salinity and ammonia values appropriate to the same 
time.  Un-ionised ammonia values were calculated using the Environment Agency provided calculator for 
seawater (Clegg and Whitfield, 1995) to calculate the un-ionised ammonia concentrations which were then 
used to create the contour maps shown in Figures 30 - 32. 
 

8.3.1 Interaction of temperature, pH and ammonia under maintenance 
conditions (Worst case flow, highest temperatures) 

The increased temperatures under the HP C maintenance runs would lead to increased un-ionized ammonia 
compared to the standard runs so the outputs from these annual runs have also been used to derive worst 
case un-ionised ammonia concentration values. 
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Figure 30 Run B estimates of un-ionised ammonia for (A) mean values of temperature and mean salinity, 

ammonia and pH. (B) For mean temperature (with 95% values of ammonia and pH) and (C) for 
maximum temperatures using pH, salinity and ammonia values appropriate to the same time. The 
maximum value of un-ionised ammonia is 16 ugl-1 NH3-N. 



 

tr186-declassified-vsosr (1)         80 

-3.5 -3.45 -3.4 -3.35 -3.3 -3.25 -3.2 -3.15 -3.1 -3.05 -3

Longitude (W)

Unionised ammonia (NH3) from mean values at the surface. 

51.2

51.3

51.4

La
tit

ud
e 

(N
)

-3.5 -3.45 -3.4 -3.35 -3.3 -3.25 -3.2 -3.15 -3.1 -3.05 -3

Longitude (W)

Unionised ammonia (NH3) as N from 95% of ph, salinity, ammonia mean Temperature  

51.2

51.3

51.4

La
tit

ud
e 

(N
)

4

5

6

7

8

9

10

11

12

0

0.4

0.8

1.2

1.6

2

2.4

2.8

3.2

3.6

4

4.4

4.8

A

-3.5 -3.45 -3.4 -3.35 -3.3 -3.25 -3.2 -3.15 -3.1 -3.05 -3

Longitude (W)

Unionised ammonia (NH3) as N. For maximum temperature, 

51.2

51.3

51.4

La
tit

u
de

 (
N

)

4

5

6

7

8

9

10

11

12

ug/l 

ug/l 

ug/l 

C

B

 
 
Figure 31 RUN C estimates of un-ionised ammonia for (A) mean values of temperature and mean salinity, 

total ammonia and pH. (B) For mean temperature (with 95% values of ammonia and pH) and (C) 
for maximum temperatures using pH, salinity and ammonia values appropriate to the same time 
The maximum value of un-ionised ammonia is 11.2 ug l-1 NH3-N 
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Figure 32 RUN E, estimates of un-ionised ammonia for (A) mean values of temperature and mean salinity, 

ammonia and pH. (B) For mean temperature (with 95% values of ammonia and pH) and (C) 
maximum temperatures using pH, salinity and ammonia values appropriate to the same time. The 
maximum value of un-ionised ammonia is 16 ugl-1NH3-N. 
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8.4 Impact of the interaction of temperature, pH and ammonia concentration 
upon status under normal operating conditions 

The maximum resulting un-ionised ammonia concentration contour was 16 ug l-1 NH3-N under both runs B 
and E and was slightly less at 11.2  ug l-1 NH3-N for run C.  In each case this value is less than the annual 
average EQS of 21 ug NH3-N for un-ionised ammonia.  Based on these asssessments this is not considered 
to be a significant issue (Table 38). 
 

Table 39 The risk of impact from the Interaction of pH, temperature and ammonia 

Interaction of 
temperature, pH and 
ammonia 

 Level of significance 

Threat Impact HP C HP C+ HP B 

Not meeting Habitats 
requirements for SPAs 
and SAC 

Creation of areas in a water body 
where the free passage of fish is 
discouraged 

Negligible 

 

Negligible 

 

Not meeting WFD  

Requirements 
Failure of the existing saltwater long 
term value 

Negligible 

 

Negligible 

 

 
 

8.4.1 Interaction of temperature, pH and ammonia under maintenance 
conditions (Worst case flow, highest temperatures) 

The results from the maintenance run condition of high temperatures and reduced flow, shows a slight 
increase in likely un-ionised ammonia (from 11.2 ugl-1 to 12.4 ugl-1) but again well below the regulatory limit. 
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8.5 Temperature interaction with background levels of  contaminants  

In the area around Bridgwater Bay and the River Parrett, the finer sediments tend to accumulate and with 
them potential higher loads of associated contaminants. Temperature is one of a number of factors that can 
influence the toxicity and effects of contaminants, particularly when associated with sediments. In estuaries, 
pH and salinity are other important factors that can influence contaminant availability and toxicity. Bryan and 
Langston (1992) identified four factors that affect metals in sediments, eg mobilisation of metals to the 
interstitial water and their chemical speciation: transformation (eg methylation) of metals including arsenic, 
mercury, lead and tin; the control exerted by major sediment components (eg oxides of iron and organics) to 
which metals are preferentially bound; competition between sediment metals (eg copper and silver, zinc and 
cadmium) for uptake sites in organisms, and the influence of bioturbation, salinity, redox or pH on these 
processes. Studies have indicated elevated desorption rates for 14C-labelled 2,20,4,40-
tetrabromodiphenylether(BDE-47) at higher temperatures, and this has been followed by increased rate of 
bioaccumulation although not ultimately an increased bioaccumulation factor at the higher temperature 
(Sormunen et al., 2009).  

Potentially, therefore interaction between elevated plume temperatures could facilitate enhanced release 
rates for some sediment-associated contaminants. 

 

8.6 Impact of temperature interaction with background contamination 

This assessment represent is based upon best expert judgement as to significance and as a result the 
confidence we have is less than for areas where a specific assessment has been carried out.  It is 
considered that the rate of remobilisation of sediments and contaminants in this area is sufficiently high 
already as to make temperature-enhanced release over a localised area insignificant in degree or extent but 
this judgement is of low confidence (Table 39). 

Table 40 Temperature effects upon contaminants 

Temperature and 
contaminants other 
than ammonia 

 Level of significance 

Threat Impact HP C HP C+ B 

Not meeting Habitats 
requirements for SPAs 
and SAC 

Creation of areas in a water body 
where the free passage of fish is 
discouraged 

Negligible 

 

Negligible 

 

Not meeting criteria for 
supporting ecological 
criteria under WFD 

Affect upon benthic organisms or fish 
Negligible 

 

Negligible 

 

 

 

 

8.7 Influence of elevated temperatures and chlorination upon algal 
communities 

The susceptibility of a water body to nutrient enrichment is affected directly by the degree of light penetration 
which is influenced by suspended material in the water column. Growth of phytoplankton in the Severn 
Estuary is thought to be restricted by the high sediment load causing extreme light-limited conditions. 
However, the sources of primary production which are necessary to support the higher levels of the food 
chain can be found in intertidal areas and saltmarshes, where benthic microalgae are abundant (Radford, 
1994). Benthic microalgae are less likely to be entrained in cooling water, but may be influenced by power 
station discharges. However, the potential introduction of a barrage is likely to significantly reduce the high 
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suspended solid load to the point that reasonably high production of phytoplankton is possible. This section 
considers the potential impact of power station operation upon phytoplankton survival and growth and 
whether this is likely to influence any of the associated Water Framework Directive classifications. The 
likelihood that the operation of the Hinkley Point power station will lead to failures under the Water 
Framework Directive by affecting current primary production, or that arising following the introduction of a 
barrage, is considered.  

The influence of power station operation upon algal communities is considered here as they not only 
influence some of the biological metrics that contribute to the assessment of water-body status, but changes 
to phytoplankton growth can affect dissolved oxygen levels. Phytoplankton communities are among the most 
important primary producers to sustain foodwebs in estuarine and coastal waters. Other primary producers 
include attached intertidal algae, benthic microalgae, macroalgae and seagrasses. All have unique 
requirements in terms of temperature, substratum type, light and nutrients, and may respond differently to 
human activity. Phytoplankton provide a useful tool for assessing impacts, because they show the first 
indication of biological response to changes in water quality, and parameters such as biomass, growth and 
species composition are relatively easy to measure.  

The potential impacts of coastal power stations on phytoplankton in coastal and estuarine waters are 
considered here, notably the effects of increased water temperature, chlorination and entrainment on 
phytoplankton biomass, growth and community structure. Literature values indicate that the responses of 
phytoplankton communities to thermal discharges from coastal power plants are highly variable. These 
variable responses appear to be attributable to a combination of factors including the physical setting, the 
hydrodynamic regime and other biological processes.  

The main conclusions from the literature reviewed are below, and the outcomes for regulation are 
summarised in Table 40. 

 Planktonic algae (phytoplankton) are vulnerable to entrainment and transit through a cooling system. 

 In general, planktonic or attached algae are likely to be vulnerable to discharges, but may be entrained 
where an intake is sited near mudflats or very shallow areas of water from which benthic species may be 
swept into the water column. 

 Generation times of phytoplankton are short, so entrainment damage is unlikely to have long-term 
impacts. In most receiving waters, dilution and mixing is rapid, so discharge effects are likely to influence 
only relatively small areas and are unlikely to be significant. 

 The most likely effect of thermal discharges on phytoplankton in receiving waters is an increase in 
abundance, despite cross-plant (transit) reductions in density and primary productivity. See references in 
Langford (1990).  

 A contrary view to this has been expressed by Cushing (1976), who suggests that the onset of the 
exponential growth phase of any species which culminates in the annual bloom can be sensitive to the 
loss of as little as 1% of productivity. This loss would reduce the population maximum and later its timing, 
which in turn could imbalance the phased succession of phytoplankton and its dependent herbivores and 
ultimately reduce total production in the ecosystem. 

 



 

tr186-declassified-vsosr (1)         85 

Table 41 Summary of primary and secondary impacts of coastal power stations on water quality and 
phytoplankton. Ecological and regulatory implications are indicated (see text). Conc = 
concentrations. 

 
* Secondary impacts are indicated by codes: 1 = Water chemistry, 2 = Physical properties, 3 = Biological communities;  
a = abundance/biomass, b = species compositions, c = biological processes. 
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8.8 Impact of temperature, mechanical damage and chlorination upon the 
status of algal communities 

 
There are a number of conflicting opinions regarding the significance of any effects that power station 
operation may have upon phytoplankton or attached species. In the case of Hinkley Point, the suspended 
sediment load needs to decrease before the current limitation on phytoplankton growth – light penetration – 
becomes more favourable. Table 41 - 43 summarise the main threats to phytoplankton growth and their 
likely significance to the current development. This assessment represents best expert judgement as to 
significance and as a result the confidence is low as a specific assessment has not been carried out.   

 
Table 42 Risk of thermal input from power station operation at Hinkley Point impacting aquatic plant 

communities 

Thermal criteria 
impacting aquatic 
plants 

 Level of significance 

Threat Impact HP C HP C+B 

Not meeting Habitats 
requirements for SPAs 
and SAC 

Apart from those attached species of 
micro and macro algae in the 
immediate vicinity of the discharge, 
most temperature excess values are 
likely to result in increased 
photosynthesis and growth. 

Negligible 

 

Negligible 

 

Not meeting WFD 
requirements for 
ecological quality 
elements, based on 
phytoplankton 
multimetric tool 

This is only relevant under reduced 
suspended particulate load in the 
estuary that might result following the 
introduction of the barrage. This is 
based on temperature elevations 
increasing productivity. 

Negligible 

 

Negligible 

 

 

 

Table 43 Risk of mechanical and pressure damage through the operation at Hinkley Point impacting 
aquatic plant communities 

Mechanical and 
pressure damage 
impacting aquatic 
plants 

 Level of significance 

Threat Impact HP C HP C+B 

Not meeting Habitats 
requirements for SPAs 
and SAC 

Apart from those attached species of 
micro and macro algae in the 
immediate vicinity of the discharge, 
most temperature excess values are 
likely to result in increased 
photosynthesis and growth. 

Negligible 

 

Negligible 

 

Not meeting WFD 
requirements for 
ecological quality 
elements, based on 
phytoplankton 
multimetric tool 

Exposure to mechanical and pressure 
damage of entrained phytoplankton 
causing reduced productivity 

Negligible 

 

Negligible 
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Table 44 Risk of chlorination during the operation at Hinkley Point impacting aquatic plant communities 

Impact of 
chlorination on 
aquatic plants 

 Level of significance 

Threat Impact HP C HP C+B 
Not meeting WFD 
requirements for 
ecological quality 
elements, based on 
phytoplankton 
multimetric tool 

Exposure to chlorine of entrained 
phytoplankton causing reduced 
productivity 

Negligible 

 

Negligible 

 

Not meeting WFD 
requirements for 
ecological quality 
elements, based on 
phytoplankton 
multimetric tool 

Exposure to chlorine of phytoplankton 
in water column causing reduced 
productivity 

Negligible 

 

Negligible 

 

 

 

8.9 Temperature and chlorination effects on microbial communities 

This section is a brief consideration of the potential impacts of power station operation upon microbial 
communities.  An initial consideration is made of the potential impact of the cooling water discharge upon 
microbial communities in the receiving water.  The second part of this assessment considers the potential for 
conditions within the cooling water system to enhance the survival and growth of pahthogenic micro-
organisms that may be present in seawater.  

Few data on the effect of thermal discharge by nuclear power plants on the aquatic microbial community are 
available, with the majority of studies carried out in Asian waters. For example, decrease in bacterial 
production was observed in surface waters near a nuclear power plant in Korea (Choi et al., 2002). The 
effect could be directly linked to the thermal discharge because bacterial production increased with distance 
from the power plant. In experiments, Choi et al. (2002) demonstrated that the described effects were mainly 
caused by the addition of hypochlorite in the cooling system of the plant. A similar effect was observed in 
India, where thermal discharge from a power plant resulted in a decline of culturable aerobic heterotrophic 
bacteria accompanied by an increase of nitrate-reducing bacteria (Saravanan et al., 2008). In that study, the 
discharge also contained chlorine. However, in many cases the effect of chlorination is likely to be limited to 
the immediate vicinity of the discharge. Where a discharge is over the intertidal area, the bacterial 
community associated with biofilms on the surface of plants or structures may be affected. The attachment of 
bacteria to seaweed has been shown to play a beneficial role for macroalgal development, metabolism and 
maintenance of health (Armstrong et al., 2001; Matsuo et al., 2003, 2005; Croft et al., 2005). The risk of a 
thermal input or chlorination impacting microbial communities is shown in Table 44. 

The biofilm mode of growth is the preferred lifestyle in the microbial world as it enhances growth and survival 
by providing access to nutrients and protection from predators and antimicrobial compounds (Yildiz and 
Visick, 2009).  In addition to those biofilms that develop in the environment, there may be considerable 
biofilm development within the power station cooling system. After initial colonisation, an extensive organic 
film composed of microbial cells and extracellular polymers can accumulate. This film is quite resistant to 
removal and in addition may harbour pathogenic organisms. The following section considers some of the 
pathogenic species that have the potential to become associated with biofilms. 
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Pathogenic (ie disease-causing) bacteria enter intertidal systems from terrestrial and freshwater sources 
(Payment et al., 1989). Many of these, upon entering marine waters, are immediately stressed by salinity 
shock and/or UV irradiation. However, the ability of pathogenic bacteria to survive and propagate after 
entering marine waters represents a public health concern (Stanwell-Smith, 1991). This relates to both the 
recreational use of marine waters and the human consumption of seafood harvested from these waters. The 
survival of some pathogens upon entering marine waters may be linked to their association with aggregate 
flocs. Ultimately cells are enclosed within extracellular polymers, and the matrix provides a protective refugia 
which will buffer cells against potential stresses.  

General quality assessments that look at human pathogenic bacteria in freshwater and coastal marine water 
bodies give a good indication of potential risks. Generally, several studies have confirmed that coliform 
bacteria can survive seawater conditions but are subjected to declining numbers when temperatures are 
higher (Rhodes and Kator, 1988; Sampson et al., 2006; Hartz et al., 2008). In contrast, high load of sand and 
sediment can increase survival potential of coliforms (Sampson et al., 2006; Hartz et al., 2008). 

A group of bacteria belonging to the genus Vibrio are widespread in aquatic habitats of various salinities 
although Vibrio spp in the environment, are reported at higher levels at salinities below 25 psu (Drake et al., 
2007).   They are very common in marine and estuarine environments, and on the surfaces of marine plants 
and animals (Baumann et al.,1984). Three Vibrio species represent a serious and growing public health 
hazard: V.cholerae (toxigenic strains belonging to this group causing cholera), V.parahaemolyticus and V. 
vulnificus (European Commission, 2001). The prevalence and density of human pathogenic vibrios in the 
environment and also in seafood products are shown to be highly dependent on the ambient temperature 
with the largest numbers occurring at high sea water temperatures (e.g. optimum 37 oC, Baffone et al., 
2000).  One further key factor for environmental survival and transmission is the ability to form biofilms (i.e. 
matrix enclosed,surface-associated communities).  V.cholerae has a demonstrated capacity to produce 
biofilms but biofilm formation is likely to also be important for V.parahaemolyticus and V. vulnificus (Yildiz 
and Visick 2009). The current prevalence and distribution of pathogenic strains of V. parahaemolyticus in UK 
estuaries is not known (Lee & Rangdale, 2008). The impact of temperature on pathogenic organisms is 
shown in Table 45.   
 

 

8.10 Impact of temperature and chlorination on the status of microbial 
communities 

 

Based on this limited assessment the Hinkley Point location, with local concentration of sewage treatment 
works discharging to the estuary, a high suspended sediment load, the absence of chlorination at this stage 
and increase in water temperature in the cooling water pipework, may provide enhanced conditions under 
which pathogenic organisms can survive and grow. But as the infectious dose required is quite high and not 
all isolates may be pathogenic the significance of pathogenic organisms growth in cooling water associated 
biofilms is considered low. 
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Table 45 Impact of chlorination on microbial communities 

Impact of chlorination 
and thermal effects 
upon microbial 
communities 

 Level of significance 

Threat Impact HP C HP C+B 
Not meeting criteria for 
supporting ecological 
criteria under WFD 

Exposure to chlorine and temperature of 
biofilms in the marine environment 

Minor Minor 

 

 

 

Table 46 Impact of temperature on pathogenic organisms 

Impact of temperature 
upon the growth of 
pathogenic 
organisms in biofilm 

 Level of significance 

Threat Impact HP C HP C+B 
Not meeting criteria for 
supporting ecological 
criteria under WFD 

Exposure to chlorine and temperature of 
biofilms in the marine environment 

Negligible Negligible 
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9 Summary and Conclusions 

 
Evaluation of the predicted thermal effects from 5 runs including Hinkley B at different 
operational levels and in combination with Hinkley C   

Two models, Delft3D and an implementation of the Generalised Estuarine Transport Model, GETM, were 
used to assess thermal inputs from the planned new nuclear power station Hinkley C, against different 
guidance and regulatory standards under the Habitats and Water Framework Directives.  However, only data 
from the GETM model is presented in support of this assessment as the GETM model predictions have  
been demonstrated to represent an upper bound for plume impacts.  Runs for Hinkley C on its own (‘C) and 
Hinkley C combined with Hinkley B at 70% (Run D) or with Hinkley B at 100% (Run E) are assessed for 
compliance with various thermal criteria. Additional runs for Hinkley B at 70% operation (Run A), Hinkley B at 
100% operation (Run B) are shown in Appendix C for completeness. 
 
For European Marine Sites the thermal threshold of 23 °C as a 98 percentile for good status under the Water 
Framework Directive is considered the most appropriate to be applied to SACs and SPAs rather than the 
older interim guideline value (WQTAG160) derived from the Freshwater Fish Directive which recommended 
a 98 percentile value not > 21.5 °C.  However, as the adoption of these more up to date values is under 
discussion, the interim values are used here. 
 
Hinkley C operation alone is unlikely to meet the requirement of 21.5 °C as a 98 percentile and on its own as 
well as in combination with Hinkley B there are reasonably large areas of exceedence in terms of area 
affected although these represent small areas within the overall SPA and SAC. 
 
Applying the WQTAG 160 standards for uplift temperatures to the SAC and SPA, the area of plume at the 
surface and bed that exceeded the 2oC standard as an annual average was moderate for Hinkley C alone 
and in combination with Hinkley B as there were moderate areas affected within both the SPA and SAC. 
 

Criterion Likely result (subject to regulatory decisions on acceptable mixing 
zones 

≤21.5˚C 98 percentile Not Met by HP C 

≤2˚C uplift May be met by HP C 

≤21.5˚C 98 percentile Not met by HP C  when in combination with HP B 

 ≤2˚C uplift Not met by HP C  in combination with HP B 

 

The third assessment of temperature criteria in relation to Habitat designations relates to the thermal 
influence upon the cross-sectional area of a water body and its potential to impact migratory species. In this 
case the thermal influence upon the Severn Estuary and the Parrett Estuary were considered. Four cross 
sections were considered, one across the Severn Estuary itself (section A) and three across the Parrett 
Estuary (sections B–D), one at its mouth and two slightly upriver. This assessment relates to guidance that 
states that a maximum excess temperature of >2˚C should not prevail across more than 25% of a water 
body subject to the passage of migratory fish for more than 5% of the time. The GETM model indicated that 
only sections B and C showed potential failures however in both cases there were few annual events and 
neither cross section indicated breaches of the criteria for more than 5% of the time and, therefore, neither 
failed the criteria.    

In terms of cross-section area of the Parrett some potential exceedence of the standard occurs but although 
there are some periods when failures occur they are of low frequency and occurred only in the case of Run E 
the most extreme of the scenarios (including Hinkley C and Hinkley at 100%).  Even for run E a separate 
channel of the Parrett remained unimpacted.  For these reasons significance is considered minor. 
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Criterion Result 

Cross section not >2oC across more that 25% of 
area for more than 5% of the time 

Met for HP C  

Cross section not >2oC across more that 25% of 
area for more than 5% of the time 

Met for HP C in combination with HP B  

 

The Fourth assessment considers the thermal increase across water bodies as defined by the Water 
Framework Directive. The two water bodies concerned are the Coastal Water Bridgwater Bay and the 
Transitional Water Parrett Estuary. Two assessments were made in relation to the Waterbody 
assessment,one to consider the influence of temperature upon the overall status class and one to take 
account of the effect upon temperature uplift. 

 

To meet Good status or Good ecological potential in Water Framework Directive waterbodies 98 percentile 
temperatures must not exceed 23C and temperature uplift must be <3 ºC.   These criteria are met by 
Hinkley C operating on its own with some very small areas affected in Bridgwater Bay.  The assessment of 
Hinkley C and B in combination (Runs D and E) indicates that there are likely to be moderately large areas of 
in particular the Parrett for which exceedence of the 98 percentile and the uplift standard are likely to occur.  

Criterion Likely result (subject to regulatory decisions on acceptable mixing 
zones 

≤23˚C 98 percentile Met by Hinkley C for both water bodies 

≤3˚C uplift Met by Hinkley C  for both water bodies 

≤23˚C 98 percentile Not met by HP C  when in combination with HP B 

 ≤3˚C uplift Not met by HP C  in combination with HP B 

 

Future climate change predictions are likely to influence compliance with Water Framework Directive status, 
but temperature standards for different water bodies will be regularly reappraised by the Environment 
Agency to take account of the status baseline against which to measure climate change influence.  

The main issues in the thermal assessment relate to the weight that is applied to some of the temperature 
thresholds applied under the Habitats Directive and how this translates to real effects upon habitat.  The 
standard applied to cross-sectional area is relevant to migratory species this is complied with.   

 

Evaluation of the potential effects of chlorinating the HP C (+ HP B) cooling water system. 

Addition of chlorine to the cooling water was assessed to account for the possibility that this may be required 
under some future operational scenarios. Based on data from experimental investigations of chlorine decay 
in seawater collected in the vicinity of the proposed new intake, the GETM model was used to predict total 
residual oxidant (TRO) levels in the receiving water. Runs were performed encompassing TRO discharge 
concentrations from Hinkley Point C power station (HPC) and in combination with Hinkley point B. For 
Hinkley B the TRO concentration modelled was 0.3 mg l-1 and for Hinkley C either on its own or in 
combination the TRO concentrations modelled was 0.2 mg l-1.  The simulation was run for an April–May  
period as the most relevant time when chlorination would be applied. The results indicate that for Hinkley C 
alone the area above the Environmental Quality Standard (EQS) is relatively small on average at the bed 
where the most important sensitivities might be but with larger areas of exceedence at the surface.  For 
Hinkley B and C in combination there are greater areas above the EQS at the bed and surface and the 
importance of this will depend upon the sensitivities of habitats in these areas. 
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Criterion Likely result (subject to regulatory decisions on acceptable mixing zones 

Meeting TRO EQS Met for HP C for the SPA but with relatively small areas of exceedence in 
the SAC. 

Meeting TRO EQS Met for HP C for the Parrett but with relatively small areas of exceedence 
in Bridgwater Bay 

Meeting TRO EQS May not be met for Hinkley C and B in combination for sensitive habitats 
but areas of exceedence are relatively small for the SPA but are slightly 
higher for the SAC 

Meeting TRO EQS May not be met for Hinkley C and B in combination for Water Framework 
Directive but areas of exceedence are relatively small for the Parrett but 
are slightly higher for Bridgwater Bay 

 

Chlorination of seawater produces a number of chemical by-products. Some of these by-products persist for 
days to weeks and have the potential for accumulation and toxicity. The discharge of chlorine by-products 
was not modelled, but evidence from other plume studies was reviewed to assess the potential for effects. 
Based upon data from a number of other studies, the plume concentrations of various by-products appear 
unlikely to exceed predicted no-effect concentration thresholds within a plume area comparable with that 
used for the TRO assessment. The same issues apply regarding the actual sensitivities of habitats in these 
areas. 

 

Evaluation of the potential effects of the presence of hydrazine in the HP C cooling water  

The single scenario considered for evaluation of hydrazine impact includes both HP B and HP C in operation 
but only HP C will operationally discharge hydrazine, as HP B does not have operational discharges of 
hydrazine and therefore does not have a permit to do so.  
 
At the mean cooling water flow rate of 125 m3 s-1 the average concentration at the discharge point is 7.1 ng/l 
(this was rounded up to 0.01ug l-1 for the purposes of this assessment). Due to the relatively fast decay 
(approx 8 hours half-life) there is no residual or build up of hydrazine, so that the simulation to have been 
performed here is effectively a daily discharge but using 58 tidal cycles with differing meteorology to 
generate the mean and 95 percentile values. As for the TRO calculations the GETM runs for hydrazine 
chemical models were run for April and May 2008. Monthly means and 95 percentile values for pollutant 
concentrations were calculated using the hourly data. The SPA is unaffected by hydrazine but 77 hectares at 
the bed of the SAC is affected by a hydrazine concentration above the PNEC and this increases to 161 
hectares at the surface.   
 
The Parrett waterbody is intersected to a negligible extent by a hydrazine plume at a concentration above 
the PNEC, 3 hectares at the bed and 7 at the surface.  For Bridgwater Bay a similar pattern is seen to that of 
the designated areas (with which it overlaps) with 74 hectares of the bed and 184 hectares at the surface 
affected by a hydrazine concentration above the PNEC.   
 
Hydrazine concentrations above the PNEC only influence small areas of the bed where the greatest 
sensitivities might include sensitive organisms that cannot avoid the plume.  Although larger areas of the 
surface exceed the PNEC this potentially represents a more extreme prediction as there is evidence to 
suggest that half-life values are lower for the expected discharge concentration than those derived from 
experimental studies.  More recent and more robust toxicity studies have also provided greater confidence in 
the derivation of the PNEC and a considerably higher value has been derived but has yet to be accepted 
under the REACH regulations.  These discharges therefore may not represent a significant concern. 
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Evaluation of the potential effects of the presence of hydrazine in the HP C pulse discharge 
assessment  

 
In the hydrazine run, based on the figures for an annual mean amount of Hydrazine discharged, the acute 
PNEC is only exceeded at surface and within the vicinity of the outfall. The chronic PNEC is exceeded only 
at the surface and within 2 km either side of the discharge. Results from the pulse discharge run are very 
similar to those using a mean discharge and are not significantly different from the mean discharge 
approach. 
 

Criterion Likely result (subject to regulatory decisions on 
acceptable mixing zones 

Not exceeding PNEC Met for the SPA and for the Parrett waterbody 
although relatively small areas of exceedence did 
occur in the SAC and the Bridgwater Bay waterbody 

 

In combination plume effects on water quality 

Interaction of different factors was considered, to assess whether there is a risk of other standards being 
exceeded or whether biological impacts are likely. Elevated temperatures reduce the solubility of dissolved 
oxygen and can create stressful conditions for fish and other organisms. Based on available historical data 
and measurements taken this year, the baseline values for dissolved oxygen in the Severn appear to be 
good during most of the year in Bridgwater Bay although the Parrett Estuary has experienced oxygen sags 
during periods of low flows.   The approach used here in the specific case of Bridgewater Bay and the 
Severn Estuary, is to investigate the extent of oxygen consumption (or demand) from saturation, most 
appropriately in August, and apply that reduction to the fully saturated plume to derive a map of likely oxygen 
concentration.  Calculations of the concentration of dissolved oxygen at saturation have been derived from 
the GETM output using mean observed salinity values (31.7) based on site water quality surveys (AMEC, 
2009) data obtained in September 2009, and the derived temperature fields from each Run using the method 
of UNESCO (1986).  Two plots of oxygen concentration modeled for runs B, C and E were produced without 
and with biological demand factored in to the assessment. The dissolved oxygen concentration in the area 
immediately influenced by the thermal plume is reduced to around 6.5 mg l-1 and taking account of the 
biological demand a wider area of lower dissolved oxygen concentration is apparent.  The oxygen 
concentration nevertheless remains above 4 mg l-1 which is the lower end of the boundary conditions for 
“Good” status and therefore not considered to represent a major issue for water quality.  
 
The calculations for dissolved oxygen, show that the status of the estuary, using the maximum modelled 
temperatures maintains a good classification. The average value for the Bridgwater Bay or the Parrett 
waterbodies is High (above 5.7 mgl-1) but dips in the plume to 5 – 6 mgl-1 (Good).  The maintenance 
condition suggests a slight further decrease in dissolved oxygen but not beneath 5 mgl-1.  

Met for all designations and waterbodies based on modelling runs  B, C and E (and therefore A and D 
also) 

 

The interaction of pH and temperature with ammonia was also considered, because this influences the 
toxicity of ammonia, with increased temperatures affecting both the rate of uptake of ammonia and the form 
of ammonia to which organisms are exposed. Based on historical and more recent measurement data for 
ammonia, the concentrations in Bridgwater Bay and the Parrett are not high and the temperature elevation is 
not considered to be sufficient to create localised areas where conditions are more stressful and that form 
barriers to the passage of fish.  Nevertheless the model runs B, D and E which replicate an annual cycle and   
the Getm outputs for temperature were used with three different levels of background temperature, pH and 
salinity to derive values for the calculation of un-ionised ammonia concentration contours around the thermal 
discharges.  The maximum resulting un-ionised ammonia concentration contour was 16 ug l-1 NH3-N under 
both runs B and E and was slightly less at 11.2  ug l-1 NH3-N for run C.  In each case this value is less than 
the annual average EQS of 21 ug NH3-N for un-ionised ammonia.   
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The results from the maintenance condition of high cooling water temperatures and reduced flow, shows a 
slight increase in likely un-ionised ammonia (from 11.2 ugl-1 to 12.4 ugl-1 for Run C and the HP C 
maintenance condition respectively) but again well below the regulatory limit.  

 

Met for all designations and waterbodies based on modelling runs tested B, D and E (and therefore A 
and C also) 

 

As there is a contaminant legacy in the sediments of the Severn and a particular collecting area for fine 
sediments around Bridgwater Bay and the Parrett Estuary, it was considered relevant to assess the 
likelihood that the thermal discharge may enhance release and uptake of sediment-associated contaminants. 
An assessment of the literature indicates that the release of some metals and polycyclic hydrocarbons 
increases with temperature. Temperature increases also enhance the uptake of contaminants by organisms. 
Both these factors indicate that there is some potential for localised elevation of contaminant uptake from 
sediments. However, the potential for significant enhancement of contaminant uptake as a result of 
increased temperature is considered to be low, particularly compared with the contaminant release that 
takes place as a result of sediment remobilisation.  

The effects of thermal and chlorinated discharges were assessed with respect to phytoplankton survival and 
growth because, under changes resulting from the construction of a barrage, there may be the possibility of 
phytoplankton blooms, and the power station has the potential to both positively and negatively affect this. 
However, based on current knowledge, it is uncertain but of low likelihood that either the thermal input 
predicted or chlorination will significantly impact any future growth potential for phytoplankton communities. 

A brief assessment of the potential effects of thermal and chlorinated impacts upon microbial growth was 
also made. Microbial populations are also represented by the earlier assessments against thermal 
standards. It is noted that biofilms play an important part in the ecology of an estuary, but their resilience to 
thermal and chlorinated impacts is uncertain. Biofilms within cooling water systems can be very resistant to 
temperature and chlorination. The possibility that biofilms in power stations may incorporate pathogenic 
organisms is discussed, but the potential for this appears to be low. 

 

Conclusion 

 
The main issues for water quality legislation from the operation of new coastal nuclear power stations are the 
potential for thermal inputs (when seawater cooling is applied) to raise seawater temperatures above 
regulatory thresholds and the potential for the concentration of biocides or other process chemicals present 
in the cooling water to exceed environmental quality standards or predicted no effect concentrations. There 
may also be potential for interaction of the thermal or chemical inputs from the cooling water discharge with 
background physicochemical factors of the receiving waterbody.   
 
The thermal criteria have been evaluated here by consideration of the current status of the waterbodies that 
will receive the cooling water discharge from Hinkley C and potentially Hinkley B in combination, and by the 
use of modelling data to predict the level and extent of change that may result from power station operation 
under likely operational conditions and a range of meteorological scenarios.   
 
Hinkley C on its own met the thermal criteria but in combination with B only the cross section criteria were 
met.    
 
The assessment of chlorination of the cooling water showed similar results to the thermal assessment in that 
Hinkley C produced limited areas of above the 0.01 mg l-1 EQS at the seabed but in combination with 
Hinkley B the affected areas were more extensive.  As was the case for the temperature assessment the 
actual influence of these residual oxidant concentrations needs to be determined for species relevant to 
Hinkley Point. 
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The influence on water quality of the reducing agent hydrazine that is used in the cooling water circuits of 
boilers was also evaluated.  Limited areas of seabed in the Bridgwater Bay waterbody were indicated to 
intersect with plume concentrations above a provisional PNEC concentration although bigger areas of the 
SAC were intersected. As the current decay rate for hydrazine used in these modelling studies is considered 
to be a conservative one but more importantly because the present PNEC has a low confidence associated 
with it due to the quality of the available toxicity data it may be superseded by a recent risk assessment 
conducted under REACH for which the PNEC if accepted would considerably reduce current areas above 
the PNEC recommended.  Irrespective of new data becoming available hydrazine does not persist and 
therefore even under the current predictions its impact is expected to be low. 
 
Various in combination effects of the thermal input with physical (i.e dissolved oxygen) chemical (ammonia, 
background contaminants in water and sediment) and biological (algal and microbial biomass) factors was 
also assessed.  None of the interactions raised any major concerns regarding their influence upon water 
quality or affects on biological sensitivities.   
 
Taking all of the above into consideration, under the power station operational conditions set out in this 
report, the in combination power station runs and discharge conditions showed larger areas that  breach the 
various standards.  There are therefore options both in terms of selection of optimum discharge conditions to 
minimise areas that will potentially breach water quality criteria and for further assessment of potentially 
impacted sensitivities to determine if there is a risk of non-compliance with existing regulatory water quality 
thresholds.   
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Appendix A   

Table A. 1 Hinkley Water Quality Information – data sources currently available to BEEMS WP8 

Determinand Units Source 
Sample area 
covered 

Availability 

Temperature 

ºC 
Environment 
Agency, stored at 
Cefas 

Severn, Inner 
Bristol 
Channel 

1977–2006 

ºC 
Cefas Sapphire 
database inc. 
Hinkley PS 

Inner Bristol 
Channel, 
including long-
term records 
from Cefas 
coastal temp. 
network; see 
Figure 3 

1912–2005 

ºC 
Cefas Scarweather 
Waverider 

See Figure 3 
5/2005 to 
present 

ºC 
Cefas BEEMS 
Hinkley Point 
Waverider 

See Figure 3 
12/2008 to 
12/2009 

ºC 
Cefas BEEMS 
lander at Hinkley 

See Figure 3 
2008–09, high 
resolution 

K 

Satellite sea 
surface 
temperature (Met. 
Office ‘OSTIA’), via 
web 

1 km 
resolution, 
whole UK 

2000–2009, 
monthly 
composites 

     

Salinity 

PSS 
Environment 
Agency, stored at 
Cefas 

Severn, Inner 
Bristol 
Channel 

1977–2006 

PSS 
Cefas Sapphire 
database  

Severn, Inner 
Bristol 
Channel 

1959–2004 

PSS 
Cefas BEEMS 
lander at Hinkley at 
10m 

Hinkley; see 
Figure 2 

2008–09, high 
resolution 

Nutrients     

Nitrate µmol l-1 

Environment 
Agency, stored at 
Cefas 

Cefas Sapphire 
database 

See Figure 1 
1977–2006 

1986–2004 

Nitrite µmol l-1 
Environment 
Agency, stored at 
Cefas 

See Figure 1 
1977–2006 

1986–2004 
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Determinand Units Source 
Sample area 
covered 

Availability 

Cefas Sapphire 
database 

Ammonium µ mol l-1 

Environment 
Agency, stored at 
Cefas 

Cefas Sapphire 
database 

See Figure 1 
1977–2006 

1986–2004 

Phosphate µ mol l-1 

Environment 
Agency, stored at 
Cefas 

Cefas Sapphire 
database 

See Figure 1 
1977–2006 

1986–2004 

Silicate µ mol l-1 

Environment 
Agency, stored at 
Cefas 

Cefas Sapphire 
database 

See Figure 1 
1977–2006 

1986–2004 

     

Suspended solids (SPM) 

FTU 
Cefas BEEMS 
lander at Hinkley at 
10m 

See Figure 2 
2008–09, high 
resolution 

mg l-1 
Satellite surface 
SPM 

1km 
resolution, 
whole UK 

2002–09, daily 
and monthly 
scenes 

mg l-1 
Cefas Sapphire 
database 

Severn, Inner 
Bristol 
Channel 

1992–2004 

mg l-1 

Environment 
Agency, stored at 
Cefas 

 

Severn, Inner 
Bristol 
Channel 

1977–2006 

     

Dissolved oxygen 

mg l-1; % sat 
Cefas BEEMS 
lander at Hinkley at 
10m 

See Figure 2 
2008–09, high 
resolution 

mg l-1; % sat 
Cefas Sapphire 
database 

Severn, Inner 
Bristol 
Channel 

1992–2004 

Chlorophyll 

mg m-3 

Environment 
Agency, stored at 
Cefas 

Cefas Sapphire 
database 

  

mg m-3 
Satellite surface 
chlorophyll, at 
Cefas 

1 km 
resolution 

2002–09, daily 
scenes 
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Determinand Units Source 
Sample area 
covered 

Availability 

Relative units 
Cefas BEEMS 
lander at Hinkley at 
10m 

See Figure 2 
2008–09, high 
resolution 

Phytoplankton inc. harmful 
algae 

counts 
Various Cefas 
internal records; 
Env. Agency 

Only at 
designated 
shellfish sites 

1995–2009 

     

Biological effects     

Includes endocrine 
disruption 

 Cefas 
Various, 
Severn 

2004, 2007 

Polycyclic aromatic 
hydrocarbon (PAH) 
metabolites 

 Cefas 
Various, 
Severn 

2004, 2007 

Biomarkers or PAH 
exposure (tissues) 

 Cefas 
Various, 
Severn 

2004, 2007 

Chlorobiphenyls (sediments)  EA Wales 
Severn, Milford 
and Bristol 
Channel 

1999–2007 

Major organic constituents 
(sediments) 

 EA Wales 
Severn, Milford 
and Bristol 
Channel 

1999 

 Cefas 
Severn, Open 
Sea area 

1999–2007 

Metals and metalloids 
(sediments) 

 EA Wales 
Severn, Milford 
and Bristol 
Channel 

1999 

 Cefas 
Severn, Milford 
and Bristol 
Channel 

1999–2007 

Polycyclic aromatic 
hydrocarbons (sediments) 

 EA Wales 
Severn, Milford 
and Bristol 
Channel 

1999, 2007 

 Cefas 
Severn, Milford 
and Bristol 
Channel 

1999–2007 

Metals and metalloids 
(seawater) 

 EA Wales Severn 2007 

Dioxins (seawater)  EA Wales Severn 2007 

Major inorganic constituents 
(seawater) 

 EA Wales Severn 2007 

Hexachlorocyclohexanes 

(seawater) 
 EA Wales Severn 2007 

Organochlorines (general)  EA Wales Severn 2007 

Hexachlorocyclohexanes  Cefas  2003–07 
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Determinand Units Source 
Sample area 
covered 

Availability 

(liver) 

Dioxins (liver)  Cefas  2003–07 

Metals and metalloids (liver)  Cefas Severn 1999–2007 

Chlorobiphenyls (liver)  Cefas Severn 2003–07 

Organobromines (liver)  Cefas Severn 2003–07 

Organochlorines (liver)  Cefas Severn 2003–07 

Radioactive markers: AC-
228,AG-110M, AM-241, BE-
7,BETA DOSE, BI-214, C-
14,CA-45,CD-109,CE-
144,CM-242, CM243+244, 
CO-57,CO-58,CO-60,CR-
51,CS-134,CS-137,CS-
137+CS-134, EU-154,EU-
155,FE-55,FE-59, GAMMA 
DOSE,H-3,I-129,I-131,K-
40,MN-54,NB-95,P-32,PA-
233,PA-234M,PB-210, PB-
212,PM-147,PO-210,PU-
238,PU-239+240,PU-
241,RA-226,RA-228,RU-
103,RU-106,S-35,SB-
124,SB-125,SE-75,SR-
89,SR-90,TC-99,TE-132,TH-
232,TH-234,TH-234S, 
TOTAL ALPHA, TOTAL 
BETA,TOTAL GAMMA, 
U-234,U-238,ZN-65,ZR-
95,ZR95+NB95
 

 
Cefas Sapphire 
database 

Severn 1950(?)–2009 

 

  

 

 

 

 

 

 

 

 

 

 



 

tr186-declassified-vsosr (1)         107 

 

Appendix B  

Table B. 1 Sediment metals chemistry data for Vibro core samples for the FUGRO survey of locations in the 
vicinity of the proposed intake and outfall locations and aggregates jetty for Hinkley Point C, with samples taken 
at up to four depths. 
 
All results are           
expressed as mg/kg Cefas Action level 1 40 20 40 130 20 0.4 50 0.3 

Laboratory 
Sample Number  Sample Description Cr Ni Cu Zn As Cd Pb Hg 

2009/05315/1 VCJ9 CHEM 0.00 51 36 36 215 16 0.26 86 0.38 
2009/05316/1 VCJ9 CHEM 1.00 59 38 47 307 21 1.2 141 0.67 
2009/05317/1 VCJ9 CHEM 2.00 50 39 20 111 17 0.1 39 0.07 
2009/05318/1 VCJ9 CHEM 3.00 55 38 15 106 13 0.1 29 <0.03 
2009/05319/1 VC17 CHEM 0.00 54 33 41 246 17 0.4 103 0.52 
2009/05320/1 VC17 CHEM 1.00 6.5 6.2 2.9 20 4.6 0.04 5.6 0.03 
2009/05321/1 VC17 CHEM 2.00 46 41 31 98 19 0.69 19 0.07 
2009/05322/1 VC17 CHEM 3.00 67 52 37 162 5.1 0.49 13 0.05 
2009/05323/1 VC33 CHEM 0.00 57 33 36 217 16 0.38 94 0.46 
2009/05324/1 VC33 CHEM 1.00 6.5 5.9 2.2 18 4.2 0.04 5.2 <0.02 
2009/05325/1 VC33 CHEM 1.83 6.9 5.9 2.2 17 4 0.04 4.9 <0.02 
2009/05326/1 VCJ6 CHEM 0.00 62 38 36 234 17 0.27 97 0.36 
2009/05327/1 VCJ6 CHEM 1.00 59 40 41 150 25 0.19 89 0.16 
2009/05328/1 VCJ6 CHEM 2.00 45 32 14 87 24 0.09 28 <0.02 
2009/05329/1 VCJ6 CHEM 3.00 43 30 12 93 12 0.09 26 <0.02 
2009/05330/1 VCJ7 CHEM 0.00 55 38 32 205 17 0.27 83 0.3 
2009/05331/1 VCJ7 CHEM 1.00 38 31 43 175 22 0.2 82 0.34 
2009/05332/1 VCJ7 CHEM 2.00 45 31 17 96 15 0.11 34 0.04 
2009/05333/1 VCJ7 CHEM 3.00 44 30 13 87 12 0.07 24 0.03 
2009/05334/1 VCJ10 CHEM 0.00 52 37 31 196 15 0.23 79 0.31 
2009/05335/1 VCJ10 CHEM 1.00 31 38 36 151 22 0.08 62 0.100 
2009/05336/1 VCJ10 CHEM 2.00 26 32 10 76 19 0.1 33 <0.03 
2009/05337/1 VCJ10 CHEM 3.00 31 33 9 89 13 <0.04 25 <0.03 
2009/05338/1 VCJ17 CHEM 0.00 37 36 24 195 17 0.19 76 0.180 
2009/05339/1 VCJ17 CHEM 1.00 31 39 23 99 17 0.13 31 <0.02 
2009/05340/1 VCJ17 CHEM 2.00 36 34 11 89 13 <0.05 22 <0.03 
2009/05341/1 VCJ17 CHEM 3.00 37 39 7.4 90 16 0.06 22 <0.02 
2009/05342/1 VCJ18 CHEM 0.00 51 42 39 285 26 0.62 120 0.61 
2009/05343/1 VCJ18 CHEM 1.00 46 45 51 222 27 0.12 82 0.33 
2009/05344/1 VCJ18 CHEM 2.00 35 35 10 89 17 0.04 25 <0.02 
2009/05345/1 VCJ18 CHEM 3.00 32 31 7.3 81 14 <0.04 19 <0.03 
2009/05346/1 VCJ21 CHEM 0.00 39 35 25 195 15 0.17 63 0.2 
2009/05347/1 VCJ21 CHEM 1.00 33 30 33 151 25 0.12 72 0.39 
2009/05348/1 VCJ21 CHEM 2.00 26 31 11 76 15 0.06 25 <0.03 
2009/05349/1 VCJ21 CHEM 3.00 25 28 8.3 71 18 0.08 17 <0.02 
2009/05350/1 VC12 CHEM 0.00 34 32 25 191 16 0.19 68 0.18 
2009/05351/1 VC12 CHEM 1.00 25 32 16 90 21 0.07 33 <0.03 
2009/05352/1 VC12 CHEM 2.00 28 31 9 77 15 <0.05 27 <0.03 
2009/05353/1 VC12 CHEM 3.00 14 21 5.8 50 30 0.05 10 <0.02 
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2009/05354/1 VC12 CHEM 3.81 51 59 22 281 16 1.3 21 <0.02 
2009/05355/1 VC18 CHEM 0.00 46 30 30 220 14 0.3 86 0.38 
2009/05356/1 VC18 CHEM 1.00 13 14 5.3 39 11 0.04 8.3 <0.01 
2009/05357/1 VC18 CHEM 2.00 23 36 29 199 5.3 0.44 15 0.05 
2009/05358/1 VC18 CHEM 2.40 50 39 36 63 6.2 0.22 16 0.04 
2009/05359/1 VC9 CHEM 0.00 38 27 24 173 13 0.2 68 0.25 
2009/05360/1 VC9 CHEM 1.00 26 23 13 73 12 0.04 28 <0.02 
2009/05361/1 VC9 CHEM 2.00 43 33 13 97 16 0.09 31 <0.03 
2009/05362/1 VC9 CHEM 3.00 28 25 11 69 15 <0.04 17 <0.02 
2009/05363/1 VC9 CHEM 4.00 15 11 7.3 17 5 <0.03 8.2 <0.02 
2009/05364/1 VC9 CHEM 4.70 28 34 23 47 5.6 <0.03 24 <0.02 
2009/05365/1 VC36 CHEM 0.00 9.9 10 3.5 29 7.1 0.03 6.8 <0.02 
2009/05366/1 VC36 CHEM 1.00 54 44 31 182 12 1.5 14 0.03 
2009/05367/1 VC36 CHEM 1.94 26 32 20 68 8.1 0.19 14 0.02 

2009/05368/1 
VCJ20R CHEM 

0.00 45 58 37 121 15 0.35 25 <0.03 
2009/05369/1 VCJ20R CHEM 1.00 28 21 20 145 9.8 0.22 55 0.24 
2009/05370/1 VCJ20R CHEM 2.00 29 24 8.7 66 9.1 <0.04 19 <0.03 

2009/05371/1 VCJ20R CHEM 3.00 37 26 7.5 77 8.7 0.04 22 <0.02 

          
 mean of all samples 45.7 34.5 30.4 194.4 15.7 0.3 75.3 0.4 

   Cr Ni Cu Zn As Cd Pb Hg 
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Table B. 2 Sediment organotins data for Vibro core samples for the FUGRO survey of locations in the vicinity of 
the proposed intake and outfall locations and aggregates jetty for Hinkley Point C, with samples taken at up to 
four depths. 

All results are expressed as mg/kg   
    

Laboratory 
Sample 
Number  

Sample 
Description DBT (mg/kg) TBT (mg/kg) 

2009/05315/2 VCJ9 CHEM 0.00 <0.004 <0.006 
2009/05316/2 VCJ9 CHEM 1.00 <0.003 <0.004 
2009/05317/2 VCJ9 CHEM 2.00 <0.003 <0.005 
2009/05318/2 VCJ9 CHEM 3.00 <0.003 <0.005 
2009/05319/2 VC17 CHEM 0.00 <0.003 <0.006 
2009/05320/2 VC17 CHEM 1.00 <0.002 <0.003 
2009/05321/2 VC17 CHEM 2.00 <0.002 <0.004 
2009/05322/2 VC17 CHEM 3.00 <0.002 <0.002 
2009/05323/2 VC33 CHEM 0.00 <0.003 <0.004 
2009/05324/2 VC33 CHEM 1.00 <0.002 <0.003 
2009/05325/2 VC33 CHEM 1.83 <0.002 <0.003 
2009/05326/2 VCJ6 CHEM 0.00 <0.003 <0.005 
2009/05327/2 VCJ6 CHEM 1.00 <0.003 <0.005 
2009/05328/2 VCJ6 CHEM 2.00 <0.003 <0.004 
2009/05329/2 VCJ6 CHEM 3.00 <0.003 <0.005 
2009/05330/2 VCJ7 CHEM 0.00 <0.004 <0.007 
2009/05331/2 VCJ7 CHEM 1.00 <0.003 <0.005 
2009/05332/2 VCJ7 CHEM 2.00 <0.003 <0.004 
2009/05333/2 VCJ7 CHEM 3.00 <0.003 <0.004 
2009/05334/2 VCJ10 CHEM 0.00 <0.004 <0.006 
2009/05335/2 VCJ10 CHEM 1.00 <0.004 <0.007 
2009/05336/2 VCJ10 CHEM 2.00 <0.003 <0.004 
2009/05337/2 VCJ10 CHEM 3.00 <0.003 <0.005 
2009/05338/2 VCJ17 CHEM 0.00 <0.004 <0.006 
2009/05339/2 VCJ17 CHEM 1.00 <0.003 <0.005 
2009/05340/2 VCJ17 CHEM 2.00 <0.003 <0.005 
2009/05341/2 VCJ17 CHEM 3.00 <0.003 <0.005 
2009/05342/2 VCJ18 CHEM 0.00 <0.004 <0.005 
2009/05343/2 VCJ18 CHEM 1.00 <0.003 <0.004 
2009/05344/2 VCJ18 CHEM 2.00 <0.003 <0.004 
2009/05345/2 VCJ18 CHEM 3.00 <0.002 <0.004 
2009/05346/2 VCJ21 CHEM 0.00 <0.004 <0.006 
2009/05347/2 VCJ21 CHEM 1.00 <0.003 <0.004 
2009/05348/2 VCJ21 CHEM 2.00 <0.002 <0.004 
2009/05349/2 VCJ21 CHEM 3.00 <0.002 <0.003 
2009/05350/2 VC12 CHEM 0.00 <0.003 <0.005 
2009/05351/2 VC12 CHEM 1.00 <0.003 <0.004 
2009/05352/2 VC12 CHEM 2.00 <0.002 <0.002 
2009/05353/2 VC12 CHEM 3.00 <0.002 0.015 
2009/05354/2 VC12 CHEM 3.81 <0.002 0.050 
2009/05355/2 VC18 CHEM 0.00 <0.003 <0.005 
2009/05356/2 VC18 CHEM 1.00 <0.002 <0.003 
2009/05357/2 VC18 CHEM 2.00 <0.002 <0.003 
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2009/05358/2 VC18 CHEM 2.40 <0.002 <0.003 
2009/05359/2 VC9 CHEM 0.00 <0.003 <0.005 
2009/05360/2 VC9 CHEM 1.00 <0.002 <0.004 
2009/05361/2 VC9 CHEM 2.00 <0.003 <0.005 
2009/05362/2 VC9 CHEM 3.00 <0.002 0.014 
2009/05363/2 VC9 CHEM 4.00 <0.002 <0.003 
2009/05364/2 VC9 CHEM 4.70 <0.002 0.017 
2009/05365/2 VC36 CHEM 0.00 <0.002 <0.002 
2009/05366/2 VC36 CHEM 1.00 <0.002 <0.003 
2009/05367/2 VC36 CHEM 1.94 <0.002 <0.003 

2009/05368/2 
VCJ20R CHEM 

0.00 <0.003 <0.004 

2009/05369/2 
VCJ20R CHEM 

1.00 <0.002 <0.003 

2009/05370/2 
VCJ20R CHEM 

2.00 <0.003 <0.004 

2009/05371/2 
VCJ20R CHEM 

3.00 <0.002 <0.004 
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Table B. 3 Sediment organochlorine pesticides data for Vibro core samples for the FUGRO survey of locations in 
the vicinity of the proposed intake and outfall locations and aggregates jetty for Hinkley Point C, with samples 
taken at up to four depths. 
All results are expressed as ug/kg        
         
Laboratory 

Sample 
Number  

Sample 
Description HCB AHCH GHCH DIELDRIN PPDDE PPTDE PPDDT 

2009/05315/5 VCJ9 CHEM 0.00 0.33 <0.2 <0.2 0.2 0.55 1.7 2.22 
2009/05316/5 VCJ9 CHEM 1.00 0.82 0.34 <0.2 1.3 1.45 7.53 0.56 
2009/05317/5 VCJ9 CHEM 2.00 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 
2009/05318/5 VCJ9 CHEM 3.00 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 
2009/05319/5 VC17 CHEM 0.00 0.49 <0.2 <0.2 0.75 0.91 2.93 0.32 
2009/05320/5 VC17 CHEM 1.00 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 
2009/05321/5 VC17 CHEM 2.00 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 
2009/05322/5 VC17 CHEM 3.00 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 0.21 
2009/05323/5 VC33 CHEM 0.00 0.63 0.3 <0.2 1.27 0.97 2.38 0.79 
2009/05324/5 VC33 CHEM 1.00 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 
2009/05325/5 VC33 CHEM 1.83 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 
2009/05326/5 VCJ6 CHEM 0.00 0.34 0.22 <0.2 0.26 0.49 1.07 <0.2 
2009/05327/5 VCJ6 CHEM 1.00 <0.2 <0.2 <0.2 <0.2 <0.2 0.23 <0.2 
2009/05328/5 VCJ6 CHEM 2.00 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 
2009/05329/5 VCJ6 CHEM 3.00 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 
2009/05330/5 VCJ7 CHEM 0.00 0.86 0.2 <0.2 0.25 0.41 1.03 0.23 
2009/05331/5 VCJ7 CHEM 1.00 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 
2009/05332/5 VCJ7 CHEM 2.00 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 
2009/05333/5 VCJ7 CHEM 3.00 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 
2009/05334/5 VCJ10 CHEM 0.00 0.27 <0.2 <0.2 <0.2 0.4 0.85 <0.2 
2009/05335/5 VCJ10 CHEM 1.00 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 
2009/05336/5 VCJ10 CHEM 2.00 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 
2009/05337/5 VCJ10 CHEM 3.00 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 
2009/05338/5 VCJ17 CHEM 0.00 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 
2009/05339/5 VCJ17 CHEM 1.00 0.25 <0.2 <0.2 0.29 0.46 1 0.24 
2009/05340/5 VCJ17 CHEM 2.00 <0.2 <0.2 <0.2 <0.2 <0.2 0.25 <0.2 
2009/05341/5 VCJ17 CHEM 3.00 <0.2 <0.2 <0.2 <0.2 <0.2 0.28 <0.2 
2009/05342/5 VCJ18 CHEM 0.00 0.5 0.25 <0.2 0.51 0.96 2.82 1.7 
2009/05343/5 VCJ18 CHEM 1.00 <0.2 <0.2 <0.2 <0.2 <0.2 0.28 <0.2 
2009/05344/5 VCJ18 CHEM 2.00 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 
2009/05345/5 VCJ18 CHEM 3.00 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 
2009/05346/5 VCJ21 CHEM 0.00 0.28 <0.2 <0.2 0.5 0.51 1.04 <0.2 
2009/05347/5 VCJ21 CHEM 1.00 <0.2 <0.2 <0.2 0.29 <0.2 <0.2 <0.2 
2009/05348/5 VCJ21 CHEM 2.00 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 
2009/05349/5 VCJ21 CHEM 3.00 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 
2009/05350/5 VC12 CHEM 0.00 0.33 0.34 <0.2 0.58 0.54 1.84 0.62 
2009/05351/5 VC12 CHEM 1.00 <0.2 <0.2 <0.2 0.34 <0.2 <0.2 <0.2 
2009/05352/5 VC12 CHEM 2.00 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 
2009/05353/5 VC12 CHEM 3.00 <0.2 0.29 <0.2 0.37 <0.2 <0.2 <0.2 
2009/05354/5 VC12 CHEM 3.81 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 0.78 
2009/05355/5 VC18 CHEM 0.00 0.62 0.27 <0.2 1.42 0.99 2.41 0.26 
2009/05356/5 VC18 CHEM 1.00 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 
2009/05357/5 VC18 CHEM 2.00 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 0.41 
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2009/05358/5 VC18 CHEM 2.40 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 0.23 
2009/05359/5 VC9 CHEM 0.00 0.33 0.21 <0.2 0.28 0.69 1.38 <0.2 
2009/05360/5 VC9 CHEM 1.00 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 
2009/05361/5 VC9 CHEM 2.00 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 
2009/05362/5 VC9 CHEM 3.00 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 
2009/05363/5 VC9 CHEM 4.00 <0.2 <0.2 <0.2 0.33 <0.2 <0.2 <0.2 
2009/05364/5 VC9 CHEM 4.70 <0.2 <0.2 <0.2 0.36 <0.2 <0.2 <0.2 
2009/05365/5 VC36 CHEM 0.00 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 
2009/05366/5 VC36 CHEM 1.00 <0.2 <0.2 <0.2 0.38 <0.2 <0.2 1.41 
2009/05367/5 VC36 CHEM 1.94 <0.2 <0.2 <0.2 0.3 <0.2 <0.2 0.57 

2009/05368/5 
VCJ20R CHEM 

0.00 0.49 0.32 <0.2 0.8 0.71 2.85 0.53 

2009/05369/5 
VCJ20R CHEM 

1.00 <0.2 <0.2 <0.2 0.32 <0.2 <0.2 <0.2 

2009/05370/5 
VCJ20R CHEM 

2.00 <0.2 <0.2 <0.2 0.32 <0.2 <0.2 <0.2 

2009/05371/5 
VCJ20R CHEM 

3.00 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 
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Table B. 4 Sediment Polychlorinated biphenyl data (expressed as ug kg-1) for Vibro core samples for the FUGRO 
survey of locations in the vicinity of the proposed intake and outfall locations and aggregates jetty for HP C, with 
samples taken at up to four depths. 

Laboratory 
Sample 
Number  

Sample 
Description CB#28 CB#52 CB#101 CB#118 CB#153 CB#138 CB#180 

2009/05315/5 VCJ9 CHEM 0.00 9.6 4 4 4.1 6.6 6.8 5 
2009/05316/5 VCJ9 CHEM 1.00 61.4 26.2 24 19.9 31.6 29 22.7 
2009/05317/5 VCJ9 CHEM 2.00 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 
2009/05318/5 VCJ9 CHEM 3.00 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 
2009/05319/5 VC17 CHEM 0.00 15 6.4 6.1 6.1 10 10 8 
2009/05320/5 VC17 CHEM 1.00 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 
2009/05321/5 VC17 CHEM 2.00 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 
2009/05322/5 VC17 CHEM 3.00 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 
2009/05323/5 VC33 CHEM 0.00 16 6.5 6.6 6.5 11 11 10 
2009/05324/5 VC33 CHEM 1.00 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 
2009/05325/5 VC33 CHEM 1.83 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 
2009/05326/5 VCJ6 CHEM 0.00 7 2.8 2.8 3.3 4.9 5.2 4.2 
2009/05327/5 VCJ6 CHEM 1.00 0.35 <0.2 <0.2 <0.2 0.25 <0.2 <0.2 
2009/05328/5 VCJ6 CHEM 2.00 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 
2009/05329/5 VCJ6 CHEM 3.00 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 
2009/05330/5 VCJ7 CHEM 0.00 5.8 2.4 2.6 3 5.1 5 4.2 
2009/05331/5 VCJ7 CHEM 1.00 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 
2009/05332/5 VCJ7 CHEM 2.00 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 
2009/05333/5 VCJ7 CHEM 3.00 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 
2009/05334/5 VCJ10 CHEM 0.00 6 2.4 2.3 2.6 4 4.3 3.4 
2009/05335/5 VCJ10 CHEM 1.00 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 
2009/05336/5 VCJ10 CHEM 2.00 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 
2009/05337/5 VCJ10 CHEM 3.00 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 
2009/05338/5 VCJ17 CHEM 0.00 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 
2009/05339/5 VCJ17 CHEM 1.00 6.2 2.4 2.4 2.6 4 4.4 3.6 
2009/05340/5 VCJ17 CHEM 2.00 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 
2009/05341/5 VCJ17 CHEM 3.00 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 
2009/05342/5 VCJ18 CHEM 0.00 17 6.4 6.2 6.2 11 11 9.2 
2009/05343/5 VCJ18 CHEM 1.00 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 
2009/05344/5 VCJ18 CHEM 2.00 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 
2009/05345/5 VCJ18 CHEM 3.00 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 
2009/05346/5 VCJ21 CHEM 0.00 5.8 2.5 2.7 3.1 4.8 5.2 4 
2009/05347/5 VCJ21 CHEM 1.00 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 
2009/05348/5 VCJ21 CHEM 2.00 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 
2009/05349/5 VCJ21 CHEM 3.00 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 
2009/05350/5 VC12 CHEM 0.00 8.1 3.5 3.4 3.6 5.5 5.7 4.2 
2009/05351/5 VC12 CHEM 1.00 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 
2009/05352/5 VC12 CHEM 2.00 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 
2009/05353/5 VC12 CHEM 3.00 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 
2009/05354/5 VC12 CHEM 3.81 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 
2009/05355/5 VC18 CHEM 0.00 15 6.3 6.2 6.3 10 11 8.8 
2009/05356/5 VC18 CHEM 1.00 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 
2009/05357/5 VC18 CHEM 2.00 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 
2009/05358/5 VC18 CHEM 2.40 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 
2009/05359/5 VC9 CHEM 0.00 8.1 3.3 3.3 3.7 5.8 6 5.3 
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2009/05360/5 VC9 CHEM 1.00 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 
2009/05361/5 VC9 CHEM 2.00 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 
2009/05362/5 VC9 CHEM 3.00 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 
2009/05363/5 VC9 CHEM 4.00 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 
2009/05364/5 VC9 CHEM 4.70 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 
2009/05365/5 VC36 CHEM 0.00 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 
2009/05366/5 VC36 CHEM 1.00 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 
2009/05367/5 VC36 CHEM 1.94 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 

2009/05368/5 
VCJ20R CHEM 

0.00 17 8.1 6.2 5.6 8.3 8.8 6.3 

2009/05369/5 
VCJ20R CHEM 

1.00 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 

2009/05370/5 
VCJ20R CHEM 

2.00 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 

2009/05371/5 
VCJ20R CHEM 

3.00 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 
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Table B. 5 Sediment Polychlorinated biphenyl data (expressed as ug kg-1) for Vibro core samples for the FUGRO 
survey of locations in the vicinity of the proposed intake and outfall locations and aggregates jetty for HP C, with 
samples taken at up to four depths. 

Laboratory 
Sample 
Number  

Sample 
Description CB#118 CB#153 CB#138 CB#180 CB#31 CB#105 CB#128 

2009/05315/5 VCJ9 CHEM 0.00 4.1 6.6 6.8 5 6.5 1.7 1.2 
2009/05316/5 VCJ9 CHEM 1.00 19.9 31.6 29 22.7 43.4 7.3 4.7 
2009/05317/5 VCJ9 CHEM 2.00 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 
2009/05318/5 VCJ9 CHEM 3.00 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 
2009/05319/5 VC17 CHEM 0.00 6.1 10 10 8 10 2.6 1.9 
2009/05320/5 VC17 CHEM 1.00 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 
2009/05321/5 VC17 CHEM 2.00 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 
2009/05322/5 VC17 CHEM 3.00 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 
2009/05323/5 VC33 CHEM 0.00 6.5 11 11 10 10 2.5 1.9 
2009/05324/5 VC33 CHEM 1.00 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 
2009/05325/5 VC33 CHEM 1.83 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 
2009/05326/5 VCJ6 CHEM 0.00 3.3 4.9 5.2 4.2 4.4 1.2 0.92 
2009/05327/5 VCJ6 CHEM 1.00 <0.2 0.25 <0.2 <0.2 0.22 <0.2 <0.2 
2009/05328/5 VCJ6 CHEM 2.00 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 
2009/05329/5 VCJ6 CHEM 3.00 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 
2009/05330/5 VCJ7 CHEM 0.00 3 5.1 5 4.2 3.8 1.1 0.89 
2009/05331/5 VCJ7 CHEM 1.00 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 
2009/05332/5 VCJ7 CHEM 2.00 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 
2009/05333/5 VCJ7 CHEM 3.00 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 
2009/05334/5 VCJ10 CHEM 0.00 2.6 4 4.3 3.4 3.9 1 0.84 
2009/05335/5 VCJ10 CHEM 1.00 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 
2009/05336/5 VCJ10 CHEM 2.00 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 
2009/05337/5 VCJ10 CHEM 3.00 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 
2009/05338/5 VCJ17 CHEM 0.00 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 
2009/05339/5 VCJ17 CHEM 1.00 2.6 4 4.4 3.6 4.1 1.1 0.89 
2009/05340/5 VCJ17 CHEM 2.00 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 
2009/05341/5 VCJ17 CHEM 3.00 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 
2009/05342/5 VCJ18 CHEM 0.00 6.2 11 11 9.2 11 2.5 2 
2009/05343/5 VCJ18 CHEM 1.00 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 
2009/05344/5 VCJ18 CHEM 2.00 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 
2009/05345/5 VCJ18 CHEM 3.00 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 
2009/05346/5 VCJ21 CHEM 0.00 3.1 4.8 5.2 4 4.2 1.2 1.1 
2009/05347/5 VCJ21 CHEM 1.00 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 
2009/05348/5 VCJ21 CHEM 2.00 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 
2009/05349/5 VCJ21 CHEM 3.00 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 
2009/05350/5 VC12 CHEM 0.00 3.6 5.5 5.7 4.2 5.6 1.4 1 
2009/05351/5 VC12 CHEM 1.00 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 
2009/05352/5 VC12 CHEM 2.00 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 
2009/05353/5 VC12 CHEM 3.00 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 
2009/05354/5 VC12 CHEM 3.81 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 
2009/05355/5 VC18 CHEM 0.00 6.3 10 11 8.8 11 2.5 1.9 
2009/05356/5 VC18 CHEM 1.00 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 
2009/05357/5 VC18 CHEM 2.00 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 
2009/05358/5 VC18 CHEM 2.40 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 
2009/05359/5 VC9 CHEM 0.00 3.7 5.8 6 5.3 5.8 1.5 1.1 
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2009/05360/5 VC9 CHEM 1.00 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 
2009/05361/5 VC9 CHEM 2.00 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 
2009/05362/5 VC9 CHEM 3.00 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 
2009/05363/5 VC9 CHEM 4.00 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 
2009/05364/5 VC9 CHEM 4.70 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 
2009/05365/5 VC36 CHEM 0.00 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 
2009/05366/5 VC36 CHEM 1.00 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 
2009/05367/5 VC36 CHEM 1.94 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 

2009/05368/5 
VCJ20R CHEM 

0.00 5.6 8.3 8.8 6.3 13 2.5 1.6 

2009/05369/5 
VCJ20R CHEM 

1.00 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 

2009/05370/5 
VCJ20R CHEM 

2.00 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 

2009/05371/5 
VCJ20R CHEM 

3.00 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 
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Table B. 6 Sediment Polychlorinated biphenyl data (expressed as ug kg-1) for Vibro core samples for the FUGRO 
survey of locations in the vicinity of the proposed intake and outfall locations and aggregates jetty for Hinkley 
Point C, with samples taken at up to four depths. 

Laboratory 
Sample 
Number  

Sample 
Description CB#149 CB#170 CB#183 CB#187 CB#18 CB#44 

2009/05315/5 VCJ9 CHEM 0.00 5.8 2.4 1.1 3.1 4.9 3.4 
2009/05316/5 VCJ9 CHEM 1.00 28.5 8.9 5.6 14.2 30 20.8 
2009/05317/5 VCJ9 CHEM 2.00 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 
2009/05318/5 VCJ9 CHEM 3.00 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 
2009/05319/5 VC17 CHEM 0.00 8.9 3.6 1.7 4.7 7.8 5.4 
2009/05320/5 VC17 CHEM 1.00 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 
2009/05321/5 VC17 CHEM 2.00 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 
2009/05322/5 VC17 CHEM 3.00 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 
2009/05323/5 VC33 CHEM 0.00 9.8 4 2.1 5.6 8.1 4.8 
2009/05324/5 VC33 CHEM 1.00 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 
2009/05325/5 VC33 CHEM 1.83 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 
2009/05326/5 VCJ6 CHEM 0.00 4.1 1.7 0.89 2.3 2.3 1.8 
2009/05327/5 VCJ6 CHEM 1.00 0.23 <0.2 <0.2 <0.2 <0.2 <0.2 
2009/05328/5 VCJ6 CHEM 2.00 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 
2009/05329/5 VCJ6 CHEM 3.00 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 
2009/05330/5 VCJ7 CHEM 0.00 4 1.7 0.92 2.5 2.4 1.7 
2009/05331/5 VCJ7 CHEM 1.00 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 
2009/05332/5 VCJ7 CHEM 2.00 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 
2009/05333/5 VCJ7 CHEM 3.00 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 
2009/05334/5 VCJ10 CHEM 0.00 3.4 1.3 0.7 2 3 2 
2009/05335/5 VCJ10 CHEM 1.00 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 
2009/05336/5 VCJ10 CHEM 2.00 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 
2009/05337/5 VCJ10 CHEM 3.00 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 
2009/05338/5 VCJ17 CHEM 0.00 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 
2009/05339/5 VCJ17 CHEM 1.00 3.4 1.5 0.77 2.1 3 2.2 
2009/05340/5 VCJ17 CHEM 2.00 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 
2009/05341/5 VCJ17 CHEM 3.00 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 
2009/05342/5 VCJ18 CHEM 0.00 8.6 3.8 1.9 5.2 7.9 6.1 
2009/05343/5 VCJ18 CHEM 1.00 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 
2009/05344/5 VCJ18 CHEM 2.00 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 
2009/05345/5 VCJ18 CHEM 3.00 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 
2009/05346/5 VCJ21 CHEM 0.00 3.9 1.7 0.88 2.4 3.1 2.4 
2009/05347/5 VCJ21 CHEM 1.00 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 
2009/05348/5 VCJ21 CHEM 2.00 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 
2009/05349/5 VCJ21 CHEM 3.00 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 
2009/05350/5 VC12 CHEM 0.00 4.6 1.8 1 2.6 2.8 2.4 
2009/05351/5 VC12 CHEM 1.00 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 
2009/05352/5 VC12 CHEM 2.00 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 
2009/05353/5 VC12 CHEM 3.00 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 
2009/05354/5 VC12 CHEM 3.81 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 
2009/05355/5 VC18 CHEM 0.00 8.6 3.7 1.8 4.7 8.4 5.4 
2009/05356/5 VC18 CHEM 1.00 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 
2009/05357/5 VC18 CHEM 2.00 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 
2009/05358/5 VC18 CHEM 2.40 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 
2009/05359/5 VC9 CHEM 0.00 5.3 2.1 1.1 2.9 4 2.8 
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2009/05360/5 VC9 CHEM 1.00 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 
2009/05361/5 VC9 CHEM 2.00 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 
2009/05362/5 VC9 CHEM 3.00 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 
2009/05363/5 VC9 CHEM 4.00 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 
2009/05364/5 VC9 CHEM 4.70 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 
2009/05365/5 VC36 CHEM 0.00 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 
2009/05366/5 VC36 CHEM 1.00 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 
2009/05367/5 VC36 CHEM 1.94 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 

2009/05368/5 
VCJ20R CHEM 

0.00 7.1 2.7 1.5 3.7 11 6.4 

2009/05369/5 
VCJ20R CHEM 

1.00 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 

2009/05370/5 
VCJ20R CHEM 

2.00 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 

2009/05371/5 
VCJ20R CHEM 

3.00 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 
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Table B. 7 Sediment Polychlorinated biphenyl data (expressed as ug kg-1) for Vibro core samples for the FUGRO 
survey of locations in the vicinity of the proposed intake and outfall locations and aggregates jetty for HP C, with 
samples taken at up to four depths. 

Laboratory 
Sample 
Number  

Sample 
Description CB#47 CB#49 CB#66 CB#110 CB#158 CB#141 

2009/05315/5 VCJ9 CHEM 0.00 1.5 2.9 5.6 6.4 0.67 1.2 
2009/05316/5 VCJ9 CHEM 1.00 10.7 20.2 34.1 30.3 2.8 5.5 
2009/05317/5 VCJ9 CHEM 2.00 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 
2009/05318/5 VCJ9 CHEM 3.00 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 
2009/05319/5 VC17 CHEM 0.00 2.3 4.6 8.4 9.8 0.99 1.9 
2009/05320/5 VC17 CHEM 1.00 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 
2009/05321/5 VC17 CHEM 2.00 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 
2009/05322/5 VC17 CHEM 3.00 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 
2009/05323/5 VC33 CHEM 0.00 2.2 4.8 9.1 10 1.1 2.2 
2009/05324/5 VC33 CHEM 1.00 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 
2009/05325/5 VC33 CHEM 1.83 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 
2009/05326/5 VCJ6 CHEM 0.00 1.1 2 4.1 4.5 0.5 0.88 
2009/05327/5 VCJ6 CHEM 1.00 <0.2 <0.2 0.22 0.21 <0.2 <0.2 
2009/05328/5 VCJ6 CHEM 2.00 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 
2009/05329/5 VCJ6 CHEM 3.00 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 
2009/05330/5 VCJ7 CHEM 0.00 0.9 1.7 3.5 4.2 0.5 0.97 
2009/05331/5 VCJ7 CHEM 1.00 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 
2009/05332/5 VCJ7 CHEM 2.00 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 
2009/05333/5 VCJ7 CHEM 3.00 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 
2009/05334/5 VCJ10 CHEM 0.00 0.9 1.7 3.8 3.8 0.43 0.75 
2009/05335/5 VCJ10 CHEM 1.00 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 
2009/05336/5 VCJ10 CHEM 2.00 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 
2009/05337/5 VCJ10 CHEM 3.00 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 
2009/05338/5 VCJ17 CHEM 0.00 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 
2009/05339/5 VCJ17 CHEM 1.00 0.9 1.7 3.6 4.2 0.42 0.76 
2009/05340/5 VCJ17 CHEM 2.00 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 
2009/05341/5 VCJ17 CHEM 3.00 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 
2009/05342/5 VCJ18 CHEM 0.00 2.4 4.8 10 10 1.1 1.9 
2009/05343/5 VCJ18 CHEM 1.00 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 
2009/05344/5 VCJ18 CHEM 2.00 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 
2009/05345/5 VCJ18 CHEM 3.00 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 
2009/05346/5 VCJ21 CHEM 0.00 1 1.9 4.1 4.6 0.5 0.86 
2009/05347/5 VCJ21 CHEM 1.00 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 
2009/05348/5 VCJ21 CHEM 2.00 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 
2009/05349/5 VCJ21 CHEM 3.00 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 
2009/05350/5 VC12 CHEM 0.00 1.3 2.4 4.7 5.1 0.55 1 
2009/05351/5 VC12 CHEM 1.00 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 
2009/05352/5 VC12 CHEM 2.00 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 
2009/05353/5 VC12 CHEM 3.00 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 
2009/05354/5 VC12 CHEM 3.81 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 
2009/05355/5 VC18 CHEM 0.00 2.2 4.4 8.9 9.9 0.98 1.9 
2009/05356/5 VC18 CHEM 1.00 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 
2009/05357/5 VC18 CHEM 2.00 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 
2009/05358/5 VC18 CHEM 2.40 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 
2009/05359/5 VC9 CHEM 0.00 1.3 2.5 5 5.8 0.63 1.1 
2009/05360/5 VC9 CHEM 1.00 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 
2009/05361/5 VC9 CHEM 2.00 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 
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2009/05362/5 VC9 CHEM 3.00 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 
2009/05363/5 VC9 CHEM 4.00 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 
2009/05364/5 VC9 CHEM 4.70 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 
2009/05365/5 VC36 CHEM 0.00 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 
2009/05366/5 VC36 CHEM 1.00 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 
2009/05367/5 VC36 CHEM 1.94 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 

2009/05368/5 
VCJ20R CHEM 

0.00 2.5 5.4 8.5 8.9 0.82 1.5 

2009/05369/5 
VCJ20R CHEM 

1.00 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 

2009/05370/5 
VCJ20R CHEM 

2.00 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 

2009/05371/5 
VCJ20R CHEM 

3.00 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 
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Table B. 8 Sediment Polychlorinated biphenyl data (expressed as ug kg-1) for Vibro core samples for the FUGRO 
survey of locations in the vicinity of the proposed intake and outfall locations and aggregates jetty for HP C, with 
samples taken at up to four depths. 

Laboratory 
Sample 
Number  

Sample 
Description CB#151 CB#156 CB#194 

2009/05315/5 VCJ9 CHEM 0.00 1.6 0.59 1.6 
2009/05316/5 VCJ9 CHEM 1.00 8.2 2.2 6.1 
2009/05317/5 VCJ9 CHEM 2.00 <0.2 <0.2 <0.2 
2009/05318/5 VCJ9 CHEM 3.00 <0.2 <0.2 <0.2 
2009/05319/5 VC17 CHEM 0.00 2.5 0.84 2.4 
2009/05320/5 VC17 CHEM 1.00 <0.2 <0.2 <0.2 
2009/05321/5 VC17 CHEM 2.00 <0.2 <0.2 <0.2 
2009/05322/5 VC17 CHEM 3.00 <0.2 <0.2 <0.2 
2009/05323/5 VC33 CHEM 0.00 2.9 0.96 2.7 
2009/05324/5 VC33 CHEM 1.00 <0.2 <0.2 <0.2 
2009/05325/5 VC33 CHEM 1.83 <0.2 <0.2 <0.2 
2009/05326/5 VCJ6 CHEM 0.00 1.1 0.49 1.2 
2009/05327/5 VCJ6 CHEM 1.00 <0.2 <0.2 <0.2 
2009/05328/5 VCJ6 CHEM 2.00 <0.2 <0.2 <0.2 
2009/05329/5 VCJ6 CHEM 3.00 <0.2 <0.2 <0.2 
2009/05330/5 VCJ7 CHEM 0.00 1.2 0.48 1.1 
2009/05331/5 VCJ7 CHEM 1.00 <0.2 <0.2 <0.2 
2009/05332/5 VCJ7 CHEM 2.00 <0.2 <0.2 <0.2 
2009/05333/5 VCJ7 CHEM 3.00 <0.2 <0.2 <0.2 
2009/05334/5 VCJ10 CHEM 0.00 0.94 0.41 0.96 
2009/05335/5 VCJ10 CHEM 1.00 <0.2 <0.2 <0.2 
2009/05336/5 VCJ10 CHEM 2.00 <0.2 <0.2 <0.2 
2009/05337/5 VCJ10 CHEM 3.00 <0.2 <0.2 <0.2 
2009/05338/5 VCJ17 CHEM 0.00 <0.2 <0.2 <0.2 
2009/05339/5 VCJ17 CHEM 1.00 0.92 0.46 1.1 
2009/05340/5 VCJ17 CHEM 2.00 <0.2 <0.2 <0.2 
2009/05341/5 VCJ17 CHEM 3.00 <0.2 <0.2 <0.2 
2009/05342/5 VCJ18 CHEM 0.00 2.4 0.88 2.7 
2009/05343/5 VCJ18 CHEM 1.00 <0.2 <0.2 <0.2 
2009/05344/5 VCJ18 CHEM 2.00 <0.2 <0.2 <0.2 
2009/05345/5 VCJ18 CHEM 3.00 <0.2 <0.2 <0.2 
2009/05346/5 VCJ21 CHEM 0.00 1.1 0.58 1.2 
2009/05347/5 VCJ21 CHEM 1.00 <0.2 <0.2 <0.2 
2009/05348/5 VCJ21 CHEM 2.00 <0.2 <0.2 <0.2 
2009/05349/5 VCJ21 CHEM 3.00 <0.2 <0.2 <0.2 
2009/05350/5 VC12 CHEM 0.00 1.3 0.53 1.2 
2009/05351/5 VC12 CHEM 1.00 <0.2 <0.2 <0.2 
2009/05352/5 VC12 CHEM 2.00 <0.2 <0.2 <0.2 
2009/05353/5 VC12 CHEM 3.00 <0.2 <0.2 <0.2 
2009/05354/5 VC12 CHEM 3.81 <0.2 <0.2 <0.2 
2009/05355/5 VC18 CHEM 0.00 2.4 0.9 2.3 
2009/05356/5 VC18 CHEM 1.00 <0.2 <0.2 <0.2 
2009/05357/5 VC18 CHEM 2.00 <0.2 <0.2 <0.2 
2009/05358/5 VC18 CHEM 2.40 <0.2 <0.2 <0.2 
2009/05359/5 VC9 CHEM 0.00 1.4 0.51 1.3 
2009/05360/5 VC9 CHEM 1.00 <0.2 <0.2 <0.2 
2009/05361/5 VC9 CHEM 2.00 <0.2 <0.2 <0.2 
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2009/05362/5 VC9 CHEM 3.00 <0.2 <0.2 <0.2 
2009/05363/5 VC9 CHEM 4.00 <0.2 <0.2 <0.2 
2009/05364/5 VC9 CHEM 4.70 <0.2 <0.2 <0.2 
2009/05365/5 VC36 CHEM 0.00 <0.2 <0.2 <0.2 
2009/05366/5 VC36 CHEM 1.00 <0.2 <0.2 <0.2 
2009/05367/5 VC36 CHEM 1.94 <0.2 <0.2 <0.2 

2009/05368/5 
VCJ20R CHEM 

0.00 2.1 0.76 1.7 

2009/05369/5 
VCJ20R CHEM 

1.00 <0.2 <0.2 <0.2 

2009/05370/5 
VCJ20R CHEM 

2.00 <0.2 <0.2 <0.2 

2009/05371/5 
VCJ20R CHEM 

3.00 <0.2 <0.2 <0.2 
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Table B. 9 Sediment Polycyclic aromatic hydrocarbon data (expressed as ug kg-1) and total hydrocarbon data 
(THC) for Vibro core samples for the FUGRO survey of locations in the vicinity of the proposed intake and 
outfall locations and aggregates jetty for HP C, with samples taken at up to four depths. Canadian Threshold 
Effects Level (TEL) and Probable Effects Level (PEL) values are shown at the top and values that exceed these 
are highlighted.  
THC results are expressed as mg/kg  PAH results are expressed as ug/kg 

  TEL 34.6    5.87 

  PEL 391    128 
Sample 

Depth 

Total 
Hydrocarbon 
Concentration 
(THC) 

Naphthalene methyl 
naphthalenes 

dimethyl 
naphthalenes 

trimethyl 
naphthalenes 

Acenaphthylene 

VCJ9 0 437 261.33 545.55 928.03 1231.52 27.76 
VCJ9 1 882 775.32 1216.10 1719.43 2165.75 98.21 
VCJ9 2 122 17.46 91.03 171.73 275.41 <0.1 
VCJ9 3 38 11.06 40.10 70.76 117.87 <0.1 
VC17 0 732 476.08 830.81 1258.67 1670.42 41.70 
VC17 1 4 0.59 2.55 6.63 17.18 <0.1 
VC17 2 9 1.14 3.86 6.35 11.35 <0.1 
VC17 3 154 9.16 20.95 36.86 55.13 <0.1 
VC33 0 655 382.73 541.39 1000.66 1142.99 27.66 
VC33 1 6.6 0.81 3.97 12.59 26.10 <0.1 
VC33 1.83 19 <0.1 2.03 7.01 18.48 <0.1 
VCJ6 0 467 225.69 344.28 812.23 940.33 20.52 
VCJ6 1 362 107.19 200.17 496.27 697.23 14.18 
VCJ6 2 51 8.63 23.96 55.34 94.02 <0.1 
VCJ6 3 47 7.45 34.69 76.47 115.61 <0.1 
VCJ7 0 480 13.55 107.56 210.25 307.40 3.46 
VCJ7 1 670 8.45 42.05 84.44 136.34 5.05 
VCJ7 2 133 13.42 106.54 213.29 331.05 1.79 
VCJ7 3 44 6.97 34.98 71.90 119.20 0.55 
VCJ10 0 456 197.12 457.65 752.65 1060.74 18.42 
VCJ10 1 426 129.33 313.43 643.44 880.08 12.99 
VCJ10 2 124 11.52 66.41 142.51 249.80 <0.1 
VCJ10 3 52 7.77 33.89 68.04 115.15 <0.1 
VCJ17 0 470 186.72 413.17 678.92 855.06 21.33 
VCJ17 1 249 39.04 169.66 435.5 716.39 4.64 
VCJ17 2 54 10.09 48.86 76.76 135.82 <0.1 
VCJ17 3 45 7.33 37.23 83.87 148.85 <0.1 
VCJ18 0 582 321.36 901.71 1067.87 1368.56 40.65 
VCJ18 1 479 312.49 535.58 906.37 1167.37 14.52 
VCJ18 2 83 16.35 57.29 111.61 185.22 1.68 
VCJ18 3 31 7.81 25.21 37.64 70.34 <0.1 
VCJ21 0 433 220.95 415.23 709.72 710.06 26.14 
VCJ21 1 574 198.00 491.38 807.26 1079.99 14.95 
VCJ21 2 175 17.85 90.11 217.45 376.91 <0.1 
VCJ21 3 98 7.27 37.12 85.34 193.50 <0.1 
VC12 0 493 218.98 428.30 687.55 731.57 27.11 
VC12 1 143 25.75 98.35 191.10 291.95 <0.1 
VC12 2 58 11.66 31.95 71.54 117.27 <0.1 
VC12 3 53 3.11 9.41 28.33 60.76 <0.1 
VC12 3.81 17 3.55 3.69 <0.1 <0.1 <0.1 
VC18 0 714 486.69 739.24 1074.00 1260.63 37.24 
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VC18 1 16 <0.1 <0.1 <0.1 <0.1 <0.1 
VC18 2 41 7.89 28.95 37.84 43.06 <0.1 
VC18 2.4 115 13.13 53.25 69.34 84.2 <0.1 
VC9 0 634 293.05 634.74 948.99 1139.36 28.54 
VC9 1 112 16.7 92.31 145.37 202.65 <0.1 
VC9 2 48 7.46 30.66 60.04 84.13 <0.1 
VC9 3 33 3.11 14.83 33.64 52.18 <0.1 
VC9 4 7.5 3.28 2.92 4.13 6.34 <0.1 
VC9 4.7 18 6.65 7.69 8.99 14.57 <0.1 
VC36 0 3.6 1.4 4.24 11.32 17.55 <0.1 
VC36 1 25 4.14 6.07 7.66 10.77 <0.1 
VC36 1.94 42 8.6 57.09 78.84 99.92 <0.1 

VCJ20R 0 541 303.53 614.2 983.36 1377.78 34.16 
VCJ20R 1 105 16.98 88.21 167.86 294.26 <0.1 
VCJ20R 2 60 9.48 43.12 72.13 152.28 <0.1 

VCJ20R 3 39 6.9 31.72 63.3 120.87 <0.1 
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Table B. 10 Sediment Polycyclic aromatic hydrocarbon data (expressed as ug kg-1) for Vibro core samples for the 
FUGRO survey of locations in the vicinity of the proposed intake and outfall locations and aggregates jetty for 
HP C, with samples taken at up to four depths. Canadian Threshold Effects Level (TEL) and Probable Effects 
Level (PEL) values are shown at the top and values that exceed these are highlighted.  
 

 TEL 6.71 21.2 86.7 46.9  113 

 PEL 88.9 144 544 245  1494 
Sample 

Depth 

Acenapthene Fluorene Phenanthrene Anthracene methyl 
phenanthrene 

Fluoranthene 

VCJ9 0 70.51 185.50 477.10 165.21 646.80 897.06 
VCJ9 1 239.15 535.12 1170.55 428.21 1194.78 2175.75 
VCJ9 2 3.00 11.73 53.72 6.96 139.26 50.11 
VCJ9 3 1.38 6.63 21.07 2.30 31.87 17.83 
VC17 0 126.65 305.98 768.74 271.26 927.06 1409.49 
VC17 1 <0.1 <0.1 <0.1 <0.1 3.65 2.52 
VC17 2 <0.1 <0.1 <0.1 <0.1 5.75 3.19 
VC17 3 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 
VC33 0 98.50 226.67 687.04 260.64 809.06 1135.80 
VC33 1 <0.1 1.38 <0.1 <0.1 6.08 1.85 
VC33 1.83 <0.1 1.98 <0.1 <0.1 5.60 2.02 
VCJ6 0 42.94 109.89 386.80 103.16 520.22 602.37 
VCJ6 1 40.00 83.51 288.09 87.50 377.42 345.02 
VCJ6 2 <0.1 3.17 19.01 1.72 69.06 27.14 
VCJ6 3 <0.1 5.89 19.50 2.66 34.67 19.48 
VCJ7 0 10.54 25.14 407.76 150.88 555.61 671.76 
VCJ7 1 11.75 41.84 638.13 288.72 863.40 1029.86 
VCJ7 2 3.26 13.30 46.98 6.50 109.07 30.53 
VCJ7 3 1.74 5.47 20.80 1.79 38.79 16.68 

VCJ10 0 52.65 132.97 404.3 132.74 543.35 650.56 
VCJ10 1 60.18 129.67 397.88 129.67 561.62 425.53 
VCJ10 2 <0.1 6.58 36.39 3.36 91.47 20.83 
VCJ10 3 <0.1 4.75 25.43 2.32 38.49 16.98 
VCJ17 0 49.25 111.84 408.27 136.68 577.23 578.27 
VCJ17 1 18.92 26.13 164.09 19.6 322.84 66.16 
VCJ17 2 1.49 5.92 38.6 3.23 50.06 25.02 
VCJ17 3 1.85 6.04 32.7 2.17 41.87 16.94 
VCJ18 0 109.36 246.24 705.83 286.94 789.28 1023.97 
VCJ18 1 110.98 269.48 721.62 198.84 809.07 679.58 
VCJ18 2 1.61 11.82 64.06 11.05 76.31 60.98 
VCJ18 3 <0.1 3.13 10.19 0.99 24.19 9.10 
VCJ21 0 69.84 98.01 336.97 91.87 416.11 663.21 
VCJ21 1 84.72 177.60 569.21 179.02 803.40 687.14 
VCJ21 2 <0.1 12.07 51.11 4.35 140.41 25.41 
VCJ21 3 2.43 5.77 22.85 2.37 61.24 17.52 
VC12 0 69.48 131.24 494.97 175.13 518.65 753.55 
VC12 1 5.72 12.53 67.37 7.00 144.83 32.92 
VC12 2 <0.1 4.83 23.75 2.88 50.95 18.28 
VC12 3 <0.1 <0.1 <0.1 <0.1 25.99 3.10 
VC12 3.81 <0.1 <0.1 <0.1 <0.1 4.92 2.53 
VC18 0 115.72 247.17 676.16 286.85 787.71 997.82 
VC18 1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 
VC18 2 3.16 1.98 9.32 1.8 13.05 11 
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VC18 2.4 5.59 3.94 14.31 2.63 25.85 18.64 
VC9 0 80.49 184.15 661.19 242.92 614.11 1022.3 
VC9 1 3.57 11.48 56.16 8.65 90.35 30.39 
VC9 2 <0.1 4.37 20.28 3 30.35 18.6 
VC9 3 <0.1 1.52 10.99 1.11 19.3 4.28 
VC9 4 <0.1 <0.1 2.41 0.72 3.19 2.43 
VC9 4.7 0.92 1.68 8.25 2.95 14.03 21.81 

VC36 0 <0.1 0.6 3.38 0.49 4.52 2.57 
VC36 1 <0.1 1.1 2.31 0.44 3.99 1.35 
VC36 1.94 <0.1 <0.1 14.14 1.23 36.96 15.49 

VCJ20R 0 94.13 206.95 506.78 201.45 732.4 956.2 
VCJ20R 1 2.47 11.14 46.38 4.62 114.58 29.9 
VCJ20R 2 1.97 4.89 22.05 1.58 45.95 21.62 

VCJ20R 3 1.36 4.57 17.63 1.28 36.04 14.39 
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Table B. 11 Sediment Polycyclic aromatic hydrocarbon data (expressed as ug kg-1) for Vibro core samples for the 
FUGRO survey of locations in the vicinity of the proposed intake and outfall locations and aggregates jetty for 
HP C, with samples taken at up to four depths. Canadian Threshold Effects Level (TEL) and Probable Effects 
Level (PEL) values are shown at the top and values that exceed these are highlighted.  
 

 TEL 153 74.8 108  
 PEL 1398 693 846  

Sample 
Description 

depth Pyrene Benz[a]anthracene Chrysene Benzo[b]fluoranthene 

VCJ9 0 706.37 514.63 685.53 902.20 
VCJ9 1 1721.51 1117.40 1425.26 1762.10 
VCJ9 2 42.58 32.44 43.53 46.72 
VCJ9 3 13.74 9.17 5.85 18.27 
VC17 0 1080.35 842.11 939.14 1273.84 
VC17 1 1.59 <0.1 <0.1 1.42 
VC17 2 3.14 <0.1 <0.1 3.66 
VC17 3 <0.1 <0.1 <0.1 <0.1 
VC33 0 870.27 575.23 643.48 906.69 
VC33 1 1.24 <0.1 <0.1 <0.1 
VC33 1.83 1.81 <0.1 <0.1 <0.1 
VCJ6 0 476.38 340.36 403.38 552.20 
VCJ6 1 284.82 214.55 188.60 247.52 
VCJ6 2 20.43 <0.1 <0.1 20.07 
VCJ6 3 13.39 12.45 6.87 15.30 
VCJ7 0 564.31 357.16 495.76 617.86 
VCJ7 1 866.57 522.05 663.15 881.03 
VCJ7 2 29.48 19.69 24.28 31.57 
VCJ7 3 12.93 11.33 8.38 14.80 

VCJ10 0 538.23 290.53 404.19 615.53 
VCJ10 1 361.35 236.86 269.62 322.32 
VCJ10 2 17.47 10.52 9.60 23.01 
VCJ10 3 12.88 10.10 7.46 15.11 
VCJ17 0 457.55 342.33 426.42 547.20 
VCJ17 1 69.35 61.94 83.7 90.58 
VCJ17 2 17.91 11.2 6.87 21.69 
VCJ17 3 13.45 <0.1 <0.1 14.3 
VCJ18 0 772.54 580.29 660.24 982.19 
VCJ18 1 503.59 315.24 389.05 477.38 
VCJ18 2 45.09 30.5 31.03 45.45 
VCJ18 3 8.20 <0.1 <0.1 5.76 
VCJ21 0 495.36 346.73 437.70 558.44 
VCJ21 1 482.77 277.99 315.93 497.26 
VCJ21 2 22.31 17.47 20.46 17.73 
VCJ21 3 13.87 7.56 5.99 14.78 
VC12 0 545.37 322.70 375.38 658.33 
VC12 1 31.48 31.78 47.30 52.67 
VC12 2 14.81 <0.1 <0.1 24.57 
VC12 3 4.33 <0.1 <0.1 6.37 
VC12 3.81 2.15 <0.1 <0.1 7.50 
VC18 0 825.34 574.92 673.17 1095.45 
VC18 1 <0.1 <0.1 <0.1 <0.1 
VC18 2 11.44 <0.1 <0.1 11.54 
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VC18 2.4 18.95 <0.1 <0.1 26.45 
VC9 0 833.26 565.19 563.29 769.26 
VC9 1 27.47 30.36 23.15 37.81 
VC9 2 15.07 <0.1 <0.1 19.6 
VC9 3 4.11 <0.1 <0.1 1.96 
VC9 4 1.37 1.19 3.18 10.22 
VC9 4.7 24.31 3.97 8.34 32.02 

VC36 0 1.96 1.4 1.83 2.04 
VC36 1 2.13 1.43 1.02 5.88 
VC36 1.94 18.94 <0.1 <0.1 39.17 

VCJ20R 0 707.47 584.7 720.28 1224.57 
VCJ20R 1 28.03 17.88 26.96 50.91 
VCJ20R 2 16.2 <0.1 <0.1 27.75 

VCJ20R 3 11.74 <0.1 <0.1 879.65 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

tr186-declassified-vsosr (1)         129 

Table B. 12 Sediment Polycyclic aromatic hydrocarbon data (expressed as ug kg-1) for Vibro core samples for the 
FUGRO survey of locations in the vicinity of the proposed intake and outfall locations and aggregates jetty for 
HP C, with samples taken at up to four depths. Canadian Threshold Effects Level (TEL) and Probable Effects 
Level (PEL) values are shown at the top and values that exceed these are highlighted.  
 

 TEL   88.8  
 PEL   763  

Sample 
Description 

depth Benzo[k]fluoranthene Benzo[e]pyrene Benzo[a]pyrene Perylene 

VCJ9 0 321.56 517.28 518.17 195.73 
VCJ9 1 692.60 1013.71 1218.01 445.07 
VCJ9 2 11.78 38.25 15.21 438.71 
VCJ9 3 4.57 8.70 4.38 864.68 
VC17 0 515.98 752.77 834.47 395.70 
VC17 1 <0.1 0.92 <0.1 1.78 
VC17 2 <0.1 1.83 <0.1 10.72 
VC17 3 <0.1 <0.1 <0.1 <0.1 
VC33 0 308.58 533.87 549.96 215.79 
VC33 1 <0.1 <0.1 <0.1 <0.1 
VC33 1.83 <0.1 <0.1 <0.1 <0.1 
VCJ6 0 176.48 318.08 296.92 130.48 
VCJ6 1 87.19 153.39 137.38 151.27 
VCJ6 2 5.03 13.50 6.63 320.01 
VCJ6 3 3.15 9.14 3.30 715.95 
VCJ7 0 197.11 384.78 386.02 152.86 
VCJ7 1 307.66 528.61 569.14 234.47 
VCJ7 2 6.60 30.13 11.54 347.79 
VCJ7 3 3.19 7.37 1.87 712.63 

VCJ10 0 195.65 365.38 366.74 148.61 
VCJ10 1 115.08 206.10 197.82 161.32 
VCJ10 2 4.14 16.52 5.24 281.60 
VCJ10 3 3.18 8.70 2.98 838.66 
VCJ17 0 189.71 318.18 321.84 140.10 
VCJ17 1 20.18 66.16 33.37 121.37 
VCJ17 2 6.75 13.09 7.22 335.15 
VCJ17 3 2.06 9.13 3.26 453.41 
VCJ18 0 364.08 576.87 641.31 222.5 
VCJ18 1 155.21 298.31 273.89 440.24 
VCJ18 2 11.76 25.76 19.8 442.02 
VCJ18 3 1.58 2.74 2.08 320.85 
VCJ21 0 196.84 317.19 324.46 135.41 
VCJ21 1 186.55 300.71 286.37 222.06 
VCJ21 2 5.17 22.51 11.95 288.79 
VCJ21 3 3.23 9.71 3.85 572.05 
VC12 0 218.41 350.22 382.01 207.39 
VC12 1 8.88 43.70 17.70 417.19 
VC12 2 4.51 16.77 6.78 926.84 
VC12 3 2.16 6.74 2.58 83.75 
VC12 3.81 0.97 8.17 <0.1 0.69 
VC18 0 334.61 690.80 777.45 339.34 
VC18 1 <0.1 <0.1 <0.1 <0.1 
VC18 2 2.08 8.09 1.85 <0.1 
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VC18 2.4 5.35 17.05 5.07 <0.1 
VC9 0 297.79 416.27 476.01 224.66 
VC9 1 12.6 28.25 14.77 474.99 
VC9 2 6.86 12.14 7.58 588.92 
VC9 3 0.25 5.93 0.54 314.03 
VC9 4 1.8 8.62 0.65 7.33 
VC9 4.7 5.03 27.22 1.87 <0.1 

VC36 0 0.5 1.6 1 8.44 
VC36 1 0.94 5.21 1.15 5.76 
VC36 1.94 7.18 25.75 4.73 2.83 

VCJ20R 0 530.26 693.25 678.86 247.87 
VCJ20R 1 14.3 43.04 15.49 130.37 
VCJ20R 2 9.26 15.53 6.67 494.56 

VCJ20R 3 16.1 2.8 12.97 4.17 
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Table B. 13 Sediment Polycyclic aromatic hydrocarbon data (expressed as ug kg-1) for Vibro core samples for the 
FUGRO survey of locations in the vicinity of the proposed intake and outfall locations and aggregates jetty for 
HP C, with samples taken at up to four depths. Canadian Threshold Effects Level (TEL) and Probable Effects 
Level (PEL) values are shown at the top and values that exceed these are highlighted.  
 

 TEL   6.22 

 PEL   135 

Sample 
Description 

depth Indeno[1,2,3-
cd]pyrene 

Benzo[g,h,i]perylene Dibenz[a,h]anthracene 

VCJ9 0 346.64 283.16 78.81 
VCJ9 1 717.68 637.62 183.25 
VCJ9 2 10.35 18.21 4.07 
VCJ9 3 6.99 9.04 2.13 
VC17 0 593.22 492.80 148.17 
VC17 1 <0.1 0.49 <0.1 
VC17 2 0.48 0.91 <0.1 
VC17 3 <0.1 <0.1 <0.1 
VC33 0 477.62 444.39 118.05 
VC33 1 <0.1 <0.1 <0.1 
VC33 1.83 <0.1 <0.1 <0.1 
VCJ6 0 295.77 286.90 76.75 
VCJ6 1 117.47 129.23 45.76 
VCJ6 2 5.94 13.52 1.19 
VCJ6 3 5.37 7.56 1.79 
VCJ7 0 316.83 265.25 77.59 
VCJ7 1 449.90 382.40 105.91 
VCJ7 2 14.55 21.11 5.63 
VCJ7 3 5.80 8.56 1.81 

VCJ10 0 310.34 258.14 71.79 
VCJ10 1 155.80 140.19 39.86 
VCJ10 2 7.52 16.83 2.92 
VCJ10 3 6.29 9.12 1.52 
VCJ17 0 298.79 251.18 67.33 
VCJ17 1 20.17 37.74 12.03 
VCJ17 2 9.84 11.68 2.24 
VCJ17 3 5.32 10.06 1.11 
VCJ18 0 547.58 458.17 129.42 
VCJ18 1 207.27 192.36 49.39 
VCJ18 2 1.33 1.93 0.47 
VCJ18 3 1.07 2.41 <0.1 
VCJ21 0 243.84 190.14 51.32 
VCJ21 1 222.49 210.64 54.65 
VCJ21 2 9.18 24.34 6.05 
VCJ21 3 9.41 9.84 1.73 
VC12 0 361.11 292.29 80.43 
VC12 1 15.02 26.22 5.38 
VC12 2 7.92 11.02 1.66 
VC12 3 2.25 5.69 <0.1 
VC12 3.81 4.46 11.09 <0.1 
VC18 0 582.96 532.88 132.27 
VC18 1 <0.1 <0.1 <0.1 
VC18 2 3.07 9.15 1.07 
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VC18 2.4 5.14 18.47 1.49 
VC9 0 265.85 254.94 63.69 
VC9 1 6.7 14.51 3.28 
VC9 2 4.69 7.05 0.78 
VC9 3 0.95 2.96 <0.1 
VC9 4 4.8 11.38 1.23 
VC9 4.7 16.53 38.01 3.4 

VC36 0 1.17 1.36 0.26 
VC36 1 1.87 5 0.57 
VC36 1.94 15.04 28.66 3.68 

VCJ20R 0 546.22 491.91 126.47 
VCJ20R 1 11.78 25.42 3.46 
VCJ20R 2 5.87 13.4 1.92 

VCJ20R 3 5.64 10.3 1.44 
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Table B. 14 Radionuclide concentration data for Vibro core samples for the FUGRO survey of locations in the 
vicinity of the proposed intake and outfall locations and aggregates jetty for Hinkley Point C, with samples taken 
at up to four depths.  
 
All results are expressed as Bq/kg dry        
          

Sampled date 
Sample 

Lsn  Depth cm VC No 
Am-
241 %error 

Co-
60 %error 

Cs-
137 %error 

09/11/2009 1230 0.0 - 1.0 VCJ9 <0.67 *- <0.40 *- 23.52 4.53% 

09/11/2009 1231 
4.35 - 
4.42 VCJ9 <1.24 *- <0.30 *- <0.30 *- 

09/11/2009 1232 0.0 - 1.0 VC17 <1.38 *- <0.30 *- 36.73 4.37% 

09/11/2009 1233 
3.00 - 
3.08 VC17 <0.62 *- <0.30 *- <0.30 *- 

15/11/2009 1234 0.0 - 1.0 VC9 0.65 38.19% <0.40 *- 26.27 4.48% 

15/11/2009 1235 
4.70 - 
4.80 VC9 <0.54 *- <0.30 *- <0.30 *- 

15/11/2009 1236 0.0 - 1.0 VC36 <0.42 *- <0.50 *- 0.98 24.57% 

15/11/2009 1237 
1.94 - 
2.16 VC36 <0.51 *- <0.30 *- <0.30 *- 

17/11/2009 1238 0.0 - 1.0 VCJ20R <1.37 *- <0.30 *- 43.14 4.35% 

17/11/2009 1239 
3.00 - 
4.12 VCJ20R <0.63 *- <0.40 *- <0.30 *- 

 

Table B. 15 Radionuclide concentration data for Vibro core samples for the FUGRO survey of locations in the 
vicinity of the proposed intake and outfall locations and aggregates jetty for Hinkley Point C, with samples taken 
at up to four depths. 
 
All results are expressed as Bq/kg dry        
          

Sampled date Sample Lsn 
K-
40 %error 

Ra-
226 %error 

Th-
232 %error 

U-
238 %error 

09/11/2009 1230 673 3.92% 25.25 5.88% 29.71 5.64% 48.73 7.49% 
09/11/2009 1231 580 3.88% 27.65 6.43% 33.29 5.19% 46.13 8.84% 
09/11/2009 1232 654 3.87% 24.46 6.22% 33.78 5.37% 43.98 8.11% 
09/11/2009 1233 584 3.91% 71.25 5.40% 29.32 5.53% 71.23 6.19% 
15/11/2009 1234 664 3.90% 22.43 6.17% 29.47 5.57% 39.46 7.80% 
15/11/2009 1235 614 3.89% 30.3 5.64% 40.73 5.03% 41.25 6.67% 
15/11/2009 1236 370 4.16% 15.56 7.35% 22.36 7.19% 30.83 8.48% 
15/11/2009 1237 480 3.93% 29.1 5.64% 27.32 5.43% 50.9 7.04% 
17/11/2009 1238 674 3.87% 25.29 6.09% 33.1 5.36% 50.25 9.94% 

17/11/2009 1239 480 3.95% 73.57 5.39% 25.85 5.62% 68.56 6.34% 
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Appendix C  

The following sections present temperature assessments made for sensitive habitats, cross-sectional area 
and Water Framework Directive waterbodies using two models, GETM and Delft3D and include 
assessments of Hinkley B on its own.   

C.1 Temperature elevation predicted for sensitive habitats 

C.1.1 Results of applying current guidance on assessing the impact of 
thermal discharges on European Marine Sites 

Environment Agency guidance on applying the Habitats regulations to water quality permissions to discharge 
(Operational instruction 141_07, 2008) suggests that site based standards such as those recommended 
under the Water Framework Directive are applied but also makes reference to water quality related to 
guidance on Marine Protected Areas (WQTAG 160,Guidance on assessing the impact of thermal discharges 
on European Marine Sites, also cited in Turnpenny and Liney, 2006). This assessment considers it 
appropriate to read across the thermal threshold of 23 °C as a 98 percentile for good status under the water 
Framework Directive to the candidate SAC and SPA rather than the older interim guideline value derived 
from the Freshwater Fish Directive which recommended a 98 percentile value not > 21.5 °C which is 
particularly targeted at the protection of salmonid fish for which migratory passage is already considered in 
the cross-section guidance value.   

Five different assessments were made against temperature criteria and these are summarised in Figure C1.  
Where relevant the 98 percentile 20.4 C for Hinkley Point, based on the Cefas inshore temperature network 
over a 32 year period to 2009, is used to determine relevant excess temperature values to model. The area 
intersects for different habitats at the bed and the surface are provided in the following Tables: 

Table C.1 Areas of plume with >23°C as a 98 percentile at the bed 
Table C.2 Areas of plume with >23°C as a 98 percentile at the surface 
Table C.3  Areas of plume with >3°C uplift at bed 
Table C.4  Areas of plume with >3°C uplift at surface 
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Figure C1 Assessments made against temperature standards using both models1 
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Table C. 1 Plume area at the bed in hectares and as a percentage of the designated area). Mean averaged over 
year >2.6°C added to the 98 percentile for a value of 23 °C (area is that is affected over a year for GETM and a 
spring neap cycle for Delft3D 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
3 Shapefile downloaded from JNCC website on 17/06/2010, area calculated in Cadcorp in OSGB, BNG  
4 Shapefile downloaded from Natural England website on 18/06/2010, area calculated in Cadcorp in OSGB, BNG 

Area of 
plume at 
bed 
>23°C 

Special 
Protected Area  
(SPA) 
Severn Estuary 
UK9015022 
(24663 ha)3 

National nature 
Reserve 
(NNR) 
Bridgewater 
Bay, UK1007190 
(2639 ha)4 

Special Area of 
Conservation(S
AC) 
Severn Estuary  
UK00130309 
(73715 ha)1 

RAMSAR 
Convention  
Wetlands 
area 
Severn 
Estuary 
UK11081 
(24033 ha)1 

Site of special 
scientific 
interest 
(SSSI) 
Bridgewater 
Bay (6237 ha)2 

SSSI 
Blue 
Anchor to 
Lilstock 
Coast  
 
 
(675 ha)2 

Run A 
GETM 

0 ha 0 ha 0.4 ha (<0.01 %) 0 ha 0 ha 
 

Run B 
GETM 105 ha (0.4 %) 105 ha (4 %) 108 ha (0.1 %) 

105 ha 
(0.4 %) 105 ha (1.7 %)  

Run C 
GETM 

0 ha 0 ha 1.9 ha (<0.01 %) 0 ha 0 ha 
 

Run D 
GETM 855 ha (3.5 %) 855 ha (32 %) 939 ha (1.3 %) 

855 ha 
(3.6 %) 855 ha (14 %)  

Run E 
GETM 

1022 ha (4 %) 1022 ha (39 %) 1232 ha (1.7 %) 1022 ha 
(4 %) 

1022 ha (16 %) 
 

       
Run A 
Delft3d 

4 ha (0.01 %) 4 ha (0.14 %) 4 ha (<0.01 %) 4 ha (0.02 %) 4 ha (0.06 %) 
 

Run B 
Delft3d 12 ha (0.05 %) 12 ha (0.5 %) 12 ha (0.02 %) 

12 ha 
(0.05 %) 12 ha (0.2 %) 

 

Run C 
Delft3d 

0 ha 0 ha 0.1 ha (<0.01 %) 0 ha 0 ha 
 

Run D 
Delft3d 8 ha (0.03 %) 8 ha (0.3 %) 9 ha (0.01 %) 8 ha (0.03 %) 8 ha (0.1 %) 

 

Run E 
Delft3d 

26 ha (0.1 %) 26 ha (1 %) 26 ha (0.04 %) 26 ha (0.1 %) 26 ha (0.4 %)  
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Table C. 2 Plume area at the surface in hectares and as a percentage of the designated area). Mean averaged 
over year >2.6°C added to the 98 percentile for a value of 23 °C (area is that is affected over a year for GETM 
and a spring neap cycle for Delft3D 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
5 Shapefile downloaded from JNCC website on 17/06/2010, area calculated in Cadcorp in OSGB, BNG  
6 Shapefile downloaded from Natural England website on 18/06/2010, area calculated in Cadcorp in OSGB, BNG 

Area of 
plume 
at 
surface 
>23°C 

Special 
Protected Area  
(SPA) 
Severn Estuary 
UK9015022 
(24663 ha)5 

National nature 
Reserve 
(NNR) 
Bridgewater 
Bay, UK1007190 
(2639 ha)6 

Special Area 
of 
Conservation 
(SAC) 
Severn 
Estuary  
UK00130309 
(73715 ha)1 

RAMSAR 
Convention  
Wetlands 
area 
Severn 
Estuary 
UK11081 
(24033 ha)1 

Site of special 
scientific 
interest 
(SSSI) 
Bridgewater 
Bay (6237 ha)2 

SSSI 
Blue Anchor 
to Lilstock 
Coast  
 
 
(675 ha)2 

Run A 
GETM 

0.06 ha 
(<0.01 %) 

0.06 ha 
(<0.01 %) 

0.8 ha 
(<0.01 %) 

0.06 ha 
(<0.01 %) 
 

0.06 ha 
(<0.01 %) 

0 ha  

Run B 
GETM 

79 ha (0.3 %) 79 ha (3 %) 87 ha (0.1 %) 79 ha (0.3 %) 79 ha (0.9 %) 0 ha 

Run C 
GETM 0 ha 0 ha 9 ha (0.01 %) 0 ha 0 ha 0 ha 

Run D 
GETM 

363 ha (1.5 %) 362 ha (14 %) 429 ha (0.6 %) 363 ha (1.5 %) 363 ha (4%) 0 ha 

Run E 
GETM 

669 ha (2.7 %) 669 ha (25 %) 844 ha (1.2 %) 669 ha (2.8 %) 669 ha (7.3 %) 0 ha 

       
Run A 
Delft3d 14 ha (0.05 %) 14ha (0.5 %) 15 ha (0.02 %) 14 ha (0.06 %) 14 ha (0.15 %) 0 ha 

Run B 
Delft3d 

22 ha (0.09 %) 22 ha (0.8 %) 31 ha (0.04 %) 22 ha (0.09 %) 22 ha (0.24 %) 0 ha 

Run C 
Delft3d 0 ha 0 ha 0 ha 0 ha 0 ha 

0 ha 
 

Run D 
Delft3d 

20 ha (0.08 %) 20 ha (0.8 %) 25 ha (0.03 %) 20 ha (0.08 %) 20 ha (0.2 % 
0 ha 
 

Run E 
Delft3d 39ha (0.16 %) 39ha (0.5 %) 61ha (0.08 %) 39ha (0.16 %) 39ha (0.2 %) 

0 ha 
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Table C. 3 Interaction of the plume at the bed with the designated regions. Mean uplift at bed averaged over 
year >3°C (area of respective designated area that is affected in hectares and as a percentage of the designated 
area) over a year for GETM and a spring neap cycle for Delft3D. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
7 Shapefile downloaded from JNCC website on 17/06/2010, area calculated in Cadcorp in OSGB, BNG  
8 Shapefile downloaded from Natural England website on 18/06/2010, area calculated in Cadcorp in OSGB, BNG 

Area of 
plume at 
bed >3°C 
uplift 

Special 
Protected Area  
(SPA) 
Severn Estuary 
UK9015022 
(24663 ha)7 

National nature 
Reserve 
(NNR) 
Bridgewater Bay, 
UK1007190 
(2639 ha)8 

Special Area of 
Conservation 
(SAC) 
Severn Estuary  
UK00130309 
(73715 ha)1 

RAMSAR 
Convention  
Wetlands 
area 
Severn 
Estuary 
UK11081 
(24033 ha)1 

Site of special 
scientific interest 
(SSSI) 
Bridgewater Bay 
(6237 ha)2 

SSSI 
Blue Anchor 
to Lilstock 
Coast  
 
 
(675 ha)2 

Run A 
GETM 0 ha 0 ha 0.03 ha (<0.01 %) 0 ha 0 ha 0 ha 

Run B 
GETM 

41 ha (0.2 %) 41 ha (1.5 %) 42 ha (0.06 %) 41 ha (0.2 %) 41 ha (0.65 %) 0 ha 

Run C 
GETM 0 ha 0 ha 0.4 ha (<0.01 %) 0 ha 0 ha 0 ha 

Run D 
GETM 

371 ha (1.5 %) 371 ha (14 %) 393 ha (0.5 %) 371 ha (1.5 %) 371 ha (6 %) 0 ha 

Run E 
GETM 

748 ha (3 %) 748 ha (28 %) 811 ha (1 %) 748 ha (3%) 748 ha (12 %) 0 ha 

       
Run A 
Delft3d 

3 ha (0.01 %) 3 ha (0.1%) 3 ha (<0.01 %) 3 ha (0.01 %) 3 ha (0.05 %) 0 ha 

Run B 
Delft3d 

9 ha (0.04 %) 9 ha (0.35 %) 9 ha (0.01 %) 9 ha (0.04 %) 9 ha (0.15 %) 0 ha 

Run C 
Delft3d 0 ha 0 ha 0 ha 0 ha 0 ha 0 ha 

Run D 
Delft3d 

5 ha (0.02 %) 5 ha (0.2 %) 5 ha (0.01 %) 5 ha (0.02 %) 5 ha (0.08 %) 0 ha 

Run E 
Delft3d 16 ha (0.07 %) 16 ha (0.6%) 16 ha (0.02 %) 16 ha (0.07 %) 16 ha (0.26 %) 0 ha 
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Table C. 4 Interaction of the plume at the surface with the designated regions. Mean uplift at bed averaged over 
year >3°C (area of respective designated area that is affected in hectares and as a percentage of the designated 
area) over a year for GETM and a spring neap cycle for Delft3D. 
 

 
 
 
 
 
 
 
 
 
 
 

 
9 Shapefile downloaded from JNCC website on 17/06/2010, area calculated in Cadcorp in OSGB, BNG  
10 Shapefile downloaded from Natural England website on 18/06/2010, area calculated in Cadcorp in OSGB, BNG 

Area of 
plume at 
surface 
>3°C 
uplift 

Special 
Protected Area  
(SPA) 
Severn Estuary 
UK9015022 
(24663 ha)9 

National nature 
Reserve 
(NNR) 
Bridgewater Bay, 
UK1007190 
(2639 ha)10 

Special Area of 
Conservation 
(SAC) 
Severn Estuary  
UK00130309 
(73715 ha)1 

RAMSAR 
Convention  
Wetlands 
area 
Severn 
Estuary 
UK11081 
(24033 ha)1 

Site of special 
scientific interest 
(SSSI) 
Bridgewater Bay 
(6237 ha)2 

SSSI 
Blue Anchor 
to Lilstock 
Coast  
 
 
(675 ha)2 

Run A 
GETM 

0.1ha 
(<0.01 %) 
 
 

0.1ha 
(<0.01 %) 
 
 

1 ha 
(<0.01 %) 
 

0.1ha 
(<0.01 %) 
 
 

0.1ha 
(<0.01 %) 
 

0 ha  
 

Run B 
GETM 

79 ha 
(0.3 %) 

79 ha 
(3 %) 

87 ha 
(0.1 %) 

79 ha 
(0.3 %) 

79 ha 
(1 %) 

0 ha 
 

Run C 
GETM 

0 ha 
 

0 ha 
 

9.33 ha 
(0.01 %) 

0 ha 
 

0 ha 
 

0 ha 
 

Run D 
GETM 

363 ha 
(1 %) 

362 ha 
(14 %) 

429 ha 
(0.6 %) 

363 ha 
(1 %) 

363 ha 
(4 %) 

0 ha 
 

Run E 
GETM 

670 ha 
(3 %) 

670 ha 
(25 %) 

845 ha 
(1 %) 

670 ha 
(3%) 

670 ha 
(7 %) 

0 ha 
 

       
Run A 
Delft3d 

13 ha   

(0.05 %) 

13 ha 

(0.51 %) 

15 ha 

(0.02 %) 

13 ha 

(0.06 %) 

13 ha 

(0.15 %) 

0 ha 

 

Run B 
Delft3d 

22 ha 

(0.1 %) 

22 ha 

(1 %) 

31 ha 

(0.04 %) 

22 ha 

(0.1 %) 

22 ha 

(0.2 %) 

0 ha 

 

Run C 
Delft3d 

0 ha 0 ha 0 ha 0 ha 0 ha 0 ha 

Run D 
Delft3d 

20 ha 

(0.1 %) 

20 ha 

(1 %) 

25 ha 

(0.03 %) 

20 ha 

(0.1 %) 

20 ha 

(0.2 %) 

0 ha 

 

Run E 
Delft3d 

39 ha 

(0.2 %) 

39 ha 

(0.5 %) 

61 ha 

(0.1 %) 

39 ha 

(0.2 %) 

39 ha 

(0.2 %) 

0 ha 
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C.1.2 Results of applying earlier 2006 interim guidance on assessing the 
impact of thermal discharges on European Marine Sites 

 
To compare power station effects on water temperature against this standard the annual average mean due 
to the station has been added to the observed 98 percentile value (20.4 °C) derived from the Cefas inshore 
temperature network. Any values that exceed 1.1°C above background assessed at the sea bed and at the 
surface would exceed this criterion.  The area of exceedence is compared to the area of the SAC and SPA 
and the results for the new station C as well as various combinations with station B are shown in Table C5 
and C6.   

 
 
Table C. 5 Interaction of the plume at the bed with the designated regions. Mean averaged over year >1.1°C 
added to the 98 percentile for a value of 21.5 °C (area of respective designated area that is affected in hectares 
and as a percentage of the designated area) over a year for GETM and a spring neap cycle for Delft3D 

 

98 percentile temperatures <= 21.5°C is a particularly stringent criterion given that the background 98 
percentile for Hinkley Point without a station is 20.4°C. There is little difference between the GETM predicted 
affected areas of the SPA and SAC for either HP C or HP C and HP B in combination.  

 

 

 

 

 
11 Shapefile downloaded from JNCC website on 17/06/2010, area calculated in Cadcorp in OSGB, BNG  
12 Shapefile downloaded from Natural England website on 18/06/2010, area calculated in Cadcorp in OSGB, BNG 

Area of 
plume at 
bed 
>21.5°C 

Special 
Protected Area  
(SPA) 
Severn Estuary 
UK9015022 
(24663 ha)11 

National nature 
Reserve 
(NNR) 
Bridgewater Bay, 
UK1007190 
(2639 ha)12 

Special Area of 
Conservation(SA
C) 
Severn Estuary  
UK00130309 
(73715 ha)1 

RAMSAR 
Convention  
Wetlands 
area 
Severn 
Estuary 
UK11081 
(24033 ha)1 

Site of special 
scientific interest 
(SSSI) 
Bridgewater Bay 
(6237 ha)2 

SSSI 
Blue Anchor 
to Lilstock 
Coast  
 
 
(675 ha)2 

Run A 
GETM 490 ha (2%) 490 ha (18%) 

 
536 ha (0.7%) 490 ha (2%) 490 ha (8%) 

 
0 ha 

Run B 
GETM 758 ha (3%) 758 ha (29%) 

 
903 ha (1%) 758 ha (3%) 758 ha (12%) 1 ha (0.2%) 

Run C 
GETM 1510 ha (6%) 1510 ha(57%) 

 
2452 ha (3%) 1510 ha (6%) 1510 ha (24 %) 109 ha (16%) 

Run D 
GETM 1674 ha (7%) 1673 ha (63%) 

 
2681 ha (3.6%) 1674 ha (7%) 1674 ha (27%) 206 ha (31%) 

RunE 
GETM 1721 ha (7%) 1721 ha (65%) 

 
2767 ha (4%) 1721 ha (7%) 1721 ha (28%) 241 ha (36%) 

       
Run A 
Delft3d 

 
32 ha (0.1 %) 

 
32 ha (1 %) 

 
34 ha (0.1 %) 

 
32 ha(0.1%) 

 
32 ha(0.5 %) 

 
0 ha 

Run B 
Delft3d 

 
194 ha (1 %) 

 
194 ha (7 %) 

 
200 ha(0.3 %) 

 
194 ha(1 %) 

 
194 ha(3%) 

 
0 ha 

Run C 
Delft3d 

 
0 ha 

 
0 ha 

 
125 ha(0.2 %) 

 
0 ha 

 
0 ha 

 
0 ha 

Run D 
Delft3d 

 
612 ha (2 %) 

 
611 ha (23 %) 

 
1561 ha(2 %) 

 
612 ha(2%) 

 
612 ha(10 %) 

 
139 ha(20 %) 

Run E 
Delft3d 

 
1147 ha (5 %) 

 
1147 ha (43 %) 

 
2302 ha(3 %) 

 
1147ha (5 %) 

 
1147 ha(18%) 

 
87 ha(13%) 
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Table C. 6 Interaction of the plume at the surface with the designated regions. Mean averaged over year >1.1°C 
added to the 98 percentile for a value of 21.5 °C (area of respective designated area that is affected in hectares 
and as a percentage of the designated area) over a year for GETM and a spring neap cycle for Delft3D 

 

 

Prior to development of Water Framework Directive standards for temperature, WQTAG 160 Guidance on 
assessing the impact of thermal discharges on European Marine Sites had suggested that based on 
information read across from the Shellfish Waters Directive a maximum temperature increase of 2oC  could 
be considered a reasonable threshold for protected areas.  The Water Framework Directive recommends an 
uplift standard of 2oC for waters of High quality.  But for Good quality or good ecological status which is the 
target  for waterbodies by 2015 the uplift target is 3oC and for this reason was adopted in the main report. 
For completeness the 2oC threshold for sensitive habitats is also shown here.  For this assesment the mean 
annual value was used, in the case of GETM and the mean over a spring neap cycle for the Delft3D model  
(Table C.7 and 8)  

Area affected calculations are shown for both surface and seabed temperatures although benthic species 
are particularly important to the habitats assessment for this area. Using the Delft3D model for Hinkley C 
alone negligible areas of seabed (1ha) were predicted to be affected in the SAC and no areas within the 
SPA.   The GETM model for Hinkley C alone indicated larger areas of potential temperature increase above 
2C with a maximum area of over 500 ha in the SAC. 

Table C.6 and 7 shows the > 2°C assessment for additional nature conservation designations for Hinkley B 
and C alone and in combination based on predictions from GETM and Delft3D.  Large areas of exceedence 
are predicted by GETM for Hinkley B and C in combination by contrast Delft3D indicates relatively low levels 
of exceedence. 

 

 

 
13 Shapefile downloaded from JNCC website on 17/06/2010, area calculated in Cadcorp in OSGB, BNG  
14 Shapefile downloaded from Natural England website on 18/06/2010, area calculated in Cadcorp in OSGB, BNG 

Area of 
plume at 
surface>
21.5°C 

Special 
Protected Area  
(SPA) 
Severn Estuary 
UK9015022 
(24663 ha)13 

National nature 
Reserve 
(NNR) 
Bridgewater Bay, 
UK1007190 
(2639 ha)14 

Special Area of 
Conservation(SA
C) 
Severn Estuary  
UK00130309 
(73715 ha)1 

RAMSAR 
Convention  
Wetlands 
area 
Severn 
Estuary 
UK11081 
(24033 ha)1 

Site of special 
scientific interest 
(SSSI) 
Bridgewater Bay 
(6237 ha)2 

SSSI 
Blue Anchor 
to Lilstock 
Coast  
 
 
(675 ha)2 

Run A 
GETM 

518 ha 
(2%) 

518 ha 
(20 %) 

607 ha 
(1 %) 

518 ha 
(2%) 

518 ha 
(6 %) 

0 ha 

Run B 
GETM 

773 ha 
(3 %) 

772 ha 
(29 %) 

988 ha 
(1 %) 

773 ha 
(3%) 

773 ha 
(8 %) 

3 ha 
(0.5 %) 

Run C 
GETM 

1377 ha 
(6 %) 

1376 ha 
(52%) 

2408 ha 
(3 %) 

1377 ha 
(6 %) 

1377 ha 
(15 %) 

110 ha 
(16 %) 

Run D 
GETM 

1615ha 
(7%) 

1615 ha 
(61%) 

2713 ha 
(4 %) 

1615 ha 
(7 %) 

1615 ha 
(18 %) 

207 ha 
(31 %) 

RunE 
GETM 

1672 ha 
(7 %) 

1671 ha 
(63%) 

2810 ha 
(4%) 

1672 ha 
(7 %) 

1672 ha 
(18 %) 

243ha 
(36 %) 

       
Run A 
Delft3d 

104 ha 
(0.4 %) 

104 ha 
(4 %) 

147 ha 
(0.2 %) 

104ha 
(0.4 %) 

104 ha 
(1 %) 

0 ha 
 

Run B 
Delft3d 

230 ha 
(1 %) 

230 ha 
(9%) 

32 ha 
(0.4 %) 

230 ha 
(1 %) 

230 ha 
(2%) 

0 ha 
 

Run C 
Delft3d 

7 ha 
(0.03 %) 

7 ha 
(0.3%) 

470 ha 
(0.6 %) 

7 ha 
(0.03 %) 

7 ha 
(0.1 %) 

0 ha 
 

Run D 
Delft3d 

844 ha 
(3 %) 

843 ha 
(32 %) 

2040 ha 
(3 %) 

844 ha 
(3 %) 

844 ha 
(9 %) 

118 ha 
(17 %) 

Run E 
Delft3d 

1109 ha 
(4 %) 

1108 ha 
(42 %) 

2356  ha 
(3 %) 

1109 ha 
(5 %) 

1109 ha 
(12 %) 

137 ha 
(20 %) 
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Table C. 7 Interaction of the plume at the bed with the designated regions. Mean averaged over year >2°C (area 
of respective designated area that is affected in hectares and as a percentage of the designated area) over a year 
for GETM and a spring neap cycle for Delft3D. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
15 Shapefile downloaded from JNCC website on 17/06/2010, area calculated in Cadcorp in OSGB, BNG  
16 Shapefile downloaded from Natural England website on 18/06/2010, area calculated in Cadcorp in OSGB, BNG 

Area of 
plume at 
bed >2°C 
uplift 

Special 
Protected Area  
(SPA) 
Severn Estuary 
UK9015022 
(24663 ha)15 

National nature 
Reserve 
(NNR) 
Bridgewater 
Bay, UK1007190 
(2639 ha)16 

Special Area of 
Conservation 
(SAC) 
Severn Estuary  
UK00130309 
(73715 ha)1 

RAMSAR 
Convention  
Wetlands area 
Severn Estuary 
UK11081 
(24033 ha)1 

Site of special 
scientific 
interest 
(SSSI) 
Bridgewater 
Bay (6237 ha)2 

SSSI 
Blue Anchor 
to Lilstock 
Coast  
 
 
(675 ha)2 

Run A 
GETM 

 
83 ha (0.3%) 

 
83 ha (3%) 

 
84 ha (0.1%) 

 
83 ha (0.3%) 

 
83 ha (1%) 

 
0 ha 

Run B 
GETM 

 
322 ha (1%) 

 
322 ha (12%) 

 
336 ha (0.5 %) 

 
322 ha (1%) 

 
323 ha (5%) 

 
0 ha 

Run C 
GETM 

 
307 ha (1%) 

 
307ha (12%) 

 
528 ha (0.7%) 

 
307 ha (1%) 

 
307 ha (5%) 

 
0 ha 

Run D 
GETM 

 
1180 ha (5%) 

 
1180 ha (45%) 

 
1802 ha (2%) 

 
1180 ha (5%) 

 
1180 ha (19%) 

 
5 ha (1%) 

Run E 
GETM 

 
1253 ha (5%) 

 
1253 ha (47%) 

 
1906 ha (3%) 

 
1253 ha (5%) 

 
1253 ha (20%) 

 
20 ha (3%) 

       
Run A 
Delft3d 

 
6 ha (0.03 %) 

 
6 ha (0.2 %) 

 
6 ha (0.01 %) 

 
6 ha (0.03 %) 

 
6 ha (0.01 %) 

 
0 ha 

Run B 
Delft3d 

 
19 ha (0.1 %) 

 
19 ha (0.7 %) 

 
19 ha (0.03 %) 

 
19. ha (0.1 %) 

 
19 ha (0.03 %) 

 
0 ha 

Run C 
Delft3d 

 
0 ha 

 
0 ha 

 
1.4 ha (<0.01 %) 

 
0 ha 

 
0 ha 

 
0 ha 

Run D 
Delft3d 

 
23 ha (0.1%) 

 
23. ha (0.9 %) 

 
27ha (0.04 %) 

 
23 ha (0.1 %) 

 
23 ha (0.4 %) 

 
0 ha 

Run E 
Delft3d 

 
134 ha (0.5 % 

 
134 ha (5 %) 

 
143 ha (0.2 %) 

 
134 ha (0.6%) 

 
134 ha (2 %) 

 
0 ha 
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Table C. 8 Interaction of the plume at the surface with the designated regions. Mean averaged over year >2°C 
(area of respective designated area that is affected in hectares and as a percentage of the designated area) over a 
year for GETM and a spring neap cycle for Delft3D. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
17 Shapefile downloaded from JNCC website on 17/06/2010, area calculated in Cadcorp in OSGB, BNG  
18 Shapefile downloaded from Natural England website on 18/06/2010, area calculated in Cadcorp in OSGB, BNG 

Area of 
plume at 
surface 
>2°C 
uplift 

Special 
Protected Area  
(SPA) 
Severn Estuary 
UK9015022 
(24663 ha)17 

National nature 
Reserve 
(NNR) 
Bridgewater 
Bay, UK1007190 
(2639 ha)18 

Special Area of 
Conservation 
(SAC) 
Severn Estuary  
UK00130309 
(73715 ha)1 

RAMSAR 
Convention  
Wetlands area 
Severn Estuary 
UK11081 
(24033 ha)1 

Site of special 
scientific 
interest 
(SSSI) 
Bridgewater 
Bay (6237 ha)2 

SSSI 
Blue Anchor 
to Lilstock 
Coast  
 
 
(675 ha)2 

Run A 
GETM 

135 ha 
(0.5 %) 

135 ha 
(5 %) 

144 ha 
(0.2 %) 

135 ha 
(0.6 %) 

135 ha 
(1 %) 

0 ha  

Run B 
GETM 

368 ha 
(1 %) 

368 ha 
(14 %) 

406 ha 
(0.5%) 

368 ha 
(1 %) 

368 ha 
(4 %) 

0 ha 
 

Run C 
GETM 

237 ha 
(1 %) 

237 ha 
(9 %) 

573 ha 
(0.8 %) 

237 ha 
(1 %) 

237 ha 
(3 %) 

0 ha 
 

Run D 
GETM 

1118 ha 
(4 %) 

1118 ha 
(42 %) 

1843 ha 
(2 %) 

1118 ha 
(4 %) 

1118 ha 
(12 %) 

7ha 
(1 %) 

Run E 
GETM 

1204 ha 
(5 %) 

1204 ha 
(45 %) 

1966 ha 
(3 %) 

1205 ha 
(5 %) 

1205 ha 
(13 %) 

26 ha 
(4 %) 

       
Run A 
Delft3d 

24 ha 
(0.1 %) 
 

24 ha 
(1 %) 

32 ha 
(0.04 %) 
 

24 ha 
(0.1 %) 
 

24 ha 
(0.3 %) 
 

0 ha 
 

Run B 
Delft3d 

51 ha 
(0.2 %) 
 

51 ha 
(2 %) 

80 ha 
(0.1%) 
 

51.43 ha 
(0.21 %) 
 

51.42 ha 
(0.56 %) 
 

0 ha 
 

Run C 
Delft3d 

0 ha 
 

0 ha 8  ha 
(0.01 %) 

0 ha 
 

0 ha 
 

0 ha 
 

Run D 
Delft3d 

71 ha 
(0.3 %) 
 

71 ha 
(3 %) 

126 ha 
(0.2 %) 
 

71 ha 
(0.3 %) 
 

71 ha 
(1 %) 
 

0 ha 
 

Run E 
Delft3d 

161 ha 
(0.6 %) 
 

161 ha 
(6 %) 

281 ha 
(0.4 %) 
 

161 ha 
(0.7 %) 
 

161 ha 
(2 %) 
 

0 ha 
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For the assessment of the criteria that the 98% value should not be > 28 °C (Moderate Status),  the annual 
average mean due to the station(s) has been added to the observed 98% value (20.4°C) derived from the 
Cefas inshore temperature network. Any values that exceed 7.6°C above background would exceed this 
criterion.  As it would be expected because it is only the immediate area of discharge that on average 
exceeds 7.6 degrees increase, no areas are expected to fail this criterion under the GETM predictions but a 
very low level of effect (<0.01%) is indicated by the Delft3D model (Table C.9 and C10). 

 
 
 
Table C. 9 Interaction of the plume at the bed with the designated regions. Mean averaged over year >7.6°C 
added to the 98 percentile value for the site to assess areas above 28 °C (area of respective designated area that is 
affected in hectares and as a percentage of the designated area) over a year for GETM and a spring neap cycle 
for Delft3d. 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

 
19 Shapefile downloaded from JNCC website on 17/06/2010, area calculated in Cadcorp in OSGB, BNG  
20 Shapefile downloaded from Natural England website on 18/06/2010, area calculated in Cadcorp in OSGB, BNG 

Area of 
plume at 
bed 
>28°C 

Special 
Protected Area  
(SPA) 
Severn Estuary 
UK9015022 
(24663 ha)19 

National nature 
Reserve 
(NNR) 
Bridgewater 
Bay, UK1007190 
(2639 ha)20 

Special Area of 
Conservation 
(SAC) 
Severn Estuary  
UK00130309 
(73715 ha)1 

RAMSAR 
Convention  
Wetlands area 
Severn Estuary 
UK11081 
(24033 ha)1 

Site of special 
scientific interest 
(SSSI) 
Bridgewater Bay 
(6237 ha)2 

SSSI 
Blue 
Anchor to 
Lilstock 
Coast  
 
 
(675 ha)2 

Run A 
GETM 

0 ha 0 ha 0 ha 0 ha 0 ha 0 ha 

Run B 
GETM 

0 ha 0 ha 0 ha 0 ha 0 ha 0 ha 

Run C 
GETM 

0 ha 0 ha 0 ha 0 ha 0 ha 0 ha 

Run D 
GETM 

0 ha 0 ha 0 ha 0 ha 0 ha 0 ha 

RunE 
GETM 

0 ha 0 ha 0 ha 0 ha 0 ha 0 ha 

       
Run A 
Delft3d 

0 ha 0 ha 0 ha 0 ha 0 ha 0 ha 

Run B 
Delft3d 

0.1ha (<0.01 %) 0.1 ha (0.01 %) 0.1 ha (<0.01 %) 0.14 ha (<0.01 %) 0.14 ha(<0.01 %) 0 ha 

Run C 
Delft3d 

0 ha 0 ha 0 ha 0 ha 0 ha 0 ha 

Run D 
Delft3d 

0 ha 0 ha 0 ha 0 ha 0 ha 0 ha 

Run E 
Delft3d 

0.9 ha (<0.01 %) 0.9ha (0.03 %) 1 ha (<0.01 %) 1 ha (<0.01 %) 0.9 ha (0.01 %) 0 ha 
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Table C. 10  Interaction of the plume at the surface with the designated regions. Mean averaged over year 
>7.6°C added to the 98 percentile value for the site to assess areas above 28 °C (area of respective designated 
area that is affected in hectares and as a percentage of the designated area) over a year for GETM and a spring 
neap cycle for Delft3d. 
 

 

 

C.2 Temperature elevation predicted across estuary cross sections 

The temperature modelling assessment for the Severn Estuary/Bristol Channel considers thermal barriers to 
fish migration by assessing the cross-sectional area of the estuary that is affected by a temperature increase 
of >2C across >25% of a cross section for >5% of the time. In order to provide an assessment of the impact 
of the power station outfall on the potential for at least partial occlusion of the Bristol Channel and River 
Parrett, four sections have been identified for analysis. There are differences between GETM and Delft3D  
for the assessment of 25% of the transect that has a temperature excess >2˚C. However, for the main 
section across the Severn, it is apparent that there is no failure for the criteria associated with migratory fish. 
For the River Parrett there are periods when a temperature excess >2˚C affects more than 25% of the 
channel but in the GETM predictions this is for much less than 5% of the time and for Delft3D this was only 
under run E which combined Hinkely C with B at 100% when it is exceeded for around 2 hours either side of 
high water on the lowest Neap tides, this accounts for approximately 6% of the total time (Table C11 and  
C12). However as discussed in the main report the Northern most channel of the Parrett remains 
unimpacted by the plume.  

 

 
21 Shapefile downloaded from JNCC website on 17/06/2010, area calculated in Cadcorp in OSGB, BNG  
22 Shapefile downloaded from Natural England website on 18/06/2010, area calculated in Cadcorp in OSGB, BNG 

Area of 
plume at 
surface>
28°C 

Special 
Protected Area  
(SPA) 
Severn Estuary 
UK9015022 
(24663 ha)21 

National nature 
Reserve 
(NNR) 
Bridgewater 
Bay, UK1007190 
(2639 ha)22 

Special Area of 
Conservation 
(SAC) 
Severn Estuary  
UK00130309 
(73715 ha)1 

RAMSAR 
Convention  
Wetlands area 
Severn Estuary 
UK11081 
(24033 ha)1 

Site of special 
scientific interest 
(SSSI) 
Bridgewater Bay 
(6237 ha)2 

SSSI 
Blue 
Anchor to 
Lilstock 
Coast  
 
 
(675.1 ha)2 

Run A 
GETM 

0 ha 0 ha 0 ha 0 ha 0 ha 0 ha 

Run B 
GETM 

0 ha 0 ha 0 ha 0 ha 0 ha 0 ha 

Run C 
GETM 

0 ha 0 ha 0 ha 0 ha 0 ha 0 ha 

Run D 
GETM 

0 ha 0 ha 0 ha 0 ha 0 ha 0 ha 

RunE 
GETM 

0 ha 0 ha 0 ha 0 ha 0 ha 0 ha 

       
Run A 
Delft3d 

1.4 ha 
(0.01 %) 

1.4 ha 
(0.05 %) 

1.4 ha 
(<0.01 %) 

1.4 ha 
(0.01 %) 

1.4 ha 
(0.02 %) 

0 ha 

Run B 
Delft3d 

5 ha 
(0.02 %) 

5 ha 
(0.2 %) 

5 ha 
(0.01 %) 

5 ha 
(0.02 %) 

5 ha 
(0.1 %) 

0 ha 

Run C 
Delft3d 

0 ha 0 ha 0 ha 0 ha 0 ha 0 ha 

Run D 
Delft3d 

3 ha 
(0.01 %) 

3 ha 
(0.10 %) 

3 ha 
(<0.01 %) 

3 ha 
(0.01 %) 

3 ha 
(0.03 %) 

0 ha 

Run E 
Delft3d 

7 ha 
(0.03 %) 

7 ha 
(0.3 %) 

7 ha 
(0.01 %) 

7 ha 
(0.03 %) 

7 ha 
(0.1 %) 

0 ha 
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Table C. 11 Proportion of time as a percentage that 25% of the cross-section is predicted by Delft3D for section 
B to exceed the background by 2oC. 
Percentage area for transect B where the cross sectional 
area at >2C    

Spring Tide Run A Run B Run C Run D Run E 

Low water 0 0 0 0 0 
Peak Flood 0 1.92 0 1.93 2.59 
High Water 0 0 0 0 2.98 

Peak Ebb 0 0 0 0 0 
  

Neap Tide Run A Run B Run C Run D Run E 
Low water 0 0 0 7.64 0 
Peak Flood 0.14 0.85 0 0 14.36 
High Water 0 0.31 0 21.83 30.20 

Peak Ebb 0 0 0 0 2.76 
 

Table C. 12 Proportion of time as a percentage that 25% of the cross-section is predicted by GETM to exceed the 
background by 2oC 
 
No of Excess Temperature Events 
where the cross sectional area at >2C 
is > 25% of the transect   

 Breach 
Annual 
% 

Transect Run A Run B Run C Run D Run E Run E   

A 0 0 0 0 0  

B 0 0 0 7 28 0.39% 

C 0 0 0 0 4 0.05% 

D 0 0 0 0 0  
No of Excess Temperature Events where the cross-
sectional area >= 2C is in the range 0.1% -  25% of 
the transect  

 

Transect Run A Run B Run C Run D Run E  

A 0 0 0 0 0  

B 0 0 0 26 54  

C 157 715 75 766 1461  

D 0 0 0 0 0  
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C.3 Temperature elevation predicted for Water Framework Directive (WFD) 
water bodies  

One of the main objectives of WFD is for water bodies to achieve Good status by 2015. For Good status 98 
percentile temperatures must not exceed 23C (UK Environmental standards and conditions Phase 2, 2008). 
Based on temperature records collected from a WaveRider buoy located at the Scarweather site, 20 km west 
of Hinkley, the mean surface value from 2005 to 2008 was 12.7ºC, and the 98 percentile was 18.4ºC; the 
mean value for readings taken at Hinkley Point from 1975 to 2009 was 12.5ºC, with a 98 percentile of 
20.4ºC. 

Heat content for each of the two main water bodies was calculated as an average increase for the WFD-
defined area encompassing each for both the surface and bed. Two assessments were made in relation to 
the Waterbody assessment,one to consider the influence of temperature upon the overall status class and 
one to take account of the effect upon temperature uplift.    

A 2.6°C mean temperature increase above an assumed 98 percentile of 20.4 °C would exceed the 
temperature boundary for good/moderate status in terms of temperature and bring the waterbodies into the 
moderate status.  This assessment for the designated areas indicates that there is a very small area of 
exceedence indicated by the GETM model. Based on the GETM outputs when HP B and C are combined 
relatively larger areas of the Parrett estuary are indicated to exceed this temperature criterion.  These results 
indicate that there is a high likelihood that Bridgwater Bay and the Parrett Estuary could achieve good status 
and good ecological potential respectively in terms of this temperature criterion when Hinkley C is 
operational.  When HP B and C are in combination there is more uncertainty whether good status or 
potential could be achieved particularly if HP B were operating at 100% output. 

Table C. 13 Area of plume affecting WFD designated waterbodies exceeding 23°C Good Status threshold.   

Area of plume 
>23°C 

at bed at surface 
Parrett  
Estuary 
(7069.01 ha) 

Bridgewater Bay 
(9183.47 ha) 

Parrett Estuary 
(7069.01 ha) 

Bridgewater Bay 
(9183.47 ha) 

Run A  
GETM 

 
0.4 ha (<0.01 %) 

 
0 ha 

 
4 ha (0.05 %) 

 
0.1 ha(<0.01 %) 

Run B  
GETM 

 
106 ha (1.5 %) 

 
0.1 ha (<0.01 %) 

 
193 ha (3 %) 

 
4 ha(0.05 %) 

Run C  
GETM 

 
0 ha 

 
2 ha (0.02 %) 

 
0 ha 

 
38 ha(0.4 %) 

Run D  
GETM 

 
879 ha (12 %) 

 
57 ha (0.6 %) 

 
812 ha(11%) 

 
246 ha(3 %) 

RunE  
GETM 

 
1062 ha (15 %) 

 
163 ha (2 %) 

 
1023 ha(14 %) 

 
401 ha(4 %) 

     Run A 
Delft 3d 

 
0 ha 

 
0 ha 

 
18 ha(0.3 %) 

 
0.8 ha(0.01 %) 

Run B  
Delft3d 

 
0 ha 

 
0 ha 

 
39 ha(0.6%) 

 
4 ha(0.05 %) 

Run C  
Delft3d 

 
0 ha 

 
0 ha 

 
0 ha 

 
0 ha 

Run D  
Delft3d 

 
0 ha 

 
0 ha 

 
36 ha(0.5 %) 

 
5 ha(0.05 %) 

Run E  
Delft3d 

 
23 ha (0.3 %) 

 
3 ha (0.04 %) 

 
85 ha(1 %) 

 
13 ha(0.1 %) 

 

 

Although the Water Framework Directive sets maximum temperature boundaries for different WFD status 
classes in transitional and coastal waters, it also sets maximum allowable temperature increase values (or 
uplift) within those classes so that the ecology is not impacted. The temperature uplift is considered in terms 
of a 3°C mean increase across the waterbody area for both Bridgwater Bay and Parrett waterbodies which is 
consistent with good status (or good ecological potential) under the Water Framework Directive (C14). 
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For the operation of HP C the mean temperature at the seabed using the GETM model does not exceed 
3.0°C except for a very small area of sea bed in Bridgwater Bay (Table C14).    These results indicate that 
there is a high likelihood that the temperature uplift criterion will be met for Hinkley C. 

Temperature excess was also modeled for combined effects of Hinkley B and C for a temperature >3.0°C.  
Under the in combination runs relatively large areas of sea bed are affected by temperature increase >3.0°C 
based on GETM wth the main areas in the Parrett particularly for the GETM predictions when temperature 
uplift >3.0°C occurs across a maximum area of 764 ha of the bed of the Parrett. 

 

Table C. 14 Area of the plume affecting WFD designated waterbodies exceeding 3.0°C mean temperature uplift 
criterion for Good status (or Good ecological potential). 
 

Area of plume >3°C at bed at surface 

Parrett Estuary 
(7069.01 ha) 

Bridgewater Bay 
(9183.47 ha) 

Parrett Estuary 
(7069.01 ha) 

Bridgewater Bay 
(9183.47 ha) 

Run A 
GETM 

0.03 ha (<0.01 %) 0 ha 0.8 ha  (0.01 %) 0 ha  

Run B 
GETM 

41 ha  (0.6 %) 0 ha 85 ha (1.20 %) 1.4 ha (0.02 %) 

Run C  
GETM 0 ha  0.4 ha (<0.01 %) 0 ha 9 ha (0.10 %) 

Run D 
GETM 

384 ha  (5 %) 6 ha (0.1 %) 385 ha (5 %) 41 ha (0.4 %) 

Run E 
GETM 

764 ha (11 %) 42 ha (0.5 %) 692 ha (10 %) 147 ha (1.6 %) 

     

Run A 
Delft 

 
3 ha (0.04 %) 

 
 
0 ha 

 
 
15 ha (0.2 %) 

 
 
0.3 ha (<0.01 %) 

Run B 
Delft 9 ha (0.13 %) 

 
0.2 ha(<0.01 %) 

 
29 ha (0.4 %) 

 
2 ha (0.02 %) 

Run C  
Delft 

 
0 ha  

 
0 ha 

 
0 ha 

 
0 ha 

Run D 
Delft 

5 ha (0.1 %) 
 
0.03 ha (<0.01 %) 

 
23 ha (0.3 %) 

 
2 ha (0.02 %) 

Run E 
Delft 

 
14 ha (0.2 %) 

 
1.98 ha (0.02 % 

 
54 ha (0.8 %) 

 
7 ha (0.1 %) 

      

 

 

 

 

 

 

 

 


