
 
100874130 

Revision 02 

 SPP112 Hinkley Point C impingement predictions 
corrected for Hinkley Point B raising factors and cooling 

water flow rates 

 

NOT PROTECTIVELY MARKED  
 

 
UNCONTROLLED WHEN PRINTED 

 

NOT PROTECTIVELY MARKED 

  Page 1 of 43 

 

   
 

DOCUMENT TITLE 
SPP112 Hinkley Point C impingement predictions corrected for 

Hinkley Point B raising factors and cooling water flow rates 
  

 

ISSUE REASON P6 - For Construction   

 

 CONTRACTOR DETAILS 

CONTRACTOR NAME Cefas 

 

CONTRACTOR DOCUMENT 
NUMBER SPP112 CONTRACTOR REVISION 02 

 

 ECS CODES 

 

 

 REVISION HISTORY 

REVISION  REVISION DATE PREPARED BY POSITION/TITLE CHECKED BY POSITION/TITLE APPROVED BY POSITION/TITLE 

1 18/03/2021 M.B Marine Ecology Lead S.D. 
Impingement 
Coordinator 

BJR Director  

2 30/03/2021 M.B Marine Ecology Lead S.L Director BJR Director  

        

        

        

        

 
  



 
100874130 

Revision 02 

 Hinkley Point C impingement predictions corrected for 
Hinkley Point B raising factors and cooling water flow rates 

 

NOT PROTECTIVELY MARKED  
 

SPP112 Corrected impingement 
predictions. 

NOT PROTECTIVELY MARKED Page 2 of 43 

 

 

REVISION STATUS/SUMMARY OF CHANGES 
 

Revision Purpose Amendment By Date 

1 First release Initial release to client  M.B. & S.D. 17/03/2021 

2 
Revision following 

review.  
Minor revisions following EDF Energy review. M.B. 30/03/2021 

     

     

     

     

 

 



 
100874130 

Revision 02 

 Hinkley Point C impingement predictions corrected for 
Hinkley Point B raising factors and cooling water flow rates 

 

NOT PROTECTIVELY MARKED  
 

SPP112 Corrected impingement 
predictions. 

NOT PROTECTIVELY MARKED Page 3 of 43 

 

  

 

 
 

Hinkley Point C impingement 
predictions corrected for Hinkley Point 
B raising factors and cooling water 
flow rates 

 

 



 
100874130 

Revision 02 

 Hinkley Point C impingement predictions corrected for 
Hinkley Point B raising factors and cooling water flow rates 

 

NOT PROTECTIVELY MARKED  
 

SPP112 Corrected HPC 
impingement predictions.  

NOT PROTECTIVELY MARKED Page 4 of 43 

 

 

Hinkley Point C impingement predictions 
corrected for Hinkley Point B raising factors 

and cooling water flow rates. 

 

 

Response to TB001. 

 

Mark Breckels  

and 

Scott Davis 

 



 
100874130 

Revision 02 

 Hinkley Point C impingement predictions corrected for 
Hinkley Point B raising factors and cooling water flow rates 

 

NOT PROTECTIVELY MARKED  
 

SPP112 Corrected HPC 
impingement predictions.  

NOT PROTECTIVELY MARKED Page 5 of 43 

 

Version and Quality Control 

 Version Author Date 

Draft 0.01 M. Breckels & S. Davis 16/03/2021 

Review 0.02 S. Limpenny & B.  Robinson 16/03/2021 

Revision 0.03 M. Breckels & S. Davis  17/03/2021 

Executive QC & Final Draft 0.04 B Robinson 18/03/2021 

Submission to EDFE as V1 1.00  18/03/2021 

Revision following EDFE 

review. 
1.01 M. Breckels 30/03/2021 

Submission to EDFE as V2 2.00  30/03/2021 



 
100874130 

Revision 02 

 Hinkley Point C impingement predictions corrected for 
Hinkley Point B raising factors and cooling water flow rates 

 

NOT PROTECTIVELY MARKED  
 

SPP112 Corrected HPC 
impingement predictions.  

NOT PROTECTIVELY MARKED Page 6 of 43 

 

Table of contents 

Executive Summary ......................................................................................................................................... 9 

Environment Agency audit of the impingement data and data processing code ........................................ 9 

Cefas internal audit results ........................................................................................................................ 10 

Internal Audit Conclusions ......................................................................................................................... 11 

CIMP Dataset .......................................................................................................................... 11 

RIMP dataset ........................................................................................................................... 12 

1 Introduction .............................................................................................................................................. 13 

1.1 Sample methodology .................................................................................................................... 13 

1.1.1 Comprehensive Impingement Monitoring Programme (CIMP).................................. 13 

1.1.2 Routine Impingement Monitoring Programme (RIMP) .............................................. 14 

1.2 Environment Agency Quality Assurance findings ......................................................................... 14 

2 Cefas internal audit results .................................................................................................................... 15 

2.1 Number of occasions when the number of pumps did not equal the number of screens during the 

CIMP programme ...................................................................................................................................... 15 

2.2 Why did the number of pumps not equal the number of screens? ............................................... 15 

2.2.1 CIMP pump and screen corrections .......................................................................... 15 

2.3 Refinement of HPB cooling water flow estimates ......................................................................... 17 

2.3.1 Hinkley Point B flow rate correction ........................................................................... 18 

2.3.2 Raising from Hinkley Point B to Hinkley Point C ....................................................... 18 

2.4 Corrections to the RIMP dataset ................................................................................................... 19 

3 Results & Discussion .............................................................................................................................. 21 

3.1 Hinkley Point B impingement predictions corrected for data raising errors .................................. 21 

3.2 Hinkley Point B impingement predictions corrected for pump raising errors and flow rate 

refinements ................................................................................................................................................ 21 

3.3 Hinkley Point C impingement predictions ..................................................................................... 24 

3.4 Conclusions for HPC impingement assessments ......................................................................... 24 

3.5 Corrections to the RIMP time series ............................................................................................. 26 

3.5.1 Trend Analysis ........................................................................................................... 26 

4 References ............................................................................................................................................... 28 

Appendix A – Annual mean unmitigated Hinkley Point C impingement prediction comparisons ....... 29 

B.1 CIMP calculated annual impingement by numbers at HPB and HPC without mitigation – all fin-

fish species ................................................................................................................................................ 31 

C.1 Trend analysis from the RIMP data series .................................................................................... 34 

4.1.1 Trend analysis results ............................................................................................... 35 

 



 
100874130 

Revision 02 

 Hinkley Point C impingement predictions corrected for 
Hinkley Point B raising factors and cooling water flow rates 

 

NOT PROTECTIVELY MARKED  
 

SPP112 Corrected HPC 
impingement predictions.  

NOT PROTECTIVELY MARKED Page 7 of 43 

 

List of Tables and Figures 

Tables  

Table 1. Change in the predicted HPC annual mean unmitigated impingement numbers 

between BEEMS Technical Report TR456 and after the corrections applied in this 

report, (the eight species of primary concern to the Environment Agency (EA32) are 

shown in bold). ........................................................................................................... 11 

Table 2. Identification of raising errors for full operational pumping capacity. Orange highlighted 

cells show the five sample visits where the raising factor underestimated 

impingement rates at full capacity. All errors have been corrected in the impingement 

predictions presented herein. The seven sample visits when no bulk sample was 

collected due to sample overflow or logistical issues are shown in green for 

information, this data was correctly treated in BEEMS Technical Report TR456 Ed.2 

v10. ............................................................................................................................. 16 

Table 3 The relationship between pumping capacity and water abstracted, with scaling factors 

for determining impingement at full operational capacity. .......................................... 18 

Table 4 RIMP correction factors to raise the six hourly samples to 24 hours (x4) and full 

operational capacity. The number of occurrences in the 262 sample time series are 

shown in parentheses (no.), and the degree of overestimation when a raising factor 

of 8 is applied is shown is square brackets [%]. ........................................................ 20 

Table 5. Monthly correction factors applied to RIMP data pre-1995 when operational information 

was lacking. ................................................................................................................ 20 

Table 6. Annual Hinkley Point B impingement estimate comparison between TR456 and 

following correction of pump raising errors. Species of primary concern identified by 

the Environment Agency (EA32) are shown in bold font. Species presented are 

ordered by impingement numbers. ............................................................................ 22 

Table 7. Annual Hinkley Point B impingement estimate comparison between TR456 and 

following correction of pump raising errors and application of flow rate refinement. 

Species of primary concern identified by the Environment Agency (EA32) are shown 

in bold font. Species presented are ordered by impingement numbers. ................... 23 

Table 8. Annual unmitigated Hinkley Point C impingement prediction comparison between 

TR456 and following correction of pump raising errors and application of flow rate 

refinement.  Numbers represent raw impingement predictions, EAVs or mitigation 

has not been applied at this point in the assessment. Species of primary concern 

identified by the Environment Agency (EA32) are shown in bold font. Species 

presented are ordered by predicted impingement numbers. ..................................... 25 

Table 9. Annual Hinkley Point B RIMP impingement predictions comparison between original 

numbers with a correction factor of 8 applied and following flow rate refinement.  

Numbers represent raw impingement predictions, EAVs have not been applied at 

this point in the assessment. Species selected include those of primary concern 

identified by the Environment Agency (EA32). .......................................................... 26 

Table 10. Annual mean unmitigated HPC impingement prediction comparisons between a) the 

original data provided in TR456, b) the Environment Agency impingement predictions 

having corrected pump raising factors, c) Cefas impingement predictions in response 

to TB001 and correction of pump raising factors, d) Final impingement predictions 

corrected for pump raising factors and flow rate refinements. Highlighted columns 

represent the numbers presented by the Environment Agency in TB001 (b.) and the 

final Cefas predictions presented herein (d.). ............................................................ 29 



 
100874130 

Revision 02 

 Hinkley Point C impingement predictions corrected for 
Hinkley Point B raising factors and cooling water flow rates 

 

NOT PROTECTIVELY MARKED  
 

SPP112 Corrected HPC 
impingement predictions.  

NOT PROTECTIVELY MARKED Page 8 of 43 

 

Table 11 Calculated Seasonal Kendall Test statistics. Results with significant trends highlighted 

in bold text. A positive value of tau indicates a positive trend and a negative value a 

negative trend. Some species were observed less than three times during a given 

time period and no statistics are therefore calculated for them. For clarity, any 

species with less than three observations in 1981-2017 is omitted from the table. 

Cells highlighted in green no longer have a significant trend, those highlighted in 

purple did not have a significant trend in BEEMS Technical Report TR456 but are 

now significant. ........................................................................................................... 35 

 

Figures 

Figure 1 Species plots for the species of primary interest for the inquiry (eel, Atlantic salmon, 

twaite shad), Loess smooths applied to the full period (1981-2017, red dashed lines), 

1981-1999 (in green), and 2000-2017 (in blue). The grey dashed vertical line 

indicates December 1999. Zero values omitted for clarity. Values are for each 

sample visit raised to 24-hours at full pumping capacity. .......................................... 38 

Figure 2 Species plots for the species of primary interest for the inquiry (bass, cod, herring and 

whiting), Loess smooths applied to the full period (1981-2017, red dashed lines), 

1981-1999 (in green), and 2000-2017 (in blue). The grey dashed vertical line 

indicates December 1999. Zero values omitted for clarity. Values are for each 

sample visit raised to 24-hours at full pumping capacity. .......................................... 39 

Figure 3 Species plots where any significant trend was detected in any of the time periods (p-

value<0.05). Loess smooth is drawn for each species. The grey dashed vertical line 

indicates December 1999, green symbols are 1981-1999, blue symbols are 2000-

2017. Values are for each sample visit raised to 24-hours at full pumping capacity. 40 

Figure 4 (Continued) Species Plots where any significant trend was detected in any of the time 

periods (p-value<0.05). Loess smooth is drawn for each species. The grey dashed 

vertical line indicates December 1999, green symbols are 1981-1999, blue symbols 

are 2000-2017. Values are for each sample visit raised to 24-hours at full pumping 

capacity. ..................................................................................................................... 41 

Figure 5 (Continued) Species Plots where any significant trend was detected in any of the time 

periods (p-value<0.05). Loess smooth is drawn for each species. The grey dashed 

vertical line indicates December 1999, green symbols are 1981-1999, blue symbols 

are 2000-2017. Values are for each sample visit raised to 24-hours at full pumping 

capacity. ..................................................................................................................... 42 

Figure 6 (Continued) Species Plots where any significant trend was detected in any of the time 

periods (p-value<0.05). Loess smooth is drawn for each species. The grey dashed 

vertical line indicates December 1999, green symbols are 1981-1999, blue symbols 

are 2000-2017. Values are for each sample visit raised to 24-hours at full pumping 

capacity. ..................................................................................................................... 43 



 
100874130 

Revision 02 

 Hinkley Point C impingement predictions corrected for 
Hinkley Point B raising factors and cooling water flow rates 

 

NOT PROTECTIVELY MARKED  
 

SPP112 Corrected impingement 
predictions. 

NOT PROTECTIVELY MARKED Page 9 of 43 

 

Executive Summary  

Hinkley Point C (HPC) is a new coastal nuclear power station under construction adjacent to the 
existing Hinkley Point B (HPB) site in Bridgwater Bay in Somerset. HPC is a once-through design, 
abstracting large volumes of seawater for cooling the condenser steam and smaller volumes to 
cool other essential plant. Seawater abstraction causes seasonally dependent amounts of 
impingement of fish and invertebrates. Impingement predictions for HPC presented in BEEMS 
Technical Report TR456 were based upon scaled-up impingement monitoring data collected at the 
operational HPB station during the Comprehensive Impingement Monitoring Programme (CIMP) 
and also the long-term Routine Impingement Monitoring Programme (RIMP). The impingement 
sampling protocols and subsequent data raising are described in TR456.  

In brief, the CIMP programme consisted of 40 sample visits to HPB between February 2009 and 
January 2010. The sampling target was to collect a 24-h sample on each station visit by taking 
seven samples including: 

 six samples of one hour each during daylight hours, and; 

 one 18-h bulk sample. 

During the CIMP, impinged fish and crustaceans were collected from all operational drum screens.  
At full cooling water capacity HPB operates with four main cooling water (MCW) pumps and four 
drum screens. Impingement estimates for HPB have been calculated based on the 40 sample 
visits each scaled to 24 hours at full operational capacity. A statistical bootstrapping approach has 
been applied to estimate annual impingement at HPB with 95th percentile confidence intervals. 
Annual impingement predictions for HPC have been extrapolated based on the relative flow rates 
between the two stations. Results are detailed in BEEMS Technical Report TR456. 

The RIMP data series comprises 443 samples over a 37-year period from 1981 to 2017. Unlike the 
CIMP, the RIMP has lower sampling intensity with six one-hourly samples collected once per 
month. The RIMP data are used to inform long-term trend analysis in species abundance and to 
estimate interannual variability in impingement.  

Environment Agency audit of the impingement data and data processing code 

The Environment Agency completed a vertical audit and Quality Assurance (reported in TB001) of 
the HPB raw impingement datasets and the computer code (R script) used to generate the HPC 
predictions: 

a. The Environment Agency were satisfied by the CIMP raising methods and were able to 
reproduce the impingement numbers in BEEMS Technical Report TR456 from the raw data 
and associated R code. However, in the audit of the raw data, four occasions (out of the 40 
samples) were identified when there were 4 operating screens but apparently only 3 
operational Main Cooling Water (MCW) pumps. On these occasions, Cefas used the 
number of screens to raise the impingement sample numbers to the full cooling water 
capacity, whereas raising should have been based upon on the number of operational 
pumps. 

b. TB001 concluded that rerunning the impingement analysis with the corrected CIMP 
input data resulted in an overall increase in the mean HPB impingement predictions of 
4%. 

c. The Environment Agency did not find any errors in the use of the RIMP data.  
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In response to TB001 a thorough internal audit of the raw data used in TR456 was undertaken by 
Cefas.  

Cefas internal audit results 

1. Number of occasions when the number of pumps did not equal the number of 
screens 

In addition to the four occasions identified by the Environment Agency when the number of pumps 
was not equal to the number of screens, one additional event was found increasing the total 
number to five. 

2. Why did the number of pumps not equal the number of screens? 

The cooling water demands of HPB consist of: 

i. Main cooling water flow that passes through the station condensers, supplied by the MCW 
pumps. 

ii. Two small cooling water feeds; the reactor cooling water (RCW) system and auxiliary 
cooling water system (ACW). The RCW system is a safety system and has its own pumps.  

All the cooling water at HPB is filtered through the drum screens. The number of MCW pumps 
varies according to the cooling need throughout the year, but the RCW and ACW demands are 
essentially constant (except during maintenance periods when the station is offline).  

Each MCW pump is physically connected to only one drum screen and MCW pumps are not 
operated without their associated screen. It is therefore not possible for MCW pumps to share 
screens and based upon Cefas’ understanding at the time when BEEMS Technical Report TR456 
was written, the five occasions when the number of operational screens exceeded the number of 
operational MCW pumps should not have occurred. The cooling water assumptions were then 
checked with HPB engineering who explained that whilst the MCW pumps cannot share screens, 
the small flow RCW system has the flexibility to draw water from any of the 4 drum screens and 
occasionally it is operated on its own drum screen leading to the observed condition with 3 MCW 
pumps and 4 operating screens. During these occasions the impingement numbers should have 
been raised by the number of operational pumps as identified by the Environment Agency in 
TB001. 

3. Refinement of HPB cooling water flow estimates 

During consultations with HPB engineering, it was determined that the total HPB cooling water flow 
with four operational MCW pumps was slightly greater than the figure supplied to Cefas in 2010 of 
33.7 cumecs (cubic metres per second) at 34.37 cumecs due to omission of the RCW flow of 0.67 
cumecs. After confirming that the impingement assessment for HPB (and therefore HPC) had to be 
recalculated to use the correct number of pumps as described above, and in order to ensure that 
the impingement estimates were as accurate as possible, it was decided to correct the station 
cooling water flows based upon the results of consultation with HPB engineering: 

i. The full capacity HPB cooling water flow was corrected to 34.37 cumecs 

ii. The flow with reduced number of MCW pumps was corrected for the estimated actual flow 
not simply by scaling the number of pumps e.g., the actual flow with 3 pumps is greater 
than ¾ * the flow with 4 pumps assumed in BEEMS Technical Report TR456 which had the 
effect of overestimating HPB and HPC impingement rates. 
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Internal Audit Conclusions 

CIMP Dataset 

1. Correcting the CIMP dataset for the correct number of MCW pumps resulted in a mean 
increase in the estimated annual HPB impingement numbers for the seven species 
contributing to the top 95% of impingement by 4.1%.  

2. The net effect of correcting the CIMP dataset for the correct number of pumps and HPB 
flow rates resulted in a mean decrease in the estimated annual HPB impingement numbers 
for the seven species contributing to the top 95% of impingement of 8.6%.  

3. The use of an underestimated value of cooling water flow at full cooling capacity for HPB 
resulted in a 1.9% overestimate for unmitigated HPC impingement. 

4. Table 1 shows the net effect of the above corrections on the HPC unmitigated impingement 
numbers presented in TR456 

Table 1. Change in the predicted HPC annual mean unmitigated impingement numbers between BEEMS 

Technical Report TR456 and after the corrections applied in this report, (the eight species of primary concern 

to the Environment Agency (EA32) are shown in bold). 

Common name 

HPC unmitigated 
impingement 

numbers from TR456. 

Corrected HPC 
unmitigated 

impingement numbers in 
this report. 

Difference in 
mean (% 
change) 

Sprat 3,797,169 3,641,032 -4.10% 

Whiting 2,120,487 1,949,645 -8.10% 

Dover sole 563,431 457,527 -18.80% 

Cod 372,924 315,571 -15.40% 

Thin-lipped grey 
mullet 

219,854 215,568 -1.90% 

Flounder 215,090 180,139 -16.20% 

Five-bearded rockling 136,343 125,022 -8.30% 

Herring 107,516 108,714 1.10% 

Sand Goby 73,193 66,666 -8.90% 

Bass 32,049 29,671 -7.40% 

Plaice 5,056 4,183 -17.30% 

Thornback ray 3,054 2,560 -16.20% 

Twaite shad 2,152 2,131 -1.00% 

Eel 1,210 1,099 -9.20% 

Blue whiting 1,127 1,082 -4.00% 

Sea lamprey 181 171 -5.50% 

River lamprey 71 70 -1.40% 

Allis shad 71 70 -1.40% 

Atlantic salmon 0 0 NA 

Sea trout 0 0 NA 

Note: Salmon and Sea Trout were not detected in the CIMP programme 
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5. With the exception of a 1.1% increase in predicted HPC herring impingement, all of the 
other key species in Table 1 show a reduction in predicted impingement compared with the 
results presented in BEEMS Technical Report TR456. 

6. These changes to HPC annual mean impingement predictions are well within the 
original confidence intervals presented in the TR456 HPC impingement assessment 
and do not materially alter the conclusions of that report.  

RIMP dataset 

 
7. With the refinement in HPB cooling water flow rates, the scaling factor applied to raise the 

RIMP data to 24hours at full capacity in TR456 is incorrect and resulted in small 
overestimates in predicted impingement. New scaling factors have been calculated for 
each month of the dataset. 

8. The correction to the RIMP data raising did not cause any material changes to the trend 
analyses presented in TR456.  
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1 Introduction 

EDF Energy is constructing Hinkley Point C, a new coastal nuclear power station, adjacent to the 
existing Hinkley Point B site in Bridgwater Bay. The station will be of a once-through design, 
abstracting large volumes of seawater for cooling the condenser steam and small volumes for 
other essential plant. Seawater abstraction causes seasonally dependent amounts of impingement 
of fish and invertebrates. Impingement predictions for HPC presented in BEEMS Technical Report 
TR456 Ed. 2 version 10 were based upon scaled up impingement monitoring data collected at the 
operational HPB station during the Comprehensive Impingement Monitoring Programme (CIMP) 
and the long-term Routine Impingement Monitoring Programme (RIMP).  The impingement 
sampling protocols and subsequent data raising are described inTR456.  

In TB001 the Environment Agency presented their Quality Assurance and vertical audit of the 
Hinkley Point B (HPB) raw impingement data and the computer code (R script) used to generate 
the Hinkley Point C (HPC) impingement predictions presented in TR456.  

This paper is in response to TB001 and follows a thorough internal audit of the raw data and 
refinement of the operating assumptions having consulted with HPB engineering. In order to 
ensure that the HPB impingement estimates are as accurate as possible, and after discussion with 
the station’s engineering staff, the previously assumed cooling water flow rates have also been 
updated with refined flow rates under the different operational conditions. 

The report provides updated HPC impingement predictions for all species with a focus on those 
species identified by the Environment Agency as being of principal concern (EA32), including; 
Atlantic salmon, allis shad, twaite shad, cod, herring, seabass, whiting and European eel.  

1.1 Sample methodology 

1.1.1 Comprehensive Impingement Monitoring Programme (CIMP) 

The CIMP programme consisted of 40 sample visits to HPB between February 2009 to January 
2010. The sampling target was to collect a 24-h sample on each station visit by taking seven 
samples consisting of: 

 six samples of one hour each during daylight hours, and; 

 one 18-h bulk sample. 

During the CIMP, impinged fish and crustaceans were collected from all operational drum screens.  
At full operational capacity HPB operates with four Main Cooling Water (MCW) pumps and 
associated drum screens.  

The CIMP data from each sample visit is raised to determine the 24-hour impingement estimates 
at full station operating capacity. This process is achieved based on the following considerations: 

 To raise the sampling to 24 hours, the six one-hourly samples and the 18-hour bulk are 
combined accounting for the exact duration of each sample.  

 Restricted access at operational power stations means it is not possible to monitor the 
collection of bulk samples overnight. In some cases, this resulted in bulk samples overflowing 
(Table 2). Overflowing bulk samples are discarded and 24-hour estimates are based on 
extrapolation from the six 1-hour samples.  
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 HPB does not always run at full cooling water capacity and may have less than four pumps 
in operation. Multiplication factors have been used to raise data to full operational pumping 
capacity when a reduced number of pumps are in operation. Annual impingement estimates for 
HPB are based on full operational cooling water capacity throughout the year and HPB 
predictions are therefore, overestimates. 

Annual impingement estimates have been calculated using a statistical bootstrapping approach 
with results detailed in BEEMS Technical Report TR456. Impingement estimates for HPB are 
scaled to predict annual unmitigated impingement rates at HPC based on the relative cooling water 
flow rates at full capacity.  

1.1.2 Routine Impingement Monitoring Programme (RIMP) 

The RIMP data series comprises 443 samples over a 37-year period from 1981 to 2017. Unlike the 
CIMP, the RIMP has lower sampling intensity with six one-hourly samples collected once per 
month. 

RIMP monitoring involves collecting samples from two operating drum screens supplying two 
operational MCW pumps. Impingement estimates have been scaled up to 24-hours by 
extrapolation of the six one-hourly samples raised to full operating capacity.  

1.2 Environment Agency Quality Assurance findings 

The Environment Agency completed a vertical audit and Quality Assurance (reported in TB001) of 
the HPB raw impingement datasets and the computer code (R script) used to generate the HPC 
predictions: 

a. The Environment Agency were satisfied by the CIMP raising methods and were able to 
reproduce the impingement numbers in BEEMS Technical Report TR456 from the raw data 
and associated R code. However, in the audit of the raw data four occasions (out of the 40 
samples) were identified when there were 4 operating screens but apparently only 3 
operational MCW pumps. On these occasions, Cefas used the number of screens to raise 
the impingement sample numbers to the full cooling water capacity, whereas the raising 
should be based upon on the number of operational pumps. 

b. TB001 concluded that rerunning the impingement analysis with the corrected CIMP input 
data resulted in an overall increase in the mean HPB impingement predictions of 4%. 

c. The Environment Agency did not find any errors in the use of the RIMP data.  

In response to TB001 a thorough internal audit of the raw CIMP and RIMP data used in TR456 
was undertaken by Cefas (Section 2). 
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2 Cefas internal audit results 

2.1 Number of occasions when the number of pumps did not equal the number of screens 
during the CIMP programme 

In addition to the four occasions identified by the Environment Agency when the number of pumps 

was not equal to the number of screens, one additional event was found increasing the total 

number to five. 

2.2 Why did the number of pumps not equal the number of screens? 

The cooling water demands of HPB consist of: 

i. Main cooling water flow that passes through the station condensers, supplied by the MCW 

pumps. 

ii. Two small cooling water feeds; the reactor cooling water (RCW) system and auxiliary 

cooling water system (ACW). The RCW system is a safety system and has its own pumps.  

All the cooling water at HPB is filtered through the drum screens. The number of MCW pumps 

varies according to the cooling need throughout the year, but the RCW and ACW demands are 

essentially constant (except during maintenance periods when the station is offline).  

Each MCW pump is physically connected to only one drum screen and MCW pumps are not 

operated without their associated screen. It is therefore not possible for MCW pumps to share 

screens and based upon Cefas’ understanding at the time when BEEMS Technical Report TR456 

was written, the five occasions when the number of operational screens exceeded the number of 

operational MCW pumps should not have occurred. The cooling water assumptions were then 

checked with HPB engineering who explained that whilst the MCW pumps cannot share screens, 

the small flow RCW system has the flexibility to draw water from any of the 4 drum screens and 

occasionally it is operated on its own drum screen leading to the observed condition with 3 MCW 

pumps and 4 operating screens. During these occasions the impingement numbers should have 

been raised by the number of operational pumps as identified by the Environment Agency in 

TB001. 

On approximately 10% of sample visits during the CIMP and the RIMP (1995-2017) the number of 

screens exceeded the number of pumps by one additional screen. 

2.2.1 CIMP pump and screen corrections  

The CIMP samples from all operational screens. As pumping capacity determines the volume of 
water being screened, the number of operational pumps (not screens) should be applied to raise 
impingement numbers to the full operating capacity.  

When HPB is not operating at full cooling water pumping capacity, the formula used to raise the 
impingement data in TR456 was: 

𝐹𝑢𝑙𝑙 𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑦 𝑖𝑚𝑝𝑖𝑛𝑔𝑒𝑚𝑒𝑛𝑡 = 𝑜𝑏𝑠𝑒𝑟𝑣𝑒𝑑 𝑖𝑚𝑝𝑖𝑛𝑔𝑒𝑚𝑒𝑛𝑡 ×
𝐹𝑢𝑙𝑙 𝑝𝑢𝑚𝑝𝑖𝑛𝑔 𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑦 (4 𝑝𝑢𝑚𝑝𝑠)

𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑜𝑝𝑒𝑟𝑎𝑡𝑖𝑜𝑛𝑎𝑙 𝑝𝑢𝑚𝑝𝑠
        Equation 1 
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        Equation 1 was applied for each species when only two or three pumps were operating, giving 
24-hour impingement raising factors of 2 and 1.333, respectively. This formula is a simplified 
approximation and in reality, it overestimates the cooling water flow when the number of pumps is 
less than four (see Section 2.3). 

Table 2 shows the results on the CIMP data audit. The data raising on the five occasions when the 
number of screens was greater than the number of pumps has been corrected and revised 
impingement estimates are provided in Section 3. In agreement with TB001, all other data 
including bulk sample raising was correctly applied.  A comparison between the results from 
TB001 and those presented in this report are provided in Appendix A.  

Table 2. Identification of raising errors for full operational pumping capacity. Orange highlighted cells show 

the five sample visits where the raising factor underestimated impingement rates at full capacity. All errors 

have been corrected in the impingement predictions presented herein. The seven sample visits when no bulk 

sample was collected due to sample overflow or logistical issues are shown in green for information, this 

data was correctly treated in BEEMS Technical Report TR456 Ed.2 v10.  

Sampling 
visit 

Screens 
(applied 

raising factor) 

Pumps 
(corrected 

raising factor) 
Bulk Consequence 

2009 

24.02.09 4 4 Valid  

26.02.09 4 4 Valid  

03.03.09 4 3 Valid 
Underestimate in raising factor to full 

operational capacity (not captured in TB001). 

12.03.09 4 4 Valid  

19.03.09 4 4 Valid  

20.03.09 4 4 Valid  

07.04.09 3 3 Valid  

23.04.09 4 4 Valid  

01.05.09 3 3 Valid  

06.05.09 3 3 No bulk 
24-hour estimate extrapolated from hourly 

samples (completed in TR456). 

07.05.09 3 3 Valid  

20.05.09 3 3 Valid  

21.05.09 3 3 Valid  

09.06.09 2 2 No bulk 
24-hour estimate extrapolated from hourly 

samples (completed in TR456). 

25.06.09 2 2 Valid  

30.06.09 2 2 Valid  

07.07.09 2 2 Valid  

14.07.09 2 2 Valid  

15.07.09 2 2 Valid  

23.07.09 2 2 Valid  

14.08.09 2 2 Valid  

20.08.09 2 2 No bulk 
24-hour estimate extrapolated from hourly 

samples (completed in TR456). 

25.08.09 3 3 Valid  
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Sampling 
visit 

Screens 
(applied 

raising factor) 

Pumps 
(corrected 

raising factor) 
Bulk Consequence 

08.09.09 4 4 Valid  

10.09.09 3 3 Valid  

24.09.09 4 4 Valid  

02.10.09 4 3 No bulk 

Underestimate in raising factor to full 
operational capacity (captured in TB001) / 
24-hour estimate extrapolated from hourly 

samples (completed in TR456). 

08.10.09 4 4 Valid  

22.10.09 4 4 No bulk 
24-hour estimate extrapolated from hourly 

samples (completed in TR456). 

29.10.09 4 4 Valid  

13.11.09 4 3 Valid 
Underestimate in raising factor to full 

operational capacity (captured in TB001). 

19.11.09 3 3 Valid  

20.11.09 3 3 Valid  

01.12.09 4 3 Valid 
Underestimate in raising factor to full 

operational capacity (captured in TB001). 

17.12.09 3 3 No bulk 
24-hour estimate extrapolated from hourly 

samples (completed in TR456). 

30.12.09 4 4 Valid  

2010 

06.01.10 4 4 Valid  

14.01.10 4 3 No bulk 

Underestimate in raising factor to full 
operational capacity (captured in TB001) / 
24-hour estimate extrapolated from hourly 

samples (completed in TR456). 

28.01.10 4 4 Valid  

29.01.10 4 4 Valid  

 

2.3 Refinement of HPB cooling water flow estimates 

During consultations with HPB engineering, it was determined that the total HPB cooling water flow 
with four operational MCW pumps was slightly greater than the figure supplied to Cefas in 2010 of 
33.7 cumecs (cubic metres per second) at 34.37 cumecs due to omission of the RCW flow of 0.67 
cumecs. After confirming that the impingement assessment for HPB (and therefore HPC) had to be 
recalculated to use the correct number of pumps as described above, and in order to ensure that 
the impingement estimates were as accurate as possible, it was decided to correct the station 
cooling water flows based upon the results of consultation with HPB engineering: 

i. The full capacity HPB cooling water flow was corrected to 34.37 cumecs 

ii. The flow with reduced number of MCW pumps was corrected for the estimated actual flow 
not simply by scaling the number of pumps e.g., the actual flow with 3 pumps is greater 
than ¾ * the flow with 4 pumps assumed in TR456 (Equation 1) which had the effect of 
overestimating HPB and HPC impingement rates. 
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2.3.1 Hinkley Point B flow rate correction 

When the station is operating at reduced cooling water capacity, with either two or three pumps 

operating, 24-hour impingement estimates have previously been raised to full operating capacity 

by applying Equation 1. However, the detailed information from the station has shown that the 

calculated flow rates with a reduced number of pumps are underestimates of actual flow rates. For 

example, ACW and RCW flows are still required irrespective of the number of MCW pumps 

operating. Therefore, the application of Equation 1 to raise impingement rates to full operating 

capacity results in underestimated cooling water flow rates at reduced station capacity, and 

consequent overestimates in HPB impingement.  

The estimated total flow at full operational capacity is 34.37 cumecs. During the 40 sample visits of 

the CIMP, full operational capacity with four pumps running occurred on 16 visits (Table 2). 

When three pumps are operating the volume of water screened is approximately 29.47 cumecs. 

Based on Equation 1, the applied correction factor to raise observed impingement to full 

operational capacity overestimates impingement by 12.5%. The station ran on three pumps during 

15 CIMP sample visits.  

In the less common case of just two pumps operating (9 sample visits; Table 2), estimated flow 

rates are 22.15 cumecs and impingement estimates using a raising factor of 2, overestimate 

impingement at full capacity by 22.5% (Table 3).  

Table 3 The relationship between pumping capacity and water abstracted, with scaling factors for 

determining impingement at full operational capacity.  

Pumps CIMP sample 
visits 

Total mean flow 
rate  

(cumecs) 

Scaling factor 
applied in TR456 

and TB001 

Correct Scaling 
factor (this note) 

Overestimate 
in TR456 and 

TB001 

4 16 34.37 1 1 0% 

3 15 29.47 1.33 1.166 12.5% 

2 9 22.17 2 1.550 22.5% 

 

2.3.2 Raising from Hinkley Point B to Hinkley Point C 

HPC impingement predictions are based on raising impingement estimates from HPB by the ratio 
of the cooling water flow rates at full capacity at HPC (131.86 cumecs) to HPB (34.37 cumecs): 

𝐻𝑃𝐶 𝑖𝑚𝑝𝑖𝑛𝑔𝑒𝑚𝑒𝑛𝑡 = 𝐻𝑃𝐵 𝑖𝑚𝑝𝑖𝑛𝑔𝑒𝑚𝑒𝑛𝑡 ×
131.86 𝑐𝑢𝑚𝑒𝑐𝑠

34.37 cumecs
 

Equation 2 

Equation 2 has been modified in this report to reflect the revised estimate of the HPB cooling water 
flow at full capacity (previously 33.7 cumecs). The HPB to HPC raising factor has thereby been 
reduced by 1.9% from 3.913 to 3.836.   

In Section 3, all impingement predictions for HPC are provided with corrected values for pump 
raising factors and HPB flow rates. Corrected HPB and HPC predictions are presented alongside 
those in BEEMS Technical Report TR456 Ed.2 version 10, allowing full transparency of data 
corrections and refined flow factors.  
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Appendix A – provides a cross comparison of the Environment Agency’s corrected values in 
TB001 with the mean annual Hinkley Point C impingement predictions predicted herein.   

2.4 Corrections to the RIMP dataset 

The RIMP data series comprises 443 samples over a 37-year period from 1981 to 2017. The RIMP 
has lower sampling intensity than the CIMP with six hourly samples collected once per month. 

RIMP monitoring involves collecting samples from two operating drum screens that are feeding two 
operational pumps. Impingement estimates have been scaled up to 24-hours by multiplying the six 
hourly samples by 4. To raise impingement estimates from two screens to full operating capacity, 
the numbers of fish has been multiplied by two, resulting in a total raising factor of 8.  

TB001 identified no errors in the use of the RIMP data. However, with the refinement in the HPB 
cooling water flow rates, the scaling factor applied to raise the RIMP data to 24hours at full 
capacity in TR456 is incorrect and resulted in small overestimates in predicted impingement.  

In TR456 and TB001 the RIMP impingement data are scaled up by a factor of 2 to represent full 
operational capacity irrespective of the total number of pumps and screens operating. This factor 
has been applied throughout the 37-year data series. However, in practice the volume of water 
abstracted, and the volume screened by each drum screen varies depending on the number of 
screens and pumps in operation. The RIMP data has been reviewed in respect to these 
considerations during the full years from 1995 to 2017 when station operational parameters were 
recorded in the RIMP dataset. 

A total of 262 monthly sample visits were completed between February 1995 and January 2017 
(full years corresponding to the CIMP), of which 94% had operational drum screen and pump data 
recorded. On 53% of occasions four pumps were operational, with three and two pumps operating 
on 30% and 11% of RIMP visits, respectively.  

Correction factors for the RIMP correspond to those applied for the CIMP (Section 2.2.1) and 
assume that screens with operational MCW pumps filter equivalent volumes (Table 3). On the 23 
occasions (7% of sample visits) three pumps were operational (29.47 cumecs) with four drum 
screens. In these cases, scaling factors are based on Equation 3 and assume that impingement 
sampling was performed from two of the three screens associated with the MCW pumps and the 
additional screen filtering just 0.67 cumecs of additional flow was not sampled.  

𝑆𝑡𝑒𝑝 1.              

 𝑉𝑜𝑙𝑢𝑚𝑒 𝑠𝑐𝑟𝑒𝑒𝑛𝑒𝑑 𝑝𝑒𝑟 𝑑𝑟𝑢𝑚 𝑠𝑐𝑟𝑒𝑒𝑛 =
(29.47 − 0.67)

(4 𝑠𝑐𝑟𝑒𝑒𝑛𝑠 − 1)
 

𝑆𝑡𝑒𝑝 2.            

 𝐶𝑜𝑟𝑟𝑒𝑐𝑡𝑖𝑜𝑛 𝑓𝑎𝑐𝑡𝑜𝑟 =
𝐹𝑢𝑙𝑙 𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑦 (34.37)

(𝑉𝑜𝑙𝑢𝑚𝑒 𝑠𝑐𝑟𝑒𝑒𝑛𝑒𝑑 𝑝𝑒𝑟 𝑑𝑟𝑢𝑚 𝑠𝑐𝑟𝑒𝑒𝑛 × 2 𝑠𝑎𝑚𝑝𝑙𝑒𝑑 𝑠𝑐𝑟𝑒𝑒𝑛𝑠)
 × 4 (𝑟𝑎𝑖𝑠𝑖𝑛𝑔 𝑡𝑜 24ℎ) 

Equation 3 
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Table 4 RIMP correction factors to raise the six hourly samples to 24 hours (x4) and full operational capacity. 

The number of occurrences in the 262 sample time series are shown in parentheses (no.), and the degree of 

overestimation when a raising factor of 8 is applied is shown is square brackets [%].  

Pumps 
Screens 

4 3 2 

4 
8 

(139) 
[0%] 

  

3 
7.16 
(19) 

[10.5%] 

7 
(79) 

[12.5%] 
 

2  
6.39 
(1) 

[20.1%] 

6.2 
(27) 

[22.5%] 

 

The average correction factor applied from February 1995 to January 2017 was 7.49 indicating a 

small correction to the data.  

Prior to 1995, data on station operational parameters was sporadic in the RIMP dataset. Where 

data on pump and screen operational parameters were not available a raising factor was applied 

based on the monthly average from 1995-2017 to account for seasonal differences in pumping 

rates. The monthly correction factors applied are presented in Table 5.  

Table 5. Monthly correction factors applied to RIMP data pre-1995 when operational information was lacking. 

Month 

Average raising factor based 

on mean monthly operational 

data from 1995-2017. 

January 7.59 

February 7.42 

March 7.49 

April 7.43 

May 7.75 

June 7.58 

July 7.61 

August 7.59 

September 7.45 

October 7.33 

November 7.30 

December 7.29 
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3 Results & Discussion 

3.1 Hinkley Point B impingement predictions corrected for data raising errors 

Changes in impingement estimates due to the correction of sampling raising factors are species 
specific but, in most cases, resulted in increases in impingement (Table 6). Seven species account 
for the top 95.4% of impingement by numbers at HPB (sprat, whiting, Dover sole, cod, thin lipped 
grey mullet, flounder, and five-beard rockling). The mean increase for the seven species 
contributing to the top 95% of impingement is 4.1% (Table 6). 

Eight species have been identified by the Environment Agency (EA32) as being of primary 
concern. Of these, the Annex II conservation species salmon and allis shad impingement 
estimates were unaffected by the pump raising correction. Impingement of eel was predicted to 
increase by 1%. Annual Twaite shad estimates increased by 10.5%. For the other species of 
primary interest, increases in impingement ranged from 3.3% for cod to 10.7% for herring.  

Appendix A – provides a cross comparison of the Environment Agency’s corrected values in 
TB001 with the mean annual Hinkley Point C impingement predictions following internal audit and 
correction of the pump raising factors. For the seven species contributing to the top 95% of 
impingement numbers the additional correction of the 3 March 2010 sample visit applied herein 
resulted in a mean increase in impingement of 0.2%. The greatest difference in the pump 
correcting factor between TB001 and the predictions for HPC herein was a 1.6% increase for 
herring (Appendix A).    

3.2 Hinkley Point B impingement predictions corrected for pump raising errors and flow 
rate refinements 

Changes in impingement due to the correction of pump raising factors and refinement of flow rates 
are species specific and depend on the period of the year when species are abundant. For most 
species’ net impingement estimates at HPB decrease, whereas some species remain consistent or 
slightly exceed impingement estimates presented in BEEMS Technical Report TR456. The mean 
decrease for the same seven species contributing to the top 95.3% of impingement is 8.6% (Table 
7).  

Salmon and allis shad are unaffected by the refinement of the flow rates and eel impingement was 
estimated to decrease by 7.4%. Twaite shad impingement estimates increase by 1.1% or six 
individuals per annum (note that these numbers represent raw impingement and EAVs have not 
been applied at this point in the assessment). Of the species of concern, cod decreased by the 
greatest amount (13.7%) with small reductions in bass (5.6%) and whiting (6.2%). The net effect of 
correcting the pump raising factors and refining flow rates was a 3.1% annual increase in herring 
impingement at HPB (Table 7).   

Impingement rates for the full species list is provided in Appendix B.1. 
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Table 6. Annual Hinkley Point B impingement estimate comparison between TR456 and following correction of pump raising errors. Species of primary 

concern identified by the Environment Agency (EA32) are shown in bold font. Species presented are ordered by impingement numbers.  

Common name 

Hinkley Point B impingement estimates from 
TR456.  

Hinkley Point B impingement estimates corrected for 
pump raising errors. Difference in mean 

(% change) 
Mean Lower Upper Mean Lower Upper 

Sprat 970,458 477,629 1,694,355 1,050,053 534,124 1,865,905 8.2% 

Whiting 541,942 419,946 724,197 571,806 440,793 762,267 5.5% 

Dover sole 143,998 90,840 241,280 144,784 91,753 239,195 0.5% 

Cod 95,310 56,650 216,493 98,432 58,680 209,774 3.3% 

Thin-lipped grey mullet 56,189 29,752 94,740 59,477 31,448 99,837 5.9% 

Flounder 54,971 44,167 67,890 55,387 44,549 68,495 0.8% 

Five-bearded rockling 34,846 28,571 45,428 36,349 29,878 46,879 4.3% 

Herring 27,478 15,697 44,439 30,415 17,267 50,362 10.7% 

Sand Goby 18,706 11,615 35,633 19,627 12,507 36,565 4.9% 

Bass 8,191 6,346 10,360 8,500 6,660 10,658 3.8% 

Plaice 1,292 735 2,333 1,329 757 2,371 2.9% 

Thornback ray 780 466 1,284 780 468 1,270 0.0% 

Twaite shad 550 304 925 608 334 1,066 10.5% 

Eel 309 197 458 312 200 460 1.0% 

Blue whiting 288 76 860 288 76 859 0.0% 

Sea lamprey 46 12 99 46 12 100 0.0% 

River lamprey 18 0 37 18 0 37 0.0% 

Allis shad 18 0 37 18 0 37 0.0% 

Atlantic salmon 0 0 0 0 0 0 NA 

Sea trout 0 0 0 0 0 0 NA 
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Table 7. Annual Hinkley Point B impingement estimate comparison between TR456 and following correction of pump raising errors and application of flow 

rate refinement. Species of primary concern identified by the Environment Agency (EA32) are shown in bold font. Species presented are ordered by 

impingement numbers. 

Common name 

Hinkley Point B impingement estimates from 
TR456. 

Hinkley Point B impingement estimates corrected for 
pumps raising errors and flow rate refinement. Difference in mean 

(% change) 
Mean Lower Upper Mean Lower Upper 

Sprat 970,458 477,629 1,694,355 949,054 485,322 1,663,863 -2.2% 

Whiting 541,942 419,946 724,197 508,185 394,541 660,020 -6.2% 

Dover sole 143,998 90,840 241,280 119,257 78,576 191,544 -17.2% 

Cod 95,310 56,650 216,493 82,255 50,948 168,077 -13.7% 

Thin-lipped grey mullet 56,189 29,752 94,740 56,189 29,615 937,20 0.0% 

Flounder 54,971 44,167 67,890 46,954 38,114 57,336 -14.6% 

Five-bearded rockling 34,846 28,571 45,428 32,588 26,967 41,610 -6.5% 

Herring 27,478 15,697 44,439 28,337 15,951 46,571 3.1% 

Sand Goby 18,706 11,615 35,633 17,377 11,416 30,033 -7.1% 

Bass 8,191 6,346 10,360 7,734 6,026 9,718 -5.6% 

Plaice 1,292 735 2,333 1,090 637 1,884 -15.6% 

Thornback ray 780 466 1,284 667 408 1,074 -14.5% 

Twaite shad 550 304 925 556 310 957 1.1% 

Eel 309 197 458 286 185 421 -7.4% 

Blue whiting 288 76 860 282 73 851 -2.1% 

Sea lamprey 46 12 99 45 10 96 -2.2% 

River lamprey 18 0 37 18 0 37 0.0% 

Allis shad 18 0 37 18 0 37 0.0% 

Atlantic salmon 0 0 0 0 0 0 NA 

Sea trout 0 0 0 0 0 0 NA 
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3.3 Hinkley Point C impingement predictions 

When scaling up the impingement estimates from HPB to HPC, the net effect of correcting the 
pump raising factors and refining flow rates resulted in decreases in impingement predictions for 
the majority of species. The mean decrease for the seven species contributing to the top 95.3% of 
impingement is 10.4% in comparison to the predicted numbers in BEEMS Technical Report TR456 
(Table 8). Changes are species specific and reflect the time of year the species are present and 
thereby the correction factors applied. Reductions in impingement predictions for sprat, the species 
impinged in the greatest numbers, are modest at 4.1% as a result of the species being most 
abundant during the winter months when most pumps were operating (Table 2). Conversely, cod 
and flounder, which are most abundant in June (BEEMS Technical Report TR456) when two 
pumps were operating (Table 2) are subject to larger reductions of 15.4% and 16.2%, respectively 
(Table 8). 

Of the species identified by the Environment Agency (EA32) as being of primary concern, only 
HPC impingement predictions for herring increased and then only by 1.1% per annum. Cod 
impingement predictions decreased by the greatest margin (15.4%) with 7.4% reductions in bass, 
and 8.1% reductions in annual whiting predictions.  

Salmon was not recorded in the CIMP and was therefore unaffected by the refinement of the flow 
rates.  Eel impingement was predicted to decrease by 9.2%. Twaite shad impingement predictions 
for HPC decreased by 1.0% (21 individuals) whereas allis shad impingement predictions for HPC 
reduce by a single fish per annum (1.4%) (Table 8). Impingement rates for the full species list is 
provided in Appendix B.1. 

3.4 Conclusions for HPC impingement assessments 

The corrections to the raising factors and refinement of the cooling water flow rates serves to 
improve the accuracy of the Hinkley Point C impingement estimates.  

With the exception of a 1.1% increase in predicted HPC herring impingement, all of the other key 
species in Table 8 show a reduction in predicted mean impingement compared with the results 
presented in BEEMS Technical Report TR456. 

These changes to HPC annual mean impingement predictions are well within the original 
confidence intervals presented in the TR456 HPC impingement assessment and do not 
materially alter the conclusions of that report. 
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Table 8. Annual unmitigated Hinkley Point C impingement prediction comparison between TR456 and following correction of pump raising errors and 

application of flow rate refinement.  Numbers represent raw impingement predictions, EAVs or mitigation has not been applied at this point in the assessment. 

Species of primary concern identified by the Environment Agency (EA32) are shown in bold font. Species presented are ordered by predicted impingement 

numbers. 

Common name 

Hinkley Point C impingement estimates from 
TR456. 

Hinkley Point C impingement estimates corrected for 
pumps raising errors and flow rate refinement. Difference in mean 

(% change) 
Mean Lower Upper Mean Lower Upper 

Sprat 3,797,169 1,868,846 6,629,605 3,641,032 1,861,930 6,383,385 -4.1% 

Whiting 2,120,487 1,643,147 2,833,610 1,949,645 1,513,649 2,532,156 -8.1% 

Dover sole 563,431 355,434 944,071 457,527 301,454 734,857 -18.8% 

Cod 372,924 221,659 847,084 315,571 195,460 644,827 -15.4% 

Thin-lipped grey mullet 219,854 116,412 370,696 215,568 113,617 359,556 -1.9% 

Flounder 215,090 172,813 265,639 180,139 146,226 219,969 -16.2% 

Five-bearded rockling 136,343 111,790 177,748 125,022 103,460 159,637 -8.3% 

Herring 107,516 61,420 173,881 108,714 61,196 178,669 1.1% 

Sand Goby 73,193 45,447 139,424 66,666 43,796 115,221 -8.9% 

Bass 32,049 24,831 40,536 29,671 23,120 37,284 -7.4% 

Plaice 5,056 2,877 9,129 4,183 2,444 7,227 -17.3% 

Thornback ray 3,054 1,825 5,025 2,560 1,565 4,121 -16.2% 

Twaite shad 2,152 1,191 3,619 2,131 1,189 3,673 -1.0% 

Eel 1,210 771 1,794 1,099 711 1,617 -9.2% 

Blue whiting 1,127 298 3,366 1,082 280 3,264 -4.0% 

Sea lamprey 181 47 389 171 40 369 -5.5% 

River lamprey 71 0 143 70 0 140 -1.4% 

Allis shad 71 0 143 70 0 140 -1.4% 

Atlantic salmon 0 0 0 0 0 0 NA 

Sea trout 0 0 0 0 0 0 NA 
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3.5 Corrections to the RIMP time series 

The refinement to the RIMP raising factors resulted in small reductions in the annual HPB 
impingement estimates. The scale of reduction is species specific and varies annually. The CIMP 
year of 2009/2010 has been shown to illustrate the scale of changes following the refinement of 
the flow rates. The average reduction in impingement numbers in 2009/2010 for the species of 
primary concern identified by the Environment Agency (EA32) was 11.8%, the greatest change 
was for cod (-16.8%) whilst herring numbers reduced by just 8.7% (Table 9).  
 

Table 9. Annual Hinkley Point B RIMP impingement predictions comparison between original numbers with a 

correction factor of 8 applied and following flow rate refinement.  Numbers represent raw impingement 

predictions, EAVs have not been applied at this point in the assessment. Species selected include those of 

primary concern identified by the Environment Agency (EA32). 

Species 

Annual 
impingement 
(2009/2010): 
Uncorrected 

data 

Annual 
impingement 
(2009/2010): 

Raising factor 
corrected data 

Difference 

Sprat 671,883 757,983 -11.4% 

Whiting 626,473 715,643 -12.5% 

Dover Sole 83,392 99,523 -16.2% 

Cod 133,876 160,843 -16.8% 

Thin-lipped grey 
mullet,  15,121 16,547 -8.6% 

Flounder 30,573 36,743 -16.8% 

Five-bearded 
rockling 40,023 45,017 -11.1% 

Herring 42,223 46,233 -8.7% 

Bass 4,572 5,110 -10.5% 

Twaite shad 431 487 -11.5% 

Eel 0 0 NA 

Allis shad 0 0 NA 

Atlantic salmon 0 0 NA 

 

Impingement estimates for Hinkley Point B and predictions for Hinkley Point C are based on 
numbers generated by the CIMP. The RIMP is used to inform long-term trends in species 
abundance. This trend analysis has been used to inform the impingement comparator against 
which some species have been assessed including thin lipped grey mullet, five-bearded rockling, 
flounder and sand gobies. 
 
3.5.1 Trend Analysis 

To account for the existence of different distributions in fish populations in different months of the 
year a Seasonal Kendall Test (SKT) for trends which is insensitive to seasonality in the data is 
applied. This test is conducted by computing the Mann-Kendall (MK) test separately for each 
month. The test statistic (tau) ranges from +1 if there is a perfect increasing series, to -1 if there is 
a perfect decreasing series. The results of the trend analysis are provided in Appendix C.  
 
The trend analysis shows very similar results to those presented in BEEMS Technical Report 
TR456. As previously observed, European eel and twaite shad were subject to a decline in 
impingement rates in the RIMP between 1981 and 2017 (tau = -0.098, p = 0.041 and tau = -0.189, 
p = < 0.001, respectively; Table 11 and Figure 1). Between 1981 and 2017 herring increased 
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significantly (tau = 0.293, p < 0.001) as did cod (tau = 0.148, p = 0.005), and sprat (tau = 0.192, p 
< 0.001).   
 
Whiting and bass had previously seen significant increases in RIMP impingement rates between 
1981 and 2017 (BEEMS Technical Report TR456), however, in both cases increases between 
1981-2017 were no longer significant (tau = 0.1, p = 0.106 and tau = 0.117, p = 0.064, 
respectively).  
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Appendix A – Annual mean unmitigated Hinkley Point C impingement prediction 

comparisons 

Table 10. Annual mean unmitigated HPC impingement prediction comparisons between a) the original data provided in TR456, b) the Environment Agency 

impingement predictions having corrected pump raising factors, c) Cefas impingement predictions in response to TB001 and correction of pump raising factors, d) 

Final impingement predictions corrected for pump raising factors and flow rate refinements. Highlighted columns represent the numbers presented by the 

Environment Agency in TB001 (b.) and the final Cefas predictions presented herein (d.).    

Species 
a) HPC 
impingement 
from TR456.  

b) HPC 
impingement 
corrected for 
pump raising 

errors  
(reported in TB001) 

Difference 
between a) 

and b) 
(reported in 

TB001) 

c) HPC impingement 
corrected for pump 

raising errors 

Difference 
between b) 

and c). 

d) HPC impingement 
corrected for pump raising 
errors and flow refinement 

(Table 8, this report) 

Difference 
between b) 

and d). 

Sprat 3,797,169 4,108,315 8.2% 4,108,605 0.0% 3,641,032 -11.4% 

Whiting 2,120,487 2,222,204 4.8% 2,237,340 0.7% 1,949,645 -12.3% 

Dover Sole 563,431 566,275 0.5% 566,505 0.0% 457,527 -19.2% 

Cod 372,924 385,117 3.3% 385,141 0.0% 315,571 -18.1% 

Thin-lipped grey 
mullet 219,854 

232,417 
5.7% 232,719 0.1% 

215,568 
-7.2% 

Flounder 215,090 216,183 0.5% 216,716 0.2% 180,139 -16.7% 

Five-bearded 
rockling 136,343 

141,984 
4.1% 142,226 0.2% 

125,022 
-11.9% 

Herring 107,516 117,114 8.9% 119,005 1.6% 108,714 -7.2% 

Sand goby 73,193 76,299 4.2% 76,795 0.7% 66,666 -12.6% 

Bass 32,049 33,053 3.1% 33,259 0.6% 29,671 -10.2% 

Plaice 5,056 5,187 2.6% 5,199 0.2% 4,183 -19.4% 

Thornback ray 3,054 3,054 0.0% 3,054 0.0% 2,560 -16.2% 

Twaite shad 2,152 2,379 10.5% 2,379 0.0% 2,131 -10.4% 

Eel 1,210 1,222 1.0% 1,222 0.0% 1,099 -10.1% 

Blue whiting 1,127 1,127 0.0% 1,127 0.0% 1,082 -4.0% 

Sea lamprey 181 181 0.0% 181 0.0% 171 -5.5% 
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Species 
a) HPC 
impingement 
from TR456.  

b) HPC 
impingement 
corrected for 
pump raising 

errors  
(reported in TB001) 

Difference 
between a) 

and b) 
(reported in 

TB001) 

c) HPC impingement 
corrected for pump 

raising errors 

Difference 
between b) 

and c). 

d) HPC impingement 
corrected for pump raising 
errors and flow refinement 

(Table 8, this report) 

Difference 
between b) 

and d). 

River lamprey 71 71 0.0% 71 0.0% 70 -1.4% 

Allis shad 71 71 0.0% 71 0.0% 70 -1.4% 

Sea trout 0 0 NA 0 NA 0 NA 

Atlantic salmon 0 0 NA 0 NA 0 NA 
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Appendix B Mean, lower and upper numbers of fish estimated (HPB) and predicted 

(HPC) to be impinged annually  

B.1 CIMP calculated annual impingement by numbers at HPB and HPC without mitigation – all fin-fish species 

Numbers presented are raw (no EAV applied) unmitigated values based on corrections to pumping raising factors and refinements to Hinkley Point B flow rates.  

 

 Scientific name Common name 
HPB – estimate 34.37 m3s-1 HPC – prediction 131.86 m3s-1 

Mean Lower Upper Mean Lower Upper 

Sprattus sprattus Sprat 949,054 485,322 1,663,863 3,641,032 1,861,930 6,383,385 

Merlangius merlangus Whiting 508,185 394,541 660,020 1,949,645 1,513,649 2,532,156 

Solea solea  Dover sole 119,257 78,576 191,544 457,527 301,454 734,857 

Gadus morhua  Cod 82,255 50,948 168,077 315,571 195,460 644,827 

Liza ramada  Thin-lipped grey mullet  56,189 29,615 93,720 215,568 113,617 359,556 

Platichthys flesus  Flounder 46,954 38,114 57,336 180,139 146,226 219,969 

Ciliata mustela  5-bearded rockling 32,588 26,967 41,610 125,022 103,460 159,637 

Clupea harengus  Herring 28,337 15,951 46,571 108,714 61,196 178,669 

Pomatoschistus minutus  Sand goby 17,377 11,416 30,033 66,666 43,796 115,221 

Entelurus aequoreus  Snake pipefish 11,670 6,778 18,764 44,771 26,004 71,989 

Dicentrarchus labrax  Bass 7,734 6,026 9,718 29,671 23,120 37,284 

Liparis liparis  Common sea snail 7,518 5,074 12,681 28,844 19,466 48,649 

Trisopterus minutus  Poor cod 2,625 1,731 3,862 10,071 6,642 14,815 

Trisopterus luscus  Pout 1,850 1,166 2,823 7,099 4,472 10,830 

Conger conger  Conger 1,214 849 1,763 4,656 3,258 6,763 

Scyliorhinus canicula  Lesser-spotted dogfish  1,199 649 2,606 4,599 2,489 9,998 

Pleuronectes platessa  Plaice 1,090 637 1,884 4,183 2,444 7,227 

Limanda limanda  Dab 842 494 1,410 3,229 1,897 5,409 
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 Scientific name Common name 
HPB – estimate 34.37 m3s-1 HPC – prediction 131.86 m3s-1 

Mean Lower Upper Mean Lower Upper 

Maurolicus muelleri  Pearlsides 788 433 1,395 3,023 1,661 5,353 

Agonus cataphractus  Hooknose (Pogge) 752 453 1,221 2,887 1,737 4,683 

Raja clavata  Thornback ray (Roker) 667 408 1,074 2,560 1,565 4,121 

Ciliata septentrionalis  Northern rockling 556 265 1,006 2,132 1,016 3,860 

Alosa fallax  Twaite shad  556 310 957 2,131 1,189 3,673 

Gasterosteus aculeatus  3-Spined stickleback,  333 161 642 1,278 618 2,463 

Anguilla anguilla  European eel 286 185 421 1,099 711 1,617 

Micromesistius poutassou Blue whiting  282 73 851 1,082 280 3,264 

Cyclopterus lumpus  Lumpsucker 271 64 879 1,039 245 3,374 

Syngnathus rostellatus  Nillson’s pipefish 246 32 603 945 123 2,313 

Pomatoschistus pictus  Painted goby 237 90 529 910 345 2,029 

Hyperoplus lanceolatus  Greater sand eel 205 36 578 785 138 2,217 

Mullus surmuletus  Red mullet 195 60 574 747 230 2,204 

Psetta maxima  Turbot 190 66 534 730 253 2,048 

Callionymus lyra  Dragonet 182 73 396 697 279 1,519 

Atherina boyeri  Sand smelt 180 85 305 692 328 1,169 

Trisopterus esmarkii Norway pout 175 95 361 672 366 1,385 

Trigla lucerna Tub gurnard 146 57 299 560 219 1,146 

Eutrigla gurnardus  Grey gurnard 145 69 272 558 265 1,044 

Merluccius merluccius  Hake 137 50 307 525 190 1,180 

Pollachius pollachius  Pollack 128 59 241 492 228 926 

Aphia minuta  Transparent goby 90 30 184 347 117 705 

Lophius piscatorius  Angler fish 84 31 148 323 118 569 

Spinachia spinachia  15-spined stickleback  83 0 207 319 0 793 

Syngnathus acus  Greater pipefish 64 0 149 245 0 572 
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 Scientific name Common name 
HPB – estimate 34.37 m3s-1 HPC – prediction 131.86 m3s-1 

Mean Lower Upper Mean Lower Upper 

Labrus bergylta Ascanius Ballan Wrasse 64 11 192 245 41 735 

Balistes carolinenis  Trigger Fish 52 0 180 198 0 689 

Blennius gattorugine  Tompot blenny 49 11 107 188 42 411 

Trachinus vipera  Lesser weever 48 9 112 184 35 431 

Petromyzon marinus Sea lamprey 45 10 96 171 40 369 

Gaidropsaurus vulgaris  3-Bearded rockling 34 0 107 129 0 412 

Sardina pilchardus  Pilchard 25 0 74 94 0 283 

Perca fluviatilis Perch 22 0 65 83 0 249 

Capros aper Boar fish 19 0 47 74 0 181 

Zeus faber  John Dory 18 0 37 70 0 140 

Lampetra fluviatalis  River lamprey 18 0 37 70 0 140 

Alosa alosa Allis shad 18 0 37 70 0 140 

Scophthalmus rhombus  Brill 17 0 51 65 0 195 

Gobius niger  Black goby 17 0 51 65 0 195 

Engraulis encrasicolus  Anchovy 14 0 42 54 0 163 

Gaidropsarus mediterraneus Shore rockling 14 0 42 54 0 162 

Ammodytes tobianus  Common sand eel 11 0 32 41 0 123 

Sander lucioperca Zander 11 0 32 41 0 123 

Hippoglossoides platessoides Log rough dab 9 0 27 35 0 105 

Sparus aurata Gilthead bream 9 0 27 35 0 105 

Leuciscus cephalus Chub 9 0 27 35 0 105 
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Appendix C RIMP trends  

C.1 Trend analysis from the RIMP data series 

Trend analyses in the RIMP data series follow the same methods as Appendix E of BEEMS Technical 
Report TR456 but applied the corrected data. The methods and results are presented below.  
 
Trends in fish numbers may be assessed using the Mann-Kendall statistic (Mann, 1945; Kendall, 1975). For 
a particular species, this looks at all pairs of counts (Cj,Ck) such that j>k. If Ck>Cj then the pair scores a 1, if 
Ck<Cj then the pair scores a -1, if they are the same then the score is 0. The statistic MK is the sum of all 
these scores. Thus, an increasing series would have a positive score; a decreasing series would have a 
negative score. This statistic only measures trend in some average sense over the whole range of years. 
Thus, it could detect generally increasing positive or negative trends. 
 
The previous analysis on the RIMP dataset is extended to account for any existence of different distributions 
in fish populations in different months of the year. We implement the Seasonal Kendall Test (SKT) for trends 
which is insensitive to seasonality in the data. This test is conducted by computing the Mann-Kendall (MK) test 

separately for each month, 𝑖. Denote the set of 𝑛 (𝑛𝑖=37 for our series observations in the 𝑖𝑡ℎ month) by 𝑌𝑖𝑗 

(𝑗=1,…,𝑛𝑖) and the set of 𝑚𝑖 observations which occur in a later year than 𝑌𝑖𝑗 by 𝑌𝑖𝑘 (𝑘=1,…,𝑝𝑖). We then 

calculate the statistic  

𝑀𝐾𝑖 =  ∑ ∑ 𝑠𝑔𝑛(𝑌𝑖𝑗 , 𝑌𝑖𝑘)

𝑚

𝑘=1

𝑛

𝑗=1

 

 
where 𝑠𝑔𝑛 is an indicator function for month 𝑖. This function takes on the values of 1, 0 or -1 according to the 

sign of the difference in 𝑌𝑖𝑗 − 𝑌𝑖𝑘.  

 
To facilitate comparison, we report the test statistic standardised by the number of paired comparisons 𝑛𝑖(𝑛𝑖 −
1)/2. 

𝑡𝑎𝑢𝑆𝐾 = ∑
𝑀𝐾𝑖

𝑛𝑖(𝑛𝑖 − 1)/2
𝑖

 

 
Thus, if there is a perfect increasing series then the statistic will have value +1; if there is a perfect decreasing 
series then the statistic will have value -1. 
 
Under the alternative hypothesis of some form of trend (not specifying positive or negative trend) p-values are 
calculated using a z-test, dividing the test statistic by its standard deviation. We use the rkt package (Marchetto 
2017) in R version 4.0.2 (R Development Core team, 2020) to compute these p-values, which corrects for 
missing values and correlation between months. The SKT test is based on one value per month, which 
matches the RIMP sampling. Therefore, in seven cases where the sampling was carried at the end of the 
adjacent month the analysis used the target month, and an additional sample in 1983 (28/12/1983) was 
dropped. To minimise the number of spurious trends, no statistics were computed for species with less than 
three observations in each period (1981-1999, 2000-2017 or 1981-2017). This threshold effectively reduced 
the number of species with 22 species found to have less than three observations in the 36-year period. An 
additional eight species were found to have less than five observations, but we adopt a conservative approach 
so as not to eliminate species of interest.  
 
The Seasonal Kendall’s trend test is not able to tease out more subtle situations where, for example, the trend 
increases and then decreases. Thus, it is important to consider this statistic in conjunction with plots of the 
data. Where a statistically significant trend is observed, we therefore plot the data for each species with a 
LOESS smoothing curve to illustrate trends. This local polynomial method combines robustness ideas from 
linear regression and local fitting ideas from kernel methods. Polynomials are fit to the data in a selected 
window and the predicted response at the middle of the window is the fitted value. We then slide the window 
over the range of the data, repeating the fitting process as the window moves.   
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4.1.1 Trend analysis results 

Separate Seasonal Kendall test statistics and associated p-values for each of the RIMP species in 1981-1999, 
2000-2017 and for the full time period 1981-2017 have been calculated. The results are shown in Table 11. 
All values for which the p-value was less than 0.05 are shown in bold. There are several species with 
statistically significant trends as shown in the table and the direction of the trend can be determined from the 
sign of the statistic (tau) and plots (Figure 2 to Figure 6).  
 
The trend analysis shows very similar results to those presented in BEEMS Technical Report TR456. On nine 
occasions (highlighted in green in Table 11) a previously significant trend is no longer significant. However, 
the proximity to α 0.05 and the strength of the tau parameter should be interpreted. For two species, a 
significant trend was observed whereas previously it had not (highlighted in purple in Table 11). A slight but 
significant decline was identified in European eel between 2000-2017 (tau = -0.063, p = 0.037), whereas thick 
lipped grey mullet saw a very minor but significant increase between 1981 and 1999 (tau = 0.031, p = 0.047; 
Table 11).  
 
As previously observed European eel and twaite shad were subject to a decline in impingement rates in the 
RIMP between 1981 and 2017 (tau = -0.098, p = 0.041 and tau = -0.189, p = < 0.001, respectively; Table 11 
and Figure 1). Between 1981 and 2017 herring increased significantly (tau = -0.293, p < 0.001) as did cod 
(tau = -0.148, p = 0.005), and sprat (tau = -0.192, p < 0.001).   
 
Whiting and bass had previously seen significant increases in RIMP impingement rates between 1981 and 
2017 (BEEMS Technical Report TR456), however, in both cases increases between 1981-2017 were no 
longer significant (tau = 0.1, p = 0.106 and tau = -0.117, p = 0.064, respectively). Whiting and bass both had 
significant increases between 1981 and 1999 but the trends were not matched by a significant increase 
throughout the whole time series (Figure 2 and Table 11).  
 
Table 11 Calculated Seasonal Kendall Test statistics. Results with significant trends highlighted in bold text. 
A positive value of tau indicates a positive trend and a negative value a negative trend. Some species were 
observed less than three times during a given time period and no statistics are therefore calculated for them. 
For clarity, any species with less than three observations in 1981-2017 is omitted from the table. Cells 
highlighted in green no longer have a significant trend, those highlighted in purple did not have a significant 
trend in BEEMS Technical Report TR456 but are now significant.  

 Species  Common name 
1981-2017 1981-1999 2000-2017  

tau p tau p tau p No. fish 

Agonus cataphractus  Hooknose 
(Pogge) 

0.064 0.029 0.061 0.167 0.072 0.089 247 

Alosa fallax  Twaite shad -0.098 0.041 0.05 0.531 -0.052 0.249 553 

Ammodytes tobianus  Common sand 
eel 

0.006 0.626 -0.008 0.65 -0.003 0.9 28 

Anguilla anguilla Eel -0.189 0 -0.057 0.194 -0.063 0.037 336 

Aphia minuta Transparent 
goby 

-0.003 0.944 -0.049 0.289 -0.019 0.747 511 

Atherina boyeri Sand smelt 0.023 0.148 0.028 0.184 -0.001 1 34 

Blennius gattorugine Tompot blenny -0.003 0.605 0.007 0.484 NA NA 6 

Callionymus lyra Dragonet 0 1 0.037 0.134 -0.058 0.024 95 

Callionymus 
reticulatus 

Reticulated 
dragonet 

0.021 0.008 NA NA 0.04 0.015 15 

Capros aper Boarfish 0.021 0.015 NA NA 0.042 0.025 18 

Ciliata mustela 5-bearded 
rockling 

0.295 0 0.221 0.009 0.148 0.079 2,959 

Ciliata septentrionalis Northern 
rockling 

0.035 0.054 0.039 0.156 0.006 0.83 114 

Clupea harengus Herring 0.293 0 0.072 0.047 0.083 0.347 4,254 

Conger conger Conger 0.016 0.695 0.039 0.376 -0.065 0.375 336 



 
100874130 

Revision 02 

 Hinkley Point C impingement predictions corrected for 
Hinkley Point B raising factors and cooling water flow rates 

 

NOT PROTECTIVELY MARKED  
 

SPP112 Corrected impingement 
predictions. 

NOT PROTECTIVELY MARKED Page 36 of 43 

 

 Species  Common name 
1981-2017 1981-1999 2000-2017  

tau p tau p tau p No. fish 

Crenimugil labrosus Thick-lipped 
grey mullet 

-0.003 0.687 0.031 0.047 NA NA 8 

Crystallogobius 
linearis 

Crystal goby 
-0.013 0.024 -0.006 0.58 NA NA 9 

Ctenolabrus rupestris Goldsinny 
wrasse 

-0.01 0.081 -0.008 0.416 NA NA 6 

Cyclopterus lumpus Lumpsucker -0.044 0.004 -0.055 0.034 -0.012 0.455 116 

Dicentrarchus labrax Bass 0.117 0.064 0.242 0.007 -0.101 0.279 3,258 

Engraulis encrasicolus  Anchovy -0.007 0.291 -0.01 0.43 NA NA 7 

Entelurus aequoreus   Snake pipefish, 
Snake 

0.054 0.174 -0.003 0.927 -0.066 0.366 748 

Eutrigla gurnardus Grey Gurnard 0.144 0.003 0.129 0.032 0.067 0.361 766 

Gadus morhua Cod 0.148 0.005 0.206 0.006 -0.004 0.959 2,140 

Gaidropsaurus 
vulgaris Cloquet  

3-bearded 
rockling 

0.011 0.231 NA NA 0.003 0.871 13 

Gasterosteus 
aculeatus  

3-spined 
stickleback 

0.038 0.111 0.036 0.069 -0.06 0.171 72 

Gobius niger  Black goby -0.004 0.763 0.002 0.926 -0.045 0.031 26 

Gobius paganellus Rock goby 0.023 0.004 NA NA 0.015 0.335 11 

Hyperoplus 
lanceolatus  

Greater sandeel 
0.004 0.657 NA NA -0.022 0.239 8 

Labrus bergylta  Ballan wrasse -0.012 0.264 -0.008 0.66 -0.017 0.195 16 

Lampetra fluviatalis   River lamprey -0.004 0.63 0.029 0.039 NA NA 9 

Limanda limanda   Dab -0.136 0.001 -0.038 0.499 -0.016 0.72 1,716 

Liparis liparis   Common sea 
snail 

-0.03 0.381 -0.066 0.172 0.026 0.654 3,659 

Liza aurita Golden mullet,  0.001 0.937 0.032 0.056 -0.054 0.032 24 

Liza ramada  Thin-lipped grey 
mullet 

0.168 0.001 0.035 0.585 0.065 0.323 1,929 

Lophius piscatorius  Angler fish -0.009 0.317 -0.028 0.051 0.012 0.291 21 

Maurolicus muelleri  Pearlsides 0.025 0.217 0.075 0.006 -0.05 0.116 58 

Merlangius merlangus Whiting 0.1 0.106 0.277 0.004 -0.106 0.21 54,730 

Merluccius merluccius  Hake -0.175 0 -0.087 0.177 NA NA 200 

Micromesistius 
poutassou 

Blue whiting 
0.013 0.231 NA NA -0.022 0.264 68 

Molva molva  Ling -0.002 0.751 NA NA NA NA 4 

Mullus surmuletus   Red mullet 0.014 0.285 0.014 0.384 -0.04 0.052 123 

Platichthys flesus Flounder 0.075 0.109 0.175 0.008 -0.079 0.28 3,410 

Pleuronectes platessa Plaice 0.052 0.065 0.074 0.041 -0.037 0.42 204 

Pollachius pollachius    Pollack -0.035 0.199 -0.007 0.869 -0.051 0.219 145 

Pomatoschistus 
microps 

Common goby 
0.07 0.032 0.042 0.139 0.014 0.823 164 

Pomatoschistus 
minutus 

Sand goby 
0.121 0.052 0.153 0.111 -0.063 0.474 12,522 

Pomatoschistus pictus Painted goby -0.004 0.478 NA NA NA NA 6 

Psetta maxima  Turbot 0.013 0.4 0.011 0.527 -0.016 0.553 31 

Raja clavata   Thornback ray 
(roker) 

-0.001 0.958 -0.013 0.744 0.018 0.583 95 
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 Species  Common name 
1981-2017 1981-1999 2000-2017  

tau p tau p tau p No. fish 

Raniceps raninus   Tadpolefish -0.009 0.137 -0.014 0.177 NA NA 5 

Salmo salar Atlantic salmon -0.008 0.24 -0.004 0.685 NA NA 9 

Scophthalmus 
rhombus  

Brill 
-0.024 0.042 -0.024 0.282 NA NA 22 

Scyliorhinus caniculus Lesser-spotted 
dogfish 

0.11 0 0.008 0.78 0.112 0.004 96 

Solea solea  Dover sole 0.314 0 0.237 0.001 0.076 0.195 9,595 

Spinachia spinachia  15-spined 
stickleback 

-0.001 0.896 -0.002 0.881 -0.005 0.736 8 

Spondyliosoma 
cantharus  

Black sea bream 
-0.014 0.032 0.006 0.644 NA NA 7 

Sprattus sprattus Sprat 0.192 0 0.127 0.023 0.122 0.067 65,296 

Syngnathus acus   Greater pipefish 0.005 0.833 0.09 0.016 -0.094 0.004 43 

Syngnathus rostellatus  Pipefish, 
Nillson's 

0.003 0.887 -0.024 0.345 -0.018 0.635 86 

Trachurus trachurus   Scad (Horse 
mackerel) 

-0.005 0.618 0.004 0.831 0.015 0.226 18 

Trigla lucerna   Tub gurnard -0.007 0.732 -0.011 0.715 0.038 0.163 70 

Trisopterus esmarkii Norway pout -0.058 0.061 0.001 0.984 -0.021 0.567 302 

Trisopterus luscus   Pout -0.185 0.009 0.018 0.855 -0.336 0.001 4,119 

Trisopterus minutus  Poor cod -0.145 0.028 -0.078 0.366 -0.123 0.241 7,273 
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Figure 1 Species plots for the species of primary interest for the inquiry (eel, Atlantic salmon, twaite shad), 

Loess smooths applied to the full period (1981-2017, red dashed lines), 1981-1999 (in green), and 2000-

2017 (in blue). The grey dashed vertical line indicates December 1999. Zero values omitted for clarity. 

Values are for each sample visit raised to 24-hours at full pumping capacity. 
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Figure 2 Species plots for the species of primary interest for the inquiry (bass, cod, herring and whiting), 

Loess smooths applied to the full period (1981-2017, red dashed lines), 1981-1999 (in green), and 2000-

2017 (in blue). The grey dashed vertical line indicates December 1999. Zero values omitted for clarity. 

Values are for each sample visit raised to 24-hours at full pumping capacity.  
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Figure 3 Species plots where any significant trend was detected in any of the time periods (p-value<0.05). Loess smooth is drawn for each species. The grey dashed 

vertical line indicates December 1999, green symbols are 1981-1999, blue symbols are 2000-2017. Values are for each sample visit raised to 24-hours at full 

pumping capacity. 
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Figure 4 (Continued) Species Plots where any significant trend was detected in any of the time periods (p-value<0.05). Loess smooth is drawn for each species. The 

grey dashed vertical line indicates December 1999, green symbols are 1981-1999, blue symbols are 2000-2017. Values are for each sample visit raised to 24-hours 

at full pumping capacity. 
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Figure 5 (Continued) Species Plots where any significant trend was detected in any of the time periods (p-value<0.05). Loess smooth is drawn for each species. The 

grey dashed vertical line indicates December 1999, green symbols are 1981-1999, blue symbols are 2000-2017. Values are for each sample visit raised to 24-hours 

at full pumping capacity. 
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Figure 6 (Continued) Species Plots where any significant trend was detected in any of the time periods (p-value<0.05). Loess smooth is drawn for each species. The 

grey dashed vertical line indicates December 1999, green symbols are 1981-1999, blue symbols are 2000-2017. Values are for each sample visit raised to 24-hours 

at full pumping capacity. 


