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Executive Summary 

Jacobs UK Limited (Jacobs) was commissioned by Horizon Nuclear Power Wylfa Limited (Horizon) to undertake 

a full marine survey programme to inform various applications, assessments and permits to be submitted for 

approval to construct and operate the Wylfa Newydd Generating Station and Associated Development. 

Baseline water quality and plankton surveys have been carried out with the aim of characterising the prevailing 

environmental conditions and to enable assessment of the predicted effects of the Wylfa Newydd Generating 

Station and Associated Developments e.g. Cooling Water (CW) intake and Marine Off-Loading Facility (MOLF), 

within the final Environmental Statement and associated applications. This report details the findings of the 

water quality and plankton surveys that were carried out during the baseline period (between May 2010 and 

November 2014) and two additional water quality surveys carried out in December 2015 and February 2016 

within the same area. In addition, the report also presents the findings of a single water quality survey carried 

out within the licensed disposal site Holyhead North (IS043). 

Water Quality 

Physico-chemical data recorded between May 2010 and November 2014 showed no evidence of a permanent 

thermocline, halocline or seasonal stratification of the water body along the north Anglesey coastline, and were 

consistent with a fully mixed marine water body. Weak thermal stratification was occasionally recorded at some 

sites and signs of a thermal influence (probably the existing cooling water discharge plume) were occasionally 

observed at sites WQ2, WQ6 and WQ7. Water temperatures recorded during the baseline monitoring 

programme are comparable and within the same range to the long-term temperature records for the area held 

by The Centre for Environment, Fisheries and Aquaculture Science (Cefas). Dissolved oxygen data recorded 

each month indicate high dissolved oxygen standards according to the Water Framework Directive (WFD) 

classification. 

Chemical analysis results were reported at concentrations typical of coastal waters and in line with previous 

studies carried out around the north of Anglesey. Many concentrations were consistently reported as below the 

Minimum Reportable Value (MRV) or below the Limits of Detection (LoD). Concentrations reported above any of 

these values were compared with their Environmental Quality Standard (EQS) when applicable. After 

comparison with the relevant EQS, all data collected to date indicate good chemical status based on the specific 

pollutants, priority substances and other pollutants covered under the WFD and Priority Substance Directive 

between May 2010 and November 2014. Total suspended solids data indicate clear/intermediate turbid water. 

Nutrient concentrations were low and consistent throughout the monitoring programme, indicating very little 

nutrient enrichment in the survey area. Average concentrations of dissolved inorganic nitrogen (DIN) indicate 

high DIN standard under the WFD classification in 2010-11 and 2011-12. Due to limited DIN data availability for 

the winter months after 2012, no classification was inferred after 2011-12. Most metals analysed were reported 

at low levels, with some below the MRV. Mercury exceeded the short-term EQS or maximum allowable 

concentration (MAC-EQS) on one occasion in Oct 2010. Most of the organic compounds monitored were 

consistently found below or marginally above the MRV. All compounds were found well below their relevant 

EQS. 

β radiation levels detected in some samples were comparable to the Radioactivity in Food and the Environment 

(RIFE) data for the region. High levels of radiation were reported in samples taken in November 2010 and 

February 2012, which is possibly attributable to historic Sellafield contamination of the Irish Sea (Cefas, 2011 

and 2012). 

In response to the planned shutdown of the remaining reactor at the Existing Power Station on 30 December 

2015, two additional surveys were carried out in December 2015 to validate the baseline data and again in 

February 2016 to inform non-operational conditions. Physico-chemical data and chemical results reported by 

the laboratory were in line with the data reported during the baseline monitoring programme. As no discernible 

differences were observed between the data reported for the baseline period and during non-operational 

conditions, it is considered that the Existing Power Station was having a minor/undetectable impact on water 

quality in the adjacent water body during operation. 
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On 31 October 2016, an additional water quality survey was carried out within the licensed disposal site 

Holyhead North (IS043), the area identified as the most suitable disposal site to receive the dredged material 

from the Wylfa Newydd Associated Development. Physico-chemical and chemical results reported indicate a 

good chemical status with many concentrations reported below the MRV. 

Phytoplankton 

Overall, there was little difference in phytoplankton abundance and community composition between tidal states 

and monitoring sites along the north Anglesey coast. As expected, changes in phytoplankton abundance and 

community composition were driven by seasonal nutrient and light availability, the timing of the peak in 

phytoplankton abundance being dependent on light and mixing conditions. Diatoms tended to numerically 

dominate the spring phytoplankton peak in abundance, although the prymnesiophyte, Phaeocystis globosa, was 

the most abundant species in May 2010, whilst microflagellates reached very high abundances in April 2012, 

prior to the diatom increase in May 2012. Phytoplankton production was relatively low, most likely as a result of 

the low nutrient levels, a known feature of this area of the Irish Sea. The phytoplankton community composition 

off north Anglesey is considered usual for this part of the Irish Sea. No bloom densities were reached, according 

to WFD classification, throughout the monitoring programme and any harmful/toxic algae present were recorded 

at very low densities and have largely been reported from the Irish Sea since the 1950s. 

Zooplankton 

Results showed no significant differences in zooplankton community composition and abundance between tidal 

states and between the different sites sampled along the north Anglesey coast. Differences identified in the 

zooplankton analysis between months indicated that the zooplankton community is driven predominantly by the 

varying environmental factors that constitute changes in season as well as the timing of the spring 

phytoplankton peaks. Copepoda, which are known to be an important food source for the larval stages of many 

commercial fish species in the Irish Sea, dominated the zooplankton community. 

Overall, the water quality and plankton data are in line with previous studies of the waters off the north coast of 

Anglesey, and as such provide an adequate baseline against which predicted effects of the development can be 

assessed. 
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1. Introduction 

1.1 Overview 

Horizon Nuclear Power Wylfa Limited (Horizon) is planning to develop a new nuclear power station on Anglesey 

as identified in the National Policy Statement for Nuclear Power Generation (EN-6) (Department of Energy and 

Climate Change, 2011).  The Wylfa Newydd Project (the Project) comprises the proposed new nuclear power 

station, including the reactors, associated plant and ancillary structures and features, together with all of the 

development needed to support its delivery, such as highway improvements, worker accommodation and 

specialist training facilities.  The Project will require a number of applications to be made under different 

legislation to different regulators.  As a nationally significant infrastructure project under the Planning Act 2008, 

the construction and operation must be authorised by a Development Consent Order. 

Jacobs UK Limited (Jacobs) was commissioned by Horizon to undertake a full ecological survey programme 

within the vicinity of the proposed new nuclear power station on Anglesey (the Wylfa Newydd Generating 

Station). This work has included the gathering of baseline data to inform the various applications, assessments 

and permits that will be submitted for approval to construct and operate the Wylfa Newydd Generating Station 

and Associated Development1. In addition to the ecological survey programme carried out by Jacobs, 

oceanographic characterization was also undertaken by Titan Enviromental Surveys Ltd. The finding of the 

oceanographic characterization is reported separately in Titan (2012). 

This report details the findings of the water quality and plankton survey programme carried out between 2010 

and 2016 around the north Anglesey coast, within the vicinity of the Power Station Site (the indicative area of 

land and sea within which the majority of the permanent Power Station buildings, plant and structures would be 

situated). In addition, the report also presents the findings of a single water quality survey carried out in October 

2016 within the licensed disposal site Holyhead North (IS043). 

This report uses a number of technical terms and abbreviations. Key terms are capitalised and explained with 

their acronyms within the text. References to legislation are to that legislation as in force at the time of the 

publication of this report. 

1.2 The Wylfa Newydd Project 

The Wylfa Newydd Project includes the Wylfa Newydd Generating Station and Associated Development. The 

Wylfa Newydd Generating Station includes two UK Advanced Boiling Water Reactors to be supplied by Hitachi-

GE Nuclear Energy Ltd, associated plant and ancillary structures and features. In addition to the reactors, 

development on the Power Station Site will include steam turbines, control and service buildings, operational 

plant, radioactive waste storage buildings, ancillary structures, offices and coastal developments. The coastal 

developments will include a Cooling Water System (CWS), two breakwaters, and a Marine Off-Loading Facility 

(MOLF).  A Disposal Site for dredged material would also be required and the proposed location for this is at 

Holyhead North disposal site, approximately 15km from Holyhead Harbour.  

1.3 The Wylfa Newydd Development Area 

The Wylfa Newydd Development Area (the indicative areas of land and sea, including the Power Station Site, 

the Wylfa NPS Site2 and the surrounding areas that would be used for the construction and operation of the 

Power Station) covers an area of approximately 409 ha. It is bounded to the north by the coast and the existing 

Magnox power station (the Existing Power Station). To the east, it is separated from Cemaes by a narrow 

corridor of agricultural land. The A5025 and residential properties define part of the south-east boundary, with a 

                                                      
1   Development needed to support delivery of the Wylfa Newydd Generating Station is referred to as Associated Development. This includes 

highway improvements along the A5025, park and ride facilities for construction workers, Logistics Centre, Temporary Workers’ Accommodation, 
specialist training facilities, Horizon’s Visitor Centre and media briefing facilities. 

2 The site identified on Anglesey by the National Policy Statement for Energy EN-6 (Department of Energy and Climate Change, 2011) as 

potentially suitable for the deployment of a new nuclear power station.  
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small parcel of land spanning the road to the north-east of Tregele. To the south and west, the Wylfa Newydd 

Development Area abuts agricultural land, and to the west, it adjoins the coastal hinterland. 

The Wylfa Newydd Development Area includes the headland south of Mynydd-y-Wylfa candidate local wildlife 

site. There are two designated sites for nature conservation within the Wylfa Newydd Development Area: the 

Tre’r Gof Site of Special Scientific Interest (SSSI) and the Anglesey Terns/Morwenoliaid Ynys Môn Special 

Protection Area. There is also a candidate Special Area of Conservation (cSAC) that has been submitted to the 

European Commission, but not formally adopted (North Anglesey Marine/Gogledd Môn Forol cSAC). The Wylfa 

Newydd Development Area is within 1 km of the Cae Gwyn SSSI, Cemlyn Bay Special Area of Conservation 

(SAC) and SSSI3. 

1.4 Study Aims and Objectives 

The aim of the water quality and plankton surveys was to determine the prevailing environmental conditions and 

collect baseline data to inform the various applications, assessments and permits required to construct and 

operate the Wylfa Newydd Generating Station. 

The objective of the water quality and plankton monitoring programme was to characterise the following within 

the vicinity of the Wylfa Newydd Development Area: 

 baseline water quality conditions; 

 water quality when the Exisiting Power Station is non-operational; and  

 baseline plankton (phytoplankton and zooplankton) data. 

These data provides information on the physical, chemical and biological aspects of the water column as well as 

spatial and temporal variation of plankton throughout a tidal cycle and throughout the year. 

As part of the Environmental Impact Assessment (EIA) and Habitats Regulations Assessment (HRA) the need 

for detailed knowledge of temporal and spatial data on the water quality and plankton has been identified. This 

report presents the findings of work carried out from May 2010 to November 2014. 

1.5 Study Area 

The tidal excursion along the north coast of Anglesey is between 20 km and 25 km to the south-west (ebb) and 

south-east (flood). It was not feasible to survey this entire area and therefore surveys were focused on a central 

study area where potential effects may occur.  The extent of the central study area was defined by professional 

judgement and by the results of preliminary hydrodynamic modelling, which provided an initial indication of the 

dispersion of the cooling water (CW) discharge from the Wylfa Newydd Generating Station.   

The extent of the study area relates to the near-, mid- and far-field zones which are defined by the dominant, 

physical mixing processes of the CW discharge with the ambient waters and are defined in Cooling water 

options for the new generation of nuclear power stations in the UK (Environment Agency (EA), (2010).  

The near-field (NF) zone is determined by the initial momentum and buoyancy of the CW discharge from the 

Existing Power Station, the mid-field (MF) zone by dilution and turbulent mixing by tides and winds, and the far-

field (FF) only by residual currents and weather conditions as buoyancy and temperature differences from 

ambient are negligible (EA, 2010). In reality, these zones are in a constant state of flux caused by prevailing 

tidal and weather conditions; however, a study area of 5 km radius from the Power Station was defined to 

incorporate the three zones. The study area was selected based on early Delft3D modelling of the Existing 

Power Station’s CW discharge and its consequential plume dispersion. Revised Delft3D thermal and 

hydrodynamic modelling undertaken for the latest design of the Wylfa Newydd Generating Station has 

demonstrated the continued validity of the selected sites. 

                                                      
3 Note that the names of designated and conservation sites used throughout the report are consistent with JNCC guidance. 
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Reference (control) sites were selected outside the study area and/or tidal excursion where appropriate, to 

ensure sites were beyond the influence of the Existing Power Station.  Data from reference sites have been 

used where appropriate to provide a comparison to sites within the zone of influence. 
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2. Baseline Data Collection 

The baseline monitoring programme ran from May 2010 to November 2014. An additional survey was carried 

out in December 2015 to validate the baseline data and again in February 2016 to inform non-operational 

conditions. Findings of the latest two surveys are reported separately in Section 4. In addition, in October 2016 

a single survey was carried out around the northwest of Holyhead as part of the characterisation of the marine 

environment around the proposed disposal site at Holyhead North (site code IS043). Findings of this survey are 

reported in Section 5. 

 
The baseline water quality and plankton (zoo- and phytoplankton) surveys were initially carried out monthly from 
May 2010 (Table 2.1) to provide an understanding of temporal trends. The survey programme was reviewed on 
a regular basis, ensuring all requirements of the monitoring work were met. Following reviews of all the data 
gathered, changes to the programme were made (as detailed in each section) i.e. samples were collected over 
12 months for the first two years of the monitoring programme (May 2010 to April 2012) with a reduction in 
sampling effort from May 2012 onwards (see Section 3.2.2). 

Table 2.1 : Water quality and plankton baseline survey dates (from May 2010 to November 2014).  

Survey Dates 

2010 2011 2012 2013 2014 

- 23-Jan 11-Jan - - 

- 16-Feb 26-Feb 19-Feb 19-Feb 

- 15-Mar 21-Mar 19-Mar 26-Mar 

- 12-Apr 02-May* 26-Apr 16-Apr 

12-May 18-May 16-May 04-Jun* 20-May 

15-Jun 15-Jun 12-Jun 18-Jun 10-Jun 

20-Jul 13-Jul 17-Jul 10-Jul 15-Jul 

17-Aug 18-Aug 07-Aug  14-Aug 05-Aug 

21-Sep 20-Sep 19-Sep 11-Sep 02-Sep 

12-Oct 12-Oct 09-Oct 01-Oct - 

14-Nov 15-Nov - - 04-Nov 

14-Dec - - - - 

Due to persistent bad weather conditions, no survey was carried out in December 2011.  

(*) denotes a delay in the survey date into the following month due to persistent bad weather conditions.  

After 2012, no survey was carried out between November and January.  

No plankton samples were collected during 2013. 

During November 2014, only a water quality survey was carried out as part of the annual quarterly programme. 

No survey work was planned in October 2014. 

Generally, samples were collected at different states of tide and at different depths to sample as much water as 

could potentially pass through the CW intake. 

Baseline sampling sites (Table 2.2 and  

Figure 2.1) were targeted as follows: 

 site WQ2 and WQ6 were within NF zone, within approximately 0.5 - 1 km from the Power Station Site;  

 sites WQ7, WQ8 and WQ9 covered an area proximal to the Power Station Site and are considered as 

MF, as is WQ5; 
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 two sites within the FF zone, between 5 and 6 km to the west and east of the Power Station Site and 

within 500 m from shore (sites WQ1 and WQ3); and 

 a reference offshore control site along the ‘central axis’ (line due north of the Power Station Site), 

approximately 4 km offshore (site WQ4). 

Table 2.2 : Target locations of sampling sites.  

Site Zone Target Location 

WQ1 Far Field N 53° 25.710, W 04° 23.362 

WQ2 Near Field N 53° 25.379, W 04° 29.216 

WQ3 Far Field N 53° 24.584, W 04° 33.396 

WQ4 Control Site N 53° 27.287, W 04° 29.358 

WQ5 Mid Field N 53° 26.358, W 04° 29.411 

WQ6 Near Field  N 53° 24.976, W 04° 29.562 

WQ7 Mid Field  N 53° 24.905, W 04° 30.304 

WQ8 Mid Field  N 53° 25.342, W 04° 30.310 

WQ9 Mid Field  N 53° 25.165, W 04° 29.835 

Note: Site WQ6 was included in the monitoring programme from August 2011. Sites WQ7, WQ8 and WQ9 were introduced in February 

2014. 

In addition to the baseline survey programme (reported in Sections 3, 8 and 9), two additional surveys were 

carried out within the vicinity of the existing power station in December 2015 and February 2016 and another 

one around the proposed disposal site at Holyhead North in October 2016. Results from these surveys are 

reported separately in Sections 4 and 5 respectively. 

 



 

 

 

Figure 2.1 : Target locations for water quality and plankton sampling sites during the baseline monitoring programme (May 2010 to November 2014).
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3. Water Quality during the baseline monitoring programme 

3.1 Introduction 

This section presents results of the water quality surveys carried out from May 2010 to November 2014. A total 

of five sites (WQ1 – WQ5) were monitored from May 2010 to July 2011. In August 2011 an extra site (WQ6) 

was incorporated to the programme, to monitor the CW intake proposed location. In February 2014 another 

three sites (WQ7 – WQ9) were incorporated to the programme to increase resolution for the CW intake 

proposed location and to cover the vicinity of the MOLF development. 

3.2 Methods 

The majority of the surveys were carried out on board the local vessel ‘SeeKat C’ operating from Amlwch Port. 

However, due to technical difficulties, availability or the overall baseline monitoring programme, a reduced 

number of surveys were carried out on board of different vessels. All procedures and methods used were 

agreed with relevant stakeholders and statutory regulators (Environment Agency of Wales (EAW) and 

Countryside Council for Wales (CCW), collectively now known as Natural Resources Wales (NRW)).  

Although instrumentation and method remained consistent throughout the monitoring programme, determinands 

analysed and total number of samples collected per site and tide were periodically reviewed and adjusted to 

avoid unnecessary sampling effort and to ensure the baseline programme was covering all necessary 

parameters needed for the final environmental assessment. Changes in the monitoring programme were agreed 

with all parties (including regulatory bodies) and are summarised in Section 3.2.2. 

3.2.1 Determinands 

3.2.1.1 Physico-chemical 

The following physico-chemical parameters were measured in situ vertically at each site: 

 pressure (depth); 

 temperature; 

 salinity (automatically calculated using the UNESCO algorithm (IOC, 2010); 

 dissolved oxygen (DO) (% saturation and concentration); 

 turbidity (measured using the nephelometric technique); 

 chlorophyll in vivo; 

 pH; and 

 oxidation reduction potential (ORP), also referred in the literature as Redox. 

3.2.1.2 Chemical and Biochemical  

Although the number of samples, sites and frequency varied as a result of the monitoring programme reviews, 

the following group of determinands were monitored during the programme at different intervals (see Section 

3.2.2): 

 seawater parameters including pH, alkalinity, bromide, calcium, potassium, sodium and sulphate. The 

last four compounds were monitored in their total and dissolved fraction; 

 total and dissolved organic carbon (TOC and DOC) and total suspended solids (TSS); 

 biological and chemical oxygen demand (BOD and COD); 

 nutrients, including phosphates, silicates, nitrates and nitrites; 

 nitrogen (dissolved organic, inorganic and oxidised, Kjeldahl, ammoniacal and un-ionised ammonia); 
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 total and dissolved metals including arsenic, boron, cadmium, chromium, cobalt, copper, iron, lead, 

manganese, mercury, nickel, selenium, tin, vanadium and zinc;  

 total petroleum hydrocarbons (TPHs); 

 polycyclic aromatic hydrocarbons (PAHs); 

 polychlorinated biphenyls (PCBs); 

 volatile organic compounds (VOCs); 

 phenolic compounds; 

 chlorination by-products (CBPs) including trihalomethanes, haloacetonitriles, halophenols and 

haloacids; 

 anticorrosive agents including hydrazine, ethanolamine and morpholine; and 

 cyanide. 

3.2.1.3 Radioisotopes 

Radioisotope samples were analysed for: 

 radioactivity: total α-radiation and total β-radiation;  

 artificial radionuclides including Americium-241 (
241

Am), Cobalt-60 (
60

Co), Caesium-137 (
137

Cs); and 

 naturally occurring radionuclides including Sulphur-35 (
35

S), Carbon-14 (
14

C), Tritium (
3
H), Actinium-

228 (
228

Ac), Bismuth-212 (
212

Bi), Bismuth-214 (
214

Bi), Potassium-40 (
40

K), Lead-210 (
210

Pb), Lead-212 

(
212

Pb), Lead-214 (
214

Pb), Radium-226 (
226

Ra), Thorium-234 (
234

Th) and Uranium-235 (
235

U). 

3.2.2 Monitoring Programme 

The monitoring programme and sampling regime were reviewed periodically to ensure all parameters needed 

for the environmental assessment were covered. All changes to the monitoring programme were previously 

consulted and agreed with regulators (NRW) and key stakeholders and were based on results, data analysis 

and the most up to date information available at the time. 

Initially all sites included in the monitoring programme were sampled on a monthly basis. From 2012 onwards, 

after agreement with regulators, no survey was carried out between November and January. Five sites (WQ1   

WQ5) were monitored from May 2010 to July 2011. In August 2011, a new site (WQ6) was incorporated in the 

monitoring programme to cover the CW intake proposed location. In 2013 sites WQ1 and WQ3 were dropped 

from the monitoring programme as it was considered that baseline data for these sites were sufficient. In 

February 2014, site WQ5 was also dropped from the monitoring programme, although another three sites (WQ7 

– WQ9) were incorporated to increase the resolution around site WQ6 and to cover the area around the MOLF 

in Porth-y-pistyll (Figure 2.1). From the latter three sites, WQ7 was the only site where a full monitoring 

programme was carried out. Sites WQ8 and WQ9 were only monitored for physico-chemical parameters in the 

vertical water column. 

Physico-chemical parameters (Section 3.2.1) were monitored at all sites visited and at each tidal state (flood 

and ebb) from May 2010 to April 2012, except from November 2011 to January 2012. During these months and 

after April 2012, physico-chemical parameters were monitored only at a single random tidal state. The exception 

to this was at WQ6 where from April 2012 to October 2013 physical parameters were still monitored on both 

tidal states; this was to ensure a better resolution in the most likely location for CW intake. From February 2014 

onward, site WQ6 was monitored on a single random tidal state, however, sites WQ7, WQ8 and WQ9 were 

incorporated in the monitoring programme and monitored for physico-chemical parameters on a monthly basis 

(except in October 2014 when no survey was carried out) to increase the resolution around the preferred 

locations for the CW intake and MOLF. Chlorophyll in vivo and turbidity were monitored from May 2010 to 

October 2012, oxidation-reduction (Redox) potential was incorporated to the physico-chemical parameters in 

February 2013 while all other physico-chemical parameters (see Section 3.2.1) were measured for the duration 

of the monitoring programme. 
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Biochemical determinands (Section 3.2.1.2) (oxygen demand, pH, alkalinity, nutrients, suspended solids, total 

and dissolved organic carbon) were monitored at each tidal state (flood and ebb) from May 2010 to August 

2012, except from November 2011 to January 2012. During these months, they were only monitored at a single 

random tidal state in line with the rationalisation of the plankton monitoring programme during the winter 

months. All biochemical determinands were monitored at all sites from May 2010 to April 2012, but from May to 

August 2012 were only monitored at site WQ6 in order to complete the first full monitoring year at this site. In 

February 2013 all biochemical determinands except suspended solids, total and dissolved organic carbon were 

reincorporated to the monitoring programme, although sites were only monitored at a single random tidal state, 

except at site WQ6 to increase the resolution within the Wylfa Newydd Development Area. In 2014, all sites 

monitored were sampled at a single random tidal state and from March 2014 the sampling frequency was 

reduced to a quarterly basis except at site WQ7 where monthly sampling continued in order to increase 

resolution in the area around the location for the MOLF. Although suspended solids, total and dissolved organic 

carbon were reincorporated to the list of determinands in February 2014, alkalinity and oxygen demand were 

excluded.  

Chemical determinands (Section 3.2.1.2), excluding PAHs, PCBs, VOCs, CBPs and the anticorrosive agents, 

were monitored on a monthly basis at all sites visited from May 2010 to April 2012. From May to August 2012, 

only site WQ6 was monitored in order to complete a full monitoring year. During the first 16 months (May 2010 

to August 2011), all chemical determinands were monitored at both flood and ebb tide. From September 2011 

onward, chemical determinands were monitored only at one random tide, as no significant difference was found 

between tides (see Section 3.3.2). Chemical determinands were not monitored during 2013 as enough data 

were collected in previous years. From February 2014 to November 2014 chemical determinands were 

reintroduced in the monitoring programme in order to validate all data collected in previous years. However, in 

light of results reported in previous years, only the dissolved fraction was monitored (except for mercury). During 

this period, only four sites were monitored (WQ2, WQ4, WQ6 and WQ7) and from April 2014 onward, all 

monitored sites, except WQ7 were monitored on a quarterly basis. The sampling regime at site WQ7 was kept 

on a monthly basis to increase the resolution within the Wylfa Newydd Development Area. 

PAHs, PCBs, VOCs were incorporated to the list of determinands in August 2010. All these organic compounds 

were monitored monthly from August to November 2010. In light of the results reported, monitoring frequency 

was reduced to a quarterly regime. Also in light of the results reported, PAHs, PCBs and VOCs were dropped 

from the monitoring programme in May 2012. In February 2014 all these compounds were reintroduced in the 

monitoring programme in order to validate all data collected in previous years. The sampling frequency, number 

of sites and duration were the same as for the other chemical determinands (see above). 

Anticorrosive agents (hydrazine, ethanolamine and morpholine) were introduced into the list of determinands in 

February 2012, while CBPs were introduced in May 2012. These two groups of determinands were monitored 

on a monthly basis until October 2013. 

Radioisotopes (Section 3.2.1.3) were monitored from July 2010 on a monthly basis until August 2011. Given the 

results reported after the first year (Jacobs, 2011), monitoring frequency was reduced to a quarterly regime from 

August 2011 onwards and was last monitored in February 2012. 

3.2.3 Sampling Methodology 

All physical parameters (Section 3.2.1) were measured in situ using either a YSI 6600v2 or an Idronaut Ocean 

Seven 316 Plus. The YSI sonde was fitted with sensors for non-vented pressure, temperature, conductivity, pH, 

turbidity, optical dissolved oxygen and chlorophyll. The Idronaut sonde was fitted with a non-vented pressure 

sensor, highly accurate temperature and conductivity sensors, highly responsive pH and ORP sensors and a 

pressure-compensated polarographic dissolved oxygen sensor. 

The instrument was laboratory-calibrated for each parameter prior to departing to site and field-calibrated for 

pressure on arrival at site. Pre-survey field quality control (QC) checks were performed and recorded for salinity, 

dissolved oxygen and pH. Post survey QC checks were also performed to confirm that no drift had occurred in 

instrument parameters during the survey, ensuring data quality. 

Each sensor was calibrated using the following standards/methods: 
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 conductivity sensor was calibrated using Atlantic seawater (salinity = 35 ± 2%) traceable to 

International Standards; 

 pH sensor was calibrated using Reagecon
®
 buffered standards, pH 4, pH 7 and pH 10 (3 point 

calibration); 

 DO sensor was calibrated in air (100% of saturation) and pressure compensated when required; 

 turbidity sensor was calibrated using distilled water (0 (Nephelometric Turbidity Units) NTU) and 

Reagecon
®
 turbidity standards of 126 NTU and 1000 NTU (three-point calibration); and 

 chlorophyll sensor was calibrated by performing a one-point calibration with deionised water which 

zeros the relative fluorescence unit (RFU) and the chlorophyll concentration. 

At each sampling site, the survey vessel held position whilst the sonde was lowered through the water column 

at an approximate rate of 10 cm s
-1

 to allow for the response time of all sensors. After March 2011, all sensors 

were interfaced with HYDROpro
TM

. This software records all parameters measured directly to a PC every 

second and georeferences all data using a highly accurate Global Positioning System (GPS) unit. Before March 

2011, all physical parameters were logged directly to the instrument’s internal memory every two seconds and 

positions were recorded using a handheld GPS. 

While vertical profiles were taken, water samples were collected for chemical, biochemical and radioisotope 

analysis (Sections 3.2.1.2 and 3.2.1.3). The sampling method used in all surveys for chemical analysis was the 

commonly used spot (bottle) sampling, followed by extraction and instrumental analysis at the laboratory. This 

methodology is well established and validated. However, it should be noted that spot samples are collected at a 

given location, depth and time, and that the information obtained is unique to the place and time selected 

(Madrid and Zayas, 2007). Biochemical samples were collected using an integrated water sampling technique 

(Lund tube), which allows collection of water samples from across a depth range (surface to 10 m depth). 

Samples for chemical analysis were collected from 1 m below the surface using a sampling can and from 

mid-depth using a Niskin bottle, biochemical samples were collected using a Lund tube and radioisotope 

samples were collected from 1 m below the surface using the sampling can. 

The Lund tube consists of a weighted, open-ended tube which is lowered slowly through the water column. The 

tube is then sealed, capturing an integrated sample of water from the surface to 10 m depth. The water captured 

in the tube was retrieved and homogenised into a container before decanting into sample bottles.  

The Niskin bottle is a device that has stoppers on both ends, which are held in place by springs. It is prepared 

by cocking open both ends of the bottle before being attached to a rope (marked at 1 m intervals) and lowered 

to the desired depth. A small weight, the "messenger", is then attached to the rope and released. The 

messenger on reaching the Niskin bottle triggers the closing mechanism, releasing the two stoppers and 

capturing a sample of the water from the given depth. This allows samples to be taken at a specific depth 

without contamination from water at shallower depths. 

All samples collected were decanted into clean containers, preserved where required, labelled and appropriately 

stored before being sent for analysis at a UKAS accredited laboratory. 

3.2.4 Sample Analysis 

3.2.4.1 Limit of Detection (LoD) and Minimum Reportable Values (MRV) 

Limit of detection (LoD; expressed as a concentration) is derived from the smallest concentration that can be 

detected with a reasonable level of confidence for the given analytical procedure (IUPAC, 1997). 

Minimum Reportable Values (MRV) are minimum concentrations selected for reporting purposes which are 

often higher than the statistically derived method LoD and allow higher confidence that a sample is different 

from a blank sample containing no determinand of interest. MRVs are set by the analysing laboratory and are 

used to provide consistency of reporting as well as an allowance for sample variation. 
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The LoD and MRV are assigned values and are based upon ideal analysis conditions, although some factors 

such as matrix contamination or insufficient volume may result in a rise in MRV due to the need for dilution. 

Also, some analytical techniques applied to saline water require substantial dilution (which may vary between 

samples) to reduce the chloride/saline interference. Dilution factors are incorporated in the MRV, which for 

some techniques can result in a high MRV. 

3.2.4.2 Legislative Standards 

Where applicable, results have been compared to marine Environmental Quality Standards (EQSs). EQS 

values have been derived from The River Basin Districts Typology, Standards and Groundwater threshold 

values (Water Framework Directive (WFD)) (England and Wales) Directions 2010. The 2010 Directions aid the 

implementation of the WFD (2000/60/EC), the Dangerous Substances Directive (2006/11/EC – Codified 

version) and the Priority Substances Directive (2008/105/EC), which lay down EQSs in accordance with the 

provisions and objectives of the WFD. 

The Dangerous Substances Directive, repealed by the WFD in 2013, classifies substances under List I and List 

II. List I substances are those deemed to be particularly dangerous to the environment owing to their toxicity, 

persistence and bioaccumulation. List II substances, while less dangerous, are still considered to have a 

deleterious effect on the aquatic environment. The Priority Substances Directive replaces Annex X of the WFD 

and lays down EQSs for 33 substances (including priority substances and other pollutants).  

Although most of the EQSs stated in this report are the Annual Average EQSs (AA-EQS) for ‘other surface 

waters’, the Maximum Allowable Concentrations EQSs (MAC-EQS) for ‘other surface waters’ have also been 

used when applicable. 

Other relevant legislation considered in this document includes: 

 Shellfish Water Directive (2006/113/EEC), the Surface Waters (Shellfish) (Classification) (Amendment) 

Regulations 2009 (S.I. 2009 No. 1266) and The Surface Waters (Shellfish) Directions 2010; 

 Bathing Water Directive (2006/7/EC) and The Bathing Water Regulations 2013 (S.I. 2013 No. 1675); 

 The Surface Waters (Dangerous Substances) (Classification) Regulations 1997 (S.I. 1997 No. 2560) 

and 1998 (S.I. 1998 No. 389); 

 Department of the Environment Circular 7/89; and 

 QA/QC Directive (2009/90/EC) and the Chemical Analysis of Water Status (Technical specifications) 

Directions 2011. 

The legislative standards detailed above are valid for the baseline monitoring period (May 2010 – November 

2014). However, it should be noted that in Wales The Water Environment (Water Framework Directive) 

(England and Wales) (Amendment) Regulation 2015 (S.I. 2015 No. 1623) and The Water Framework Directive 

(Standards and Classification) Directions (England and Wales) 2015 was adopted on 22 December 2015  

3.3 Results 

3.3.1 Physico-Chemical Parameters 

Some of the available water column vertical profiles can be found in Appendix A. Most of the vertical profiles 

were recorded for each month at all sites, although technical issues with the sonde or weather conditions 

prevented some vertical profiles from being recorded. All issues are summarised below: 

 June 2010: Technical issues with the sonde prevented the recording of any data; 

 February 2011: Due to internal memory shortage, some vertical profiles were not recorded; 

 April 2011: Technical issues with the internal battery prevented recording some of the vertical profiles; 

 September 2011: pH profiles were disregarded due to sensor malfunction during the survey; 
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 December 2011: No vertical profiles are available due to persistent bad weather conditions during this 

month; 

 February 2013: ORP sensor was not installed until later this month (after survey was carried out); 

 March 2013: dissolved oxygen data not available due to a technical problem with the sensor; 

 April 2013: the reference sensor was broken at the beginning of the survey, consequently only 

temperature and salinity were recorded; 

 May and June 2013: due to a technical problem with the internal configuration the pH sensor did not 

record decimal values. Unfortunately, decimal values were displayed while vertical profiles were taken but 

not recorded within the dataset found in the internal memory. All values were recorded as 8 or 9; 

 August 2013: DO and ORP sensors did not pass the internal QA procedure (>20% drift was recorded 

at the end of the survey); 

 April 2014: Technical problems with the internal battery only allowed recording of profiles at site WQ4; 

 May 2014: ORP profiles are not available as the sonde used (YSI6600v2) was not fitted with it an 

ORP sensor; and 

 November 2014: no vertical profile recorded at site WQ7 due to bad weather condition at the time of 

sampling. ORP data not available for any site due to technical problems with the sensor.  

When no data were available for a particular site, limited data (temperature and salinity) were extracted where 

possible from the YSI600XLM sonde used during the plankton surveys. Maximum, minimum and mean values 

recorded for each survey can be found in Appendix B. All data available are summarised below. 

3.3.1.1 Temperature 

Monthly variations of the temperature recorded within the water column during each survey (from May 2010 to 

November 2014) are given in Appendix B, Table B.1 and shown below in Figure 3.1. 

Annual variability recorded in the survey area (north Anglesey) shows the expected pattern with the highest 

temperatures recorded in July or August and the lowest temperatures recorded in January or February. 

However, the lowest temperature recorded during the baseline monitoring programme was found in March 

2013, while the highest temperature was recorded in August 2014. 

Overall, temperature values were found to be stable throughout the water column. The increment or decrement 

found within the water column (between surface and seabed) was generally lower than 0.4ºC and in some 

months even lower than 0.1ºC. This implies a well-mixed water column around the north Anglesey area. 

Although some profiles showed a decrease or increase of around 0.5ºC within the first 1 m, these differences 

are considered due to a slow response time4  of the temperature sensor rather than an actual variation. All 

vertical profiles can be found in Appendix A. 

In general, no seasonal thermal stratification was observed at any site. However, a degree of stratification was 

occasionally observed at some sites. A summary of these observations is listed below: 

 November 2010 at site WQ2; 

 December 2010 at site WQ4; 

 March 2011 at site WQ2; 

 October 2011 at site WQ6; 

 June 2012 at site WQ6; 

 February 2013 at site WQ2; 

                                                      
4   Although generally speaking a temperature sensor has a quick response time, when the sensor is submerged in water, this response time 

increases due to change in the environment (air-water) and big differences in temperature. If not enough time is left for the temperature sensor to 
adjust to the new environment, false readings will take place until the sensor adjusts. 
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 May 2013 at site WQ6; 

 August 2013 at site WQ2; 

 September 2013 at site WQ2; 

 October 2013 at site WQ2; 

 May 2014 at site WQ6; 

 June 2014 at site WQ7; 

 July 2014 at sites WQ6, WQ7, WQ8 and WQ9; 

 August 2014 at site WQ9; and 

 November 2014 at site WQ9. 

Temperature values observed between sites were comparable, and the small differences were most likely due 

to daily temperature variations rather than site specific or tidal variations. 

 

Figure 3.1 : Water temperatures recorded monthly along the north Anglesey coast between May 2010 and November 2014. 

3.3.1.2 Salinity 

Monthly variations for salinity recorded within the water column during each survey, from May 2010 to 

November 2014, are given in Appendix B, Table B.2 and shown below in Figure 3.2. 

Salinity values recorded in the survey area ranged between a minimum of 32.80 in September 2012 and a 

maximum of 35.29 in May 2011. The mean value recorded from May 2010 to November 2014 was 34.29. All 

salinity values recorded throughout the duration of the monitoring programme are in line with the expected 

values for coastal waters (as reported by Turekian (1976)) around the Irish Sea. 
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Generally, salinity values were found to be stable throughout the water column, however, very weak haloclines 

(strong vertical salinity gradient) were observed at different sites and in different months. All values recorded 

indicate a well-mixed water body, however in March and April 2012, signs of water stratification were observed 

at all sites on both ebb and flood tides and at some sites in May 2012, March 2013 and May 2014. All vertical 

profiles can be found in Appendix A. 

 

 

Figure 3.2 : Seawater salinity recorded monthly along the north Anglesey coast between May 2010 and November 2014. 

3.3.1.3 Dissolved Oxygen 

Monthly values of DO (saturation levels and concentrations) recorded during each survey are given in Appendix 

B, Table B.3 and Table B.4 and presented below in Figure 3.3 and Figure 3.4. 

DO saturation levels from May 2010 to November 2014 were considered high, ranging from 90.2%, recorded in 

September 2014, to 121.1%, recorded in October 2013. The mean value recorded from May 2010 to November 

2014 was 100.6%. The DO saturation levels were found to be similar at all sites, however slight variations 

(generally lower than 10%) between sites were sometimes observed, especially in July and October 2013. 

These variations were probably driven by primary production as well as daily water temperature variation, tidal 

currents and other environmental parameters. 

DO concentration observed during the same period ranged from 7.19 mg L
-1

, recorded in September 2014, to 

10.69 mg L
-1

, recorded in May 2013. The mean value recorded from May 2010 to November 2014 was 

8.79 mg L
-1

. These ranges indicate high DO standards according to the directions5 given from the Environment 

Agency in connection with the WFD (2000/60/EC) and other directives. 

                                                      
5  The River Basin Districts Typology, Standards and Groundwater Threshold values (Water Framework Directive) (England and Wales) Directions 

2010, came into force on 4 August 2010. This Direction stabilised high standard for DO  5.7 mg L-1 in transitional and coastal waters with salinity 
normalised to 35. 
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Annual variability recorded in the survey area shows the expected pattern with the highest DO concentrations 

recorded during the winter months, when the water temperature is lower6, and the lowest DO concentrations 

were recorded during the summer months, when the water temperature is higher. 

All vertical profiles can be found in Appendix A. 

 

Figure 3.3 : Dissolved oxygen saturation levels (%) of the water column recorded monthly along north Anglesey coast between 

May 2010 and November 2014. 

 

                                                      
6  Thermodynamically, the solubility of a gas, including oxygen, is inversely dependent on temperature. Therefore, an increase in temperature results 

in a decrease in oxygen (or any other gas) solubility in water, while a decrease in temperature results in an increase of oxygen solubility in water. 
Although this factor may influence DO concentrations it is unlikely to be the sole reason for variation, as other factors including mixing (turbulence) 
are also likely to affect concentrations. 
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Figure 3.4 : Dissolved oxygen concentrations (mg L-1) in the water column recorded monthly along the north Anglesey coast 

between May 2010 and November 2014. 

3.3.1.4 pH 

Monthly values for pH recorded during each survey, from May 2010 to November 2014, are given in Appendix 

B, Table B.5 and presented below in Figure 3.5. 

pH values ranged between 6.94, recorded in June 2011, and 8.46, recorded in July 2013 and June 2014. 

Vertical profiles showed little variation in pH values with depth. pH values recorded each month were 

comparable between sites, except at site WQ1 where during several months the pH recorded was notably 

different (ΔpH=0.3) than at all other sites. 
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Figure 3.5 : Seawater pH values recorded monthly along the north Anglesey coast between May 2010 and November 2014. 

3.3.1.5 Chlorophyll in vivo 

Chlorophyll data obtained with the YSI 6025 sensor should only be used as an indicative measurement and not 

as an exact value. The values of chlorophyll obtained from in vivo fluorescence measurement will always be 

less reliable than determinations made on molecular extraction described in standard methods (YSI, 2006). 

As part of the monitoring programme, Jacobs collected specific samples at each location for pigment analysis. 

Results from these analyses are presented and discussed in Section 5. 

Chlorophyll concentrations were generally higher within 5 m of the water surface (some months within the first 

10 m). Generally, no regular pattern was evident through the vertical column at any site or tidal state. Highest 

values were recorded near the surface in May, July and August 2010, May, June and July 2011 and January 

and May 2012 (Figure 3.6). Higher values are always expected in surface waters between May and September, 

as this period falls within the phytoplankton growing season (from March to October). Chlorophyll values 

reported in January 2012 at site WQ1 on the ebb tide were considerably higher than expected for this month. 

Although no apparent reason has been found, it should be noted that values recorded in vivo are not as reliable 

as results from molecular extraction of chlorophyll-a (chl-a) (YSI, 2006) and therefore should only be used as 

indicative. All vertical profiles available can be found in Appendix A. 

The mean values for each month in the area surveyed were below 10 µg L
-1

, above which, according to the 

WFD phytoplankton multi-metric classification tool kit (SNIFFER, 2008), is the indicator value for chlorophyll 

bloom. Monthly means ranged between 0.20 µg L
-1

 (recorded in December 2010) and 4.17 µg L
-1 

(recorded in 

May 2012). 
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Figure 3.6 : Monthly chlorophyll in vivo concentrations recorded along the north Anglesey coast between May 2010 and 

October 2012. 

3.3.1.6 Turbidity 

Although no particular pattern in turbidity was found at any site or tidal state, vertical profiles showed relatively 

stable values through the water column, with variation generally lower than six NTU in total at each site. There 

were some exceptions recorded in August, November and December 2010, May, June and September 2011 

and August 2012, when variation was higher. Turbidity values were generally higher at the surface or near the 

seabed, which is expected due to water turbulence, suspended solids, organic matter, etc. at the surface and 

sediment resuspension near the seabed. All vertical profiles available can be found in Appendix A. 

Monthly values for turbidity recorded during each survey, from May 2010 to October 2012, are given in 

Appendix B, Table B.7 and presented below in Figure 3.7. Turbidity data for this period varied between 0 NTU 

and 30 NTU, although monthly means for the survey area ranged between 0.8 NTU and 9.9 NTU, with an 

inter-annual mean of 3.5 NTU. 
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Figure 3.7 : Turbidity monthly variation along the north Anglesey coast between May 2010 and October 2012. 

3.3.1.7 Oxidation Reduction Potential (ORP) or Redox 

ORP monitoring began in March 2013 and therefore no data from previous years are available. Monthly values 

for ORP recorded during each survey, from March 2013 to September 2014, are given in Appendix B, Table B.8 

and presented below in Figure 3.8. 

Values recorded from March 2013 to September 2014 ranged from 262.5 mV, recorded in October 2013, to 

464.8 mV, recorded in March 2014. The mean value recorded from March 2013 to September 2014 was 354.9 

mV. These values were in line with those expected in coastal seawater (Cooper, 1937). 

Vertical profiles at all sites showed very little variation with depth. Vertical variations of 10 mV or less were 

recorded at most sites, with higher vertical variation (less than 22 mV) only occasionally recorded at some sites. 

All vertical profiles available can be found in Appendix A. 
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Figure 3.8 : ORP monthly variation along the north Anglesey coast between May 2010 and October 2012. 

3.3.2 Laboratory Analysis Results 

Even though weak stratification was found occasionally throughout the surveyed area, most temperature and 

salinity vertical profiles (see Sections 3.3.1.1 and 3.3.1.2) recorded between May 2010 and November 2014 

indicated a very well-mixed water body. Therefore, it is acceptable to consider all the surveyed sites as part of 

one single water body. Consequently, despite the limitations of the spot sampling technique (see Section 3.2.3), 

monthly concentrations in this water body can be estimated as the arithmetic mean of all sites and depth sample 

concentrations from the corresponding calendar month. To further corroborate this assumption, a statistical 

analysis was run using all available results reported during the first 12 months (May 2010 – April 2011). The 

statistical analysis results (Appendix C) showed no significant differences between sites, depths or tides and 

therefore the assumption of one single water body within the survey area was considered sound.  

The above approach does have an implicit limitation; the direct dependence on the number of samples collected 

each month. Due to the changes in the monitoring programme (see Section 3.2.2), the number of samples 

collected each month varied and therefore the monthly concentration calculated for some months might not fully 

reflect the concentration expected for the survey area as a whole. For instance, monthly concentrations 

calculated for the water body could have been based on 24 samples or only one sample (depending on the 

month collected). The total number of samples collected and used for each month was as follows: 

 from May 2010 to July 2011 the monthly concentrations calculated for the water body were based on 

20 samples; 

 in August 2011 the monthly concentrations calculated for the water body were based on 24 samples; 

 from September 2011 to April 2012 the monthly concentrations calculated for the water body were 

based on 12 samples; 

 from May 2012 to August 2012 the monthly concentrations calculated for the water body were based 

on two or 12 samples, depending on the determinand; 
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 in September and October 2012 the monthly concentrations calculated for the water body were based 

on 12 samples; 

 from February 2013 to October 2013 the monthly concentrations calculated for the water body were 

based on four or five samples, depending on the determinand; and 

 from February 2014 to November 2014 the monthly concentrations calculated for the water body were 

based on one or four samples depending on the month (quarterly sampling adopted at some sites). 

The arithmetic means were calculated using all concentrations available from each calendar month and 

following the QA/QC Directive (2009/90/EC) and Directions 2011. This Directive states that when chemicals in a 

given sample are below the limit of quantification, the measurement results shall be set to half of the value of 

the limit of quantification as an equivalent to mean values. If the value of the measured results is below the 

limits of quantification, the value shall be referred to as “less than limit of quantification”. 

All arithmetic means calculated for each compound as well as the annual average can be found in Appendix D 

and are summarised below. There are no data available for some determinands in October 2010 (nutrients and 

biochemical determinands) due to some samples being lost in transit to the laboratory. Also, in December 2011 

no survey was carried out due to persistent bad weather conditions. 

3.3.2.1 Physico-Chemical determinands 

3.3.2.1.1 pH 

Monthly average pH values reported from May 2010 to November 2014 ranged between 7.27 (May 2014) and 

8.42 (June 2014). Annual averages were reported as follows: 

 8.07 (May 2010 to December 2010); 

 8.04 (January 2011 to November 2011); 

 8.04 (January 2012 to August 2012); 

 8.03 (February 2013 to October 2013); and 

 8.12 (February 2014 to November 2014). 

All values recorded were within the range expected for coastal waters and within the guideline values for the 

Shellfish Waters Directive (2006/113/EC) of pH 7.0 to 9.0. All monthly means and annual averages can be 

found in Appendix D, Table D.1. 

3.3.2.1.2 Alkalinity 

Monthly average alkalinity measured to pH 4.5 as CaCO3 from May 2010 to October 2013 ranged between 

71.5 mg L
-1

 (September 2010) and 78.6 mg L
-1

 (June 2013). Alkalinity was not monitored during 2014. The 

annual averages were consistent throughout the monitoring programme and they were reported as follows: 

 73.3 mg L
-1

 (May 2010 to December 2010); 

 74.8 mg L
-1

 (January 2011 to November 2011); 

 75.0 mg L
-1

 (January 2012 to August 2012); and 

 74.8 mg L
-1

 (February 2013 to October 2013). 

The inter-annual average alkalinity from May 2010 to October 2013 was 74.6 mg L
-1

. Monthly and annual 

average results for alkalinity can be found in Appendix D, Table D.1. Alkalinity data are not available for 

samples collected in October 2010 (samples lost in transit to the laboratory). 

3.3.2.1.3 Oxygen demand (BOD and COD) 

Biological oxygen demand (BOD) average values for each month from May 2010 to October 2013 were lower 

than 2.9 mg L
-1

. BOD was not monitored during 2014. The MRV was set as 2.90 mg L
-1

 from May 2010 to May 
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2011, except in June and July 2010 where MRV was set as 1.00 mg L
-1

. From June 2011 onwards, the MRV 

was again set as 1.00 mg L
-1

 (more information about MRV can be found in Section 3.2.4). Annual averages 

were reported as follows: 

 <2.90 mg L
-1

 (May 2010 to December 2010); 

 1.45 mg L
-1

 (January 2011 to November 2011)7 ; 

 1.67 mg L
-1

 (January 2012 to August 2012); and 

 <1.00 mg L
-1

 (February 2013 to October 2013). 

Monthly average chemical oxygen demand (COD) was reported as being below the MRV (300, 500 or 600 

mg L
-1

) each month except in May 2010, when the mean value was reported as 745.6 mg L
-1

. MRV values for 

COD varied each month depending on the dilution level needed (see Section 3.2.4). Annual averages for COD 

were found below MRV each year. COD was not monitored during 2014. All data available for BOD and COD 

can be found in Appendix D, Table D.1. BOD or COD data are not available for samples collected in October 

2010 (samples lost in transit to the laboratory). 

3.3.2.1.4 Organic Carbon (TOC and DOC) 

Monthly average total organic carbon (TOC) values ranged between <1.0 mg L
-1

 (several months) to 

20.95 mg L
-1

 (March 2011). In July 2014, TOC was reported as 55 mg L
-1

 (based on one sample only). 

However, the laboratory has confirmed that the elevated value might have been a consequence of matrix 

contamination/interference. As a result, the value was not used to calculate the corresponding annual average. 

TOC was not monitored during 2013. All other annual averages were reported as follows: 

 1.25 mg L
-1

 (May 2010 to December 2010); 

 4.47 mg L
-1

 (January 2011 to November 2011); 

 1.26 mg L
-1

 (January 2012 to August 2012); and 

 1.28 mg L
-1

 (February 2014 to November 2014). 

Monthly average dissolved organic carbon (DOC) values ranged between 0.56 mg L
-1

 (March 2014) to 6.02 

mg L
-1

 (June 2014). DOC was not monitored during 2013. All other annual averages were reported as follows: 

 1.39 mg L
-1

 (May 2010 to December 2010); 

 1.30 mg L
-1

 (January 2011 to November 2011); 

 1.23 mg L
-1

 (January 2012 to August 2012); and 

 1.40 mg L
-1

 (February 2014 to November 2014).  

All monthly and annual averages can be found in Appendix D, Table D.1. 

3.3.2.1.5 Total Suspended Solids (TSS) 

Monthly average TSS concentrations varied from 3.2 mg L
-1

 (April 2011) to 21.6 mg L
-1

 (March 2014). TSS was 

not monitored during 2013. All other annual averages were reported as follows: 

 6.4 mg L
-1

 (May 2010 to December 2010); 

 6.1 mg L
-1

 (January 2011 to November 2011); 

 7.1 mg L
-1

 (January 2012 to August 2012); and 

 13.0 mg L
-1

 (February 2014 to November 2014).  

All monthly and annual average results can be found in Appendix D, Table D.1. 

                                                      
7  From January to May 2011 the MRV was set at 2.90 mg L-1, while from June to November 2011 the MRV was lowered to 1.00 mg L-1.Thefore the 

annual average calculated could also be set as <2.90 mg L-1. 
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3.3.2.2 Cations and Anions 

All concentrations measured were reported within the expected values for coastal waters and with no significant 

variations throughout the monitoring programme. Annual averages are presented in Table 3.1. Cations and 

anions were not monitored during 2013 and only the dissolved fractions were monitored in 2014.  All monthly 

averages and annual averages can be found in Appendix D, Table D.2. 

Table 3.1 : Cation and anion annual average concentrations. Monitoring years are defined in Section 2. 

Compound Units 2010 2011 2012 2014 

Bromide mg L
-1
 66.1 68.2 68.3 64.5 

Calcium Total mg L
-1
 399 403 413 - 

Dissolved mg L
-1
 392 404 414 409 

Potassium Total mg L
-1
 374 377 368 - 

Dissolved mg L
-1
 372 377 363 389 

Sodium Total mg L
-1
 10128 10481 10466 - 

Dissolved mg L
-1
 10178 10478 10372 9929 

Sulphate as 

(SO4) 

Total mg L
-1
 2548 2623 2659 - 

Dissolved mg L
-1
 2565 2637 2626 2535 

3.3.2.3 Nutrients 

Nutrient concentrations were determined for each month collected, except October 2010 when the samples 

were lost in transit to the laboratory. All monthly and annual averages can be found in Appendix D, Table D.3. 

Monthly average concentrations for nitrogen (as N) were reported between 0.136 mg L
-1

 (June 2011 and July 

2011) and 0.371 mg L
-1

 (July 2014), except in October 2011 where the average concentration was reported as 

below MRV (0.1 mg L
-1

). Nitrogen (as N) was not reported in 2013. All other annual averages were reported as 

follows: 

 0.126 mg L
-1

 (May 2010 to December 2010); 

 0.170 mg L
-1

 (January 2011 to November 2011); 

 0.195 mg L
-1

 (January 2012 to August 2012); and 

 0.256 mg L
-1

 (February 2014 to November 2014). 

Nitrogen oxidised (dissolved and total) monthly average concentrations were consistently reported as below 

MRV (0.1 mg L
-1

 and 0.2 mg L
-1

¸respectively) with some exceptions (December 2010, January and February 

2011, February and March 2012, March 2013, February, March and April 2014 for the dissolved fraction and 

September 2011, January, February and March 2012 for the total fraction). The total fraction was not monitored 

in 2013 and 2014. Annual averages remained below MRV each year. 

Nitrogen Kjeldahl (which is calculated from nitrogen total as N and nitrogen total oxidised) was reported as 

<1.00 mg L
-1

 each month, from May 2010 to August 2012 and from February 2014 to November 2014. Nitrogen 

Kjeldahl was not monitored in 2013. 

Monthly averages for ammoniacal nitrogen (as N) for both the total and dissolved fraction, were mostly reported 

as below MRV (<0.01 mg L
-1

 or <0.02 mg L
-1

, respectively). Dissolved ammoniacal nitrogen was monitored from 

May 2010 to November 2014, while total ammoniacal nitrogen was only monitored from May 2010 to August 

2012. The monthly averages for the dissolved fraction reported above MRV ranged from 0.011 mg L
-1

 to 0.076 

mg L
-1

, while the monthly averages reported above MRV for the total fraction ranged between 0.013 mg L
-1

 and 

0.021 mg L
-1

. Annual averages for ammoniacal nitrogen (dissolved and total) were calculated as below MRV 

each year. 
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Un-ionised ammonia concentrations (calculated from temperature, pH and ammoniacal nitrogen) remained well 

below the relevant EQS of 21 g L
-1

 each month with monthly average values calculated between <0.231 g L
-1

 

and 2.330
 
g L

-1
. Annual average concentrations for un-ionised ammonia were reported as follows: 

 <0.476 g L
-1

 (May 2010 to December 2010); 

 <0.504 g L
-1

 (January 2011 to December 2011); 

 <0.435 g L
-1

 (January 2012 to August 2012); 

 <0.472 g L
-1

 (February 2013 to October 2013); and 

 <0.958 g L
-1

 (February 2014 to November 2014).  

Monthly average concentrations for total organic nitrogen (calculated from total nitrogen as N, total nitrogen 

oxidised and ammoniacal nitrogen) were reported between <0.924 mg L
-1

 and <0.990 mg L
-1

. Values from 

February 2013 to October 2013 were not reported as total nitrogen was not monitored during the quoted period. 

All other annual averages were calculated as follows: 

 <0.986 mg L
-1

 (May 2010 to December 2010); 

 <0.985 mg L
-1

 (January 2011 to December 2011); 

 <0.980 mg L
-1

 (January 2012 to August 2012); and 

 <0.973 mg L
-1

 (February 2014 to November 2014). 

Monthly average concentrations for nitrogen inorganic (calculated from nitrogen, total oxidised and ammoniacal 

nitrogen) were reported between <0.120 mg L
-1

 and <0.221 mg L
-1

. The range of this variation is due to changes 

in the MRV value for nitrogen total oxidised, from 0.2 mg L
-1

 (from May 2010 to August 2011) to 0.1 mg L
-1

 from 

September 2011 onward. Annual averages for nitrogen inorganic were calculated as <0.210 mg L
-1

 for 2010 and 

2011, and <0.120 mg L
-1

 from 2012 to 2014. 

Nitrite concentrations (monthly averages) ranged between <0.004 mg L
-1

 (MRV) and 0.0148 mg L
-1

 (reported in 

October 2011). Annual averages for this compound were reported as follows: 

 0.0046 mg L
-1

 (May 2010 to December 2010); 

 0.0050 mg L
-1

 (January 2011 to December 2011); 

 <0.004 mg L
-1

 (January 2012 to August 2012); 

 <0.004 mg L
-1

 (February 2013 to October 2013); and 

 0.0061 mg L
-1

 (February 2014 to November 2014). 

Monthly average nitrate concentrations (calculated from nitrite and nitrogen, total oxidised) ranged from <0.085 

mg L
-1

 to 0.138 mg L
-1

. Annual averages remained as <0.10 mg L
-1

 each year. 

Orthophosphate (also known as soluble reactive phosphorus) monthly average concentrations ranged between 

<0.010 mg L
-1

 (July and September 2014) and 0.032 mg L
-1

 (February 2012). Annual averages were reported as 

follows: 

 0.020 mg L
-1

 (May 2010 to December 2010); 

 0.021 mg L
-1

 (January 2011 to December 2011); 

 0.021 mg L
-1

 (January 2012 to August 2012); 

 0.019 mg L
-1

 (February 2013 to October 2013), and 

 0.015 mg L
-1

 (February 2014 to November 2014). 

Monthly average silicate concentrations ranged from <0.200 mg L
-1

 (several months) to 0.450 mg L
-1

 (in 

February 2014) with annual averages reported as <0.200 mg L
-1

 (from 2010 to 2013) and 0.243 mg L
-1

 in 2014. 
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3.3.2.4 Metals 

Metals and heavy metals are found throughout the marine environment both as a result of natural background 

level and anthropogenic input. Monthly (or seasonal) differences in these concentrations are normally expected 

as environmental conditions (temperature, salinity, light, etc.) change through the year. It should be noted that 

monthly variation does not follow any particular pattern (Appendix C). All metal samples were analysed for both 

dissolved and total fraction from May 2010 to August 2012. Metals were not monitored in 2013, and they were 

reintroduced in the list of determinands in February 2014, however, only the dissolved fractions were monitored 

in 2014. All arithmetic means calculated for each month and the annual averages can be found in Appendix D., 

Table D.4. 

All metals (except mercury in October 2010) were consistently reported as below their relevant EQS. Monthly, 

as well as annual average concentrations for boron, nickel, copper, zinc, arsenic and lead were all found to 

range within the expected values for coastal water (Turekian, 1976). Vanadium, manganese, cobalt, selenium 

and tin were consistently reported as below the MRV. Most of the concentrations reported for chromium, iron, 

cadmium and mercury were found below MRV, however some exceptions were reported. 

Mercury concentration (only the total fraction) was recorded above the relevant EQS (EQS-MAC = 0.07g L
-1

) in 

October 2010 (monthly average = 0.091 µg L
-1

). The annual average for the first year (May 2010 to April 2011) 

was found below the relevant EQS8. 

Chromium was reported above the MRV in December 2010 (6.81 µg L
-1

 for the dissolved fraction and 

1.23 µg L
-1

 for the total fraction), May 2011 (0.66 µg L
-1

 for the total fraction), September 2011 (3.75 µg L
-1

 for 

the dissolved fraction and 3.89 µg L
-1

 for the total fraction) and February 2012 (0.62 µg L
-1

 for the total fraction). 

In December 2010, extremely high concentrations were reported at site WQ1 (116 µg L
-1

 for the dissolved 

fraction and 19.8 µg L
-1

 for the total fraction). Also, during this survey, a high concentration was reported at site 

WQ3 (12.4 µg L
-1

 for the dissolved fraction only). The fact that the highest concentrations were reported only for 

the dissolved fraction but not for the total fraction implies a likely cross-contamination from the preservatives 

used to fix the mercury samples (potassium dichromate and nitric acid). 

Cadmium was only recorded above the MRV (0.04 µg L
-1

) in September 2011 (0.078 µg L
-1

 for the dissolved 

fraction and 0.06 µg L
-1

 for the total fraction) and November 2011 (0.085 µg L
-1

 for the dissolved fraction and 

0.09 µg L
-1

 for the total fraction). In September 2011, cadmium was reported in most samples collected, while in 

November 2011, it was only reported in a few samples. Annual averages for both fractions (total and dissolved) 

remained below MRV. 

Iron was only monitored in 2014 and all monthly values were reported below the MRV, except in February 

(215 µg L
-1

) and May (271 µg L
-1

), with both values well below the EQS (1000 µg L
-1

). 

3.3.2.5 Organic compounds 

3.3.2.5.1 Total Petroleum Hydrocarbons 

All arithmetic monthly means for total petroleum hydrocarbons (TPH) were consistently found to be below the 

MRV (0.2 mg L
-1

). TPHs were not monitored in 2013. Monthly and annual averages can be found in Appendix D, 

Table D.5. 

3.3.2.5.2 Polycyclic Aromatic Hydrocarbons and Polychlorinated Biphenyls 

Concentrations of all polycyclic aromatic hydrocarbons (PAHs) and polychlorinated biphenyls (PCBs) measured 

were always found to be below the MRV (0.001 µg L
-1

, 0.002 µg L
-1

 or 0.01 µg L
-1

 depending on the compound). 

PAHs and PCBs data were collected monthly from August 2010 to November 2010. In light of the results found 

during these four months (below MRV), the monitoring frequency for these compounds was reduced to a 

quarterly basis until May 2012. PAHs and PCBs were not monitored again until February 2014, when they were 

                                                      
8  Although according to The River Basin Districts Typology, Standards and Groundwater Threshold values (Water Framework Directive) (England 

and Wales) Directions 2010, from August 2010 mercury EQS should be calculated from biota samples (20 g kg-1 of prey tissue), the AA-EQS of 

0.05 g L-1 can still be used to assess compliance in the long term.  
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reintroduced in the monitoring programme and monitored monthly until November 2014 (see Section 3.2.2). All 

arithmetic means calculated for PAHs and PCBs as well as annual averages can be found in Appendix D, Table 

D.5. 

3.3.2.5.3 Volatile Organic Compounds 

Although some compounds (toluene, bromoform, ethylbenzene, dimethylbenzene, 1,3-dichloropropene and di-

2-ethylhexyl phthalate) were occasionally reported marginally over the MRV, VOCs were generally found below 

MRV. All annual averages were reported as below MRV.  

Data for VOCs were recorded monthly from August to November 2010. In light of the results (below MRV), the 

monitoring frequency was reduced to a quarterly basis until May 2012. VOCs were not monitored again until 

February 2014, when they were reintroduced and monitored monthly until November 2014 (see Section 3.2.2). 

Fifteen new compounds, including di-2-ethylhexyl phthalate (DEHP), were introduced to the list of determinands 

in 2014. All arithmetic monthly means calculated for each VOC as well as annual averages are given in 

Appendix D, Table D.6. 

3.3.2.5.4 Phenols 

Although the majority of phenolic compounds were reported as below the MRV in all samples, 2-methylphenol, 

4-methylphenol and 4-chloro-3-methylphenol were occasionally reported marginally above the MRV. All 

arithmetic means and annual averages calculated for each phenol compound can be found in Appendix D, 

Table D.7. Phenols were not monitored in 2013. 

2-methylphenol and 4-methylphenol are widely occurring natural and manufactured compounds, while 

4-chloro-3-methylphenol is an antiseptic manufactured compound. Monthly averages for 2-methylphenol and 

4-methylphenol remained below their MRV (0.02 µg L
-1

), except in January 2011, where the mean concentration 

of 4 methylphenol was reported as 0.48 µg L
-1

 (well below the relevant EQS) and June 2011, where the mean 

concentration of 2-methylphenol was reported as 0.064 µg L
-1

 (also well below the relevant EQS). 

4-chloro-3-methylphenol was frequently reported between May 2011 and April 2012. The maximum monthly 

average reported during that period was 0.231 µg L
-1

, well below the EQS (40 µg L
-1

). 

Phenol was detected in most samples. Nevertheless, monthly average concentrations (between <0.05 µg L
-1

 

and 0.27 µg L
-1

) remained well below the relevant EQS (7.7 µg L
-1

). 

3.3.2.5.5 Chlorination By-Products (CBPs) 

Four groups (trihalomethanes, haloacetonitriles, halophenols and haloacids) have been monitored on a monthly 

basis from May 2012 to October 2013. Monthly averages and the annual average for each compound can be 

found in Appendix D, Table D.8. 

All haloacetonitrile and halophenol compounds analysed were reported as below the LoD (1 ng L
-1

). Also, 

dibromochloromethane, monobromoacetic acid, dichloroacetic acid, bromate, 2-bromocyclohexanol and 1,2-

dibromocyclohexanol were consistently found below the same LoD (see Table D.8, Appendix D). 

Monthly average concentrations reported for bromoform, chloroform, bromodichloromethane, dibromoacetic 

acid, bromochloroacetic acid and monochloroacetic acid were found above the LoD. The range of values 

reported for these compounds were as follows: 

 bromoform: 3.7 ng L
-1

 – 24.0 ng L
-1

;  

 chloroform: 2.3 ng L
-1

 – 41.3 ng L
-1

; 

 bromodichloromethane: 1.9 ng L
-1

 – 9.6 ng L
-1

; 

 dibromoacetic acid: 2.0 ng L
-1

 – 23.0 ng L
-1

;  

 bromochloroacetic acid: <1.0 ng L
-1

 – 8.9 ng L
-1

; and  

 monochloroacetic acid: 1.8 ng L
-1

 – 24.3 ng L
-1

. 
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Values reported for these compounds were considered low in comparison with levels reported around other 

power station outfalls. For example, according to Jenner, et al., (1997) and BEEMS, (2011), the mean 

bromoform concentration found in effluents of 10 different coastal power stations (in the UK, France and the 

Netherlands) was 16.32 ± 2.10 µg L
-1

 (16320 ± 2100 ng L
-1

). Also, the mean concentration reported for 

dibromoacetonitrile (second highest concentration reported by Jenner, et al., (1997)) was 1.48 ± 0.58 µg L
-1

 

(1480 ± 580 ng L
-1

) while this compound was consistently reported as below LoD from May 2012 to October 

2013. 

3.3.2.6 Anticorrosive 

Three anticorrosive compounds (hydrazine, ethanolamine and morpholine) were monitored on a monthly basis 

from February 2012 to October 2013, and they were consistently reported as below the LoD (0.1 µg L
-1

). All 

monthly averages and the annual averages can be found in Appendix D, Table D.8. 

3.3.2.7 Cyanide 

Cyanide was only monitored from February to November 2014. All results were reported below their MRV (0.5 

mg L
-1

 for total cyanide as CN and 0.005 mg L
-1

 for free cyanide as CN). 

3.3.2.8 Radioisotopes 

The majority of the individual radioisotopes analysed between July 2010 and February 2012 were reported 

below the LoD for both the particulate and the filtered fractions. The LoD value varies between samples and for 

gamma data was calculated as defined by Currie (1968) and Gilmore & Hemingway (1995). For other 

radiochemical analyses, LoD was calculated as defined by Currie (1968). 

Caesium-137 (
137

Cs) was the only artificial radionuclide occasionally reported above LoD. The other two artificial 

radionuclides monitored, (Americium-241 (
241

Am) and Cobalt-60 (
60

Co)) were consistently reported below LoD. 

Positive results (above LoD) for 
137

Cs were reported as follows: 

 Filtrate fraction (LoD reported between 0.0008 and 0.0020 Bq mL
-1

): 

- November 2010: one out of 10 samples reported as 0.0012 Bq mL
-1

. All other samples reported as 

below LoD.  

- January 2011: six out of 10 samples reported between 0.00068 and 0.00600 Bq mL
-1

. All other 

samples reported as below LoD. 

- February 2011: one out of 10 samples reported as 0.0012 Bq mL
-1

. All other samples reported as 

below LoD. 

- November 2011: one out of six samples reported as 0.0006 Bq mL
-1

. All other samples reported as 

below LoD. 

 Particulate fraction (LoD reported between 0.00003 and 0.0008 Bq mL
-1

): 

- February 2011: two out of 10 samples reported as 0.000021 and 0.000026 Bq mL
-1

. All other samples 

reported as below LoD. 

- February 2012: one out of 10 samples reported as 0.00002 Bq mL
-1

. All other samples reported as 

below LoD. 

3
H, 

14
C, 

35
S, 

212
Bi, 

40
K, 

212
Pb and 

214
Pb were also occasionally reported, however, it must be noted that these are 

naturally occurring radionuclides and therefore concentrations reported might have been a combined effect 

between natural (background concentrations) and anthropogenic activities. 

α and β radiation were analysed monthly between July 2010 and August 2011. In light of the results reported, 

monitoring frequency was reduced to a quarterly basis after August 2011 and stopped after February 2012. 

α radiation was reported as below LoD for the majority of samples, with very few exceptions (one sample in July 

2010, three samples in October 2010, one sample in January 2011 and two samples in February 2012). α 
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radiation reported in these samples was marginally above LoD, with monthly averages constantly reported as 

below LoD. 

Levels of β radiation reported in most samples (Figure 3.9) are comparable to the data reported by the 

Environment Agency and Food Standards Agency in their annual Radioactivity in Food and the Environment 

(RIFE) reports9.  High levels of radiation were reported in a few samples collected in November 2010 and 

February 2012, with monthly averages (28.3 Bq L
-1

 and 27.3 Bq L
-1

 respectively) above the average value 

reported by the Environment Agency between 2000 and 2011 (10.4 Bq L
-1

at Cemaes Bay; 13.9 Bq L
-1

 at 

Cemlyn Bay). Nonetheless, annual averages for 2010 and 2011 were reported at similar levels to data reported 

in the RIFE-16 and RIFE-17 report (Cefas, 2011 and 2012). All data available for β radiation around Wylfa Head 

are presented in Figure 3.10. 

 

Figure 3.9 : β-radiation levels detected in individual samples (triangles), monthly mean values (circles) and number of samples 

analysed between July 2010 and February 2012. All samples collected by Jacobs during the monthly WQ surveys. 

 

                                                      
9  RIFE data from 2000 to 2009 were provided by the Environment Agency, while data for 2010 and 2011 were extracted from the annual reports 

RIFE-16 and RIFE-17 (Cefas, 2011 and 2012) 
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Figure 3.10 : Gross β-radiation detected in water samples collected from the sea around Wylfa Head. RIFE data were collected 

twice a year. All data collected by Jacobs have been annually averaged. It must be noted that in 2012 radiation was analysed in 

February only, therefore data reported for 2012 do not represent the annual average. 

3.4 Discussion 

All physico-chemical data recorded from May 2010 to November 2014, including vertical water column profiles, 

indicated no evidence of a permanent thermocline, halocline or seasonal stratification of the water body along 

the north Anglesey coast. Although all values recorded indicate a well-mixed water body, a weak thermal 

stratification and a very weak halocline were occasionally observed at different sites. 

In some surveys, temperatures above ambient were observed at sites WQ2, WQ6 and WQ7 (see vertical 

profiles in Appendix A). Also, it must be noted that most of the weak thermal stratifications occasionally 

observed were found at these sites. These thermal anomalies are suspected to have been a localised 

short-term effect from the existing CW discharge as they were not observed at any other sites or commonly 

observed at these sites.  

Due to similarity between sites in physico-chemical properties within the water column (temperature and salinity 

vertical profiles) and to the absence of permanent stratification within the area monitored, for data analysis 

purposes, the survey area was considered as one single water body. Monthly concentrations for this water body 

were calculated as the arithmetic mean of all samples collected in that month. Even though this is a valid 

approach, it has an implicit limitation, the direct dependence on the number of samples collected each month. 
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Therefore, due to the change in number of samples collected from year to year, the monthly concentration 

calculated for some months might have not fully reflected the mean concentration expected for the survey area 

as a whole. For instance, monthly concentrations (for some determinands or some months) calculated for the 

water body could have been based on a different number of samples (see Section 3.3.2 for more details). 

Dissolved oxygen data recorded each month indicated high dissolved oxygen standards according to the WFD 

classification. All vertical profiles followed the same pattern: high dissolved oxygen at surface and a decreasing 

level of saturation with depth. In some months the highest levels of saturation were found at approximately 

5 - 10 m depth. This was probably owing to the phytoplankton maximum abundance being located at that depth 

rather than the surface, and possibly excess primary production at these depths. Dissolved oxygen 

concentrations were higher during the winter months, when the water temperature is lower. 

TSS reported by the laboratory and turbidity data collected with the multiparameter sonde indicated clear water 

between May 2010 and August 2012 (TSS <10 mg L
-1

) along the north Anglesey coast and intermediate turbid 

in 2014 (between February and May, and during November). TSS annual averages were 4.6 to 7.0 mg L
-1

 

between 2010 and 2012, and 13.0 mg L
-1

 in 2014. TSS was not monitored in 2013. Monthly averages for 

turbidity were always recorded below 10 NTU (between May 2010 and October 2012). Turbidity was not 

monitored after October 2012. 

Average concentrations of dissolved inorganic nitrogen (calculated from dissolved oxidised nitrogen and 

ammoniacal nitrogen) between November and February inclusive indicated high dissolved inorganic nitrogen 

standard (<12 µmoles L
-1

) under the WFD classification in 2010-11 and 2011-12. From 2012 onwards no survey 

was carried out between November and January, therefore dissolved inorganic nitrogen standard for 

2012 - 2013 or 2013 - 2014 cannot be inferred. 

The water body along the north Anglesey coast had good chemical status between May 2010 and November 

2014. The good chemical status is based on annual average, monthly averages and maximum concentrations 

reported for priority substances, specific and other pollutants covered under the WFD and Priority Substance 

Directive. 

All physico-chemical parameters, including cations and anions, analysed by the laboratory were reported at 

expected concentrations, with values typical of seawater. Nutrient concentrations were found to be low and at 

comparable concentrations throughout the duration of the baseline monitoring programme. These data indicated 

no nutrient enrichment in the area surveyed. The majority of organic compounds (TPHs and PAHs, PCBs, 

VOCs, phenols and CBPs) analysed were reported as below their MRV or LoD and compounds with levels 

above this value were found in very low concentrations (close to MRV or LoD). Most metals analysed at the 

laboratory were reported at low levels with some below MRV. 

No AA-EQSs were exceeded during the baseline monitoring programme. Mercury was the only substance 

exceeding the MAC-EQS during 2010. The average concentration reported in October 2010 was 0.091 µg L
-1

 

(MAC-EQS = 0.07 µg L
-1

). It should be noted that the statutory mercury EQS in England and Wales has been 

set as 20 µg kg
-1

 of prey tissue (calculated from biota samples) and is not based on levels in water.  

Similarly, when comparing all baseline survey results reported between May 2010 and November 2014 with the 

AA-EQS and MAC-EQS adopted in 22 December 2015, no AA-EQSs were exceeded and the only exceedance 

to the MAC-EQSs was mercury in October 2010. 

NRW routinely monitored the water quality in North Anglesey as part of their coastal water monitoring 

programme. The only sampling point available in the area is Middle Mouse (sampling point code 25487 and 

National baseline site number 163), situated approximately 2 km offshore from Llanbadrig, north coast of 

Anglesey. The chemical data provided by NRW for this site (from January 1998 to April 2012) show a similar 

correlation when compared with the equivalent data obtained during these baseline surveys, with many 

concentrations reported as less than the MRV or marginally above this value. 

In addition, the water temperatures recorded in the survey area throughout the baseline monitoring programme 

were compared with long-term data available from Cefas. Cefas had three temperature loggers moored in north 

Anglesey between 1966 and 2008 at different locations; one at Wylfa head, one in Amlwch (approximately 10.5 
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km east from the proposed power station) and one in Moelfre (east Anglesey, approximately 8.5 km south from 

the north Anglesey coastline). Water temperature monthly variations recorded by Jacobs between 2010 and 

2014 are within the same range and comparable with the temperatures recorded by Cefas at these three 

locations (see Figure 3.11) 

 

Figure 3.11 : Water temperature monthly means recorded by Cefas and Jacobs. The right hand side figure shows the mean 

values from all data available, while the left hand side figure shows Cefas data between 1971 and 2000 as well as Jacobs data 

collected during the baseline monitoring programme. 

RIFE survey data for 2000 - 2011 for seawater sampled in Cemaes Bay and Cemlyn Bay were provided by the 

Environment Agency. Data collected as part of this baseline monitoring programme (between July 2010 and 

February 2012) can be compared with the RIFE data and can also be placed in the context of a longer-term 

monitoring programme (Figure 3.10, Section 3.3.2.8). In general, levels of β radiation detected in most samples 

collected through the monitoring programme are comparable with the RIFE data (between <5 Bq L
-1

 and 

24 Bq L
-1

), with the exception of November 2010 and February 2012, where high levels of radiation were 

reported in a few samples. 

As many of the radiation levels were below the LoD it was not possible to detect whether radioactivity levels in 

the waters for the naturally occurring radioisotopes were above natural background levels. It was also not 

possible to identify whether the artificially created radioisotopes detected in the area are derived from the 

Existing Power Station. It is widely recognised that data for artificial radionuclides in and around the Irish Sea 

are strongly influenced and elevated by concentrations derived from discharges at Sellafield, which can all but 

mask locally derived activity. As the RIFE-16 and RIFE 17 reports (Cefas, 2011; 2012) state “the data for 

artificial radionuclides related to the Irish Sea continue to reflect the distant effects of Sellafield discharges”. 
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4. Water Quality under Non-operational Conditions 

4.1 Introduction 

The Existing Power Station ceased power generation on 30 December 2015. Following shutdown of the reactor, 

the main seawater cooling pumps remained active during de-fuelling activities to facilitate cooling of the heat 

exchangers and the boiler, although during this period the temperature differential between the intake and 

outfall was negligible.  

This presented an opportunity to compare the water quality in the adjacent water body during operational and 

non-operational conditions, allowing a better understanding of any potential impacts from operation of the 

station. Two additional water quality surveys were carried out in December 2015 and February 2016 with the 

aim of assessing water quality during non-operational conditions and to evidence the validity of the data 

collected in previous years. This section presents the results of these two additional surveys and compares the 

data with that reported for the baseline monitoring programme (Section 3). 

Although the first survey was originally programmed for the beginning of November 2015, persistent bad 

weather conditions delayed the survey until mid-December (15 December 2015). The second survey was 

carried out on 11 February 2016.  

Eight sites were monitored, six of them (WQ2, WQ4, WQ6, WQ7, WQ8 and WQ9) as per the 2014 monitoring programme 

(Section 3.2.2 and Figure 2.1 

Figure 2.1) and two additional sites (OF1 and OF2) close to the existing outfall structure (Figure 4.1). WQ8, 

WQ9 and the additional two sites were only monitored for physico-chemical parameters. 

4.2 Method 

Survey methodology, instrumentation and sampling technique were consistent with previous work. Please refer 

to Section 3.2 for further information regarding sampling methodology. 

All of the physico-chemical parameters, and chemical and biochemical determinands monitored were the same 

as those monitored during the 2014 programme (February 2014 onward). Please refer to Sections 3.2.1, 3.2.1.2 

and 3.2.2 for the full list of parameters monitored. 

4.2.1 Legislative Standards Update 

Please refer to Section 3.2.4.2 for a full list of the legislation and standards that apply. 

In August 2013 the EC adopted and published a Directive (2013/39/EU) which amends Directives 2000/60/EC 

(WFD) and 2008/108/EC (Priority Substance Directive). The new Directive lays down EQSs for an additional 12 

substances (45 substances in total are now included, including priority substances and certain other pollutants). 

In Wales ‘The Water Environment (Water Framework Directive) (England and Wales) (Amendment) Regulation 

2015 (S.I. 2015 No. 1623)’ came into force on 14 September 2015. Also, ‘The Water Framework Directive 

(Standards and Classification) Directions (England and Wales) 2015’ in connection with the implementation of 

the ‘Water Framework Directive (2000/60/EC)’, the ‘Priority Substances Directive (2008/105/EC)’ and the 

revised Priority Substance Directive (2013/39/EU) partially came into force on 14 September 2015 and the 

revised EQSs were adopted on 22 December 2015. Where applicable, results have been compared to the new 

Marine Environmental Quality Standards (as per Directions 2015) as well as previous Directions (2010). 
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Figure 4.1 : Locations of the two additional water quality sites. 
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4.3 Results 

4.3.1 Physico-Chemical Parameters 

All vertical profiles recorded during the December 2015 survey and during the February 2016 survey can be 

found in Appendix E. For consistency purposes, two sets of vertical profiles were produced (see Appendix A). 

The first set includes all sites in the previous year’s monitoring programme (WQ2, WQ4, WQ6, WQ7, WQ8 and 

WQ9). The second set includes the vertical profiles recorded at the two additional sites (OF1 and OF2) as well 

as sites WQ2, WQ4 and WQ6. The latter three sites were included in the second set to add context to the 

profiles recorded at the additional sites (see Figure 4.1). 

For comparison purposes, ‘survey area’ includes only those WQ sites previously monitored (WQ2, WQ4, WQ6, 

WQ7, WQ8 and WQ9), and excludes both of the additional sites (OF1 and OF2). 

4.3.1.1 Temperature 

4.3.1.1.1 December 2015 

Water temperature recorded in December 2015 ranged from 10.73°C to 11.12°C, with the mean value for the 

survey area reported as 10.85°C. The mean temperature recorded at each site was found to be comparable 

(between 10.75°C and 10.89°C). Water temperature was very stable through the water column at sites WQ2, 

WQ4, WQ6 and WQ7, with a vertical variation of 0.03°C or lower. The vertical variation at site WQ8 was 0.13°C, 

but no stratification was evident. At site WQ9 a degree of stratification was observed. The mean temperature for 

the surface layer (extending from the surface to approximately 5.6 m depth) was 11.00°C, while the mean 

temperature of the deep water layer (from 7 m to seabed) was 10.77°C. The stratification observed at site WQ9 

may be a result of the Existing Power Station discharge. 

Water temperatures recorded at the two additional sites (OF1 and OF2) close to the existing outfall (Figure 4.1) 

were clearly affected by the discharge. Temperatures recorded at site OF1 (approximately 50 m away from the 

outfall) ranged between 11.00°C (at depths between 8.6 m and the seabed (9.4 m)) and 15.22°C (at 0.95 m 

below the surface). A strong thermocline was observed at site OF1 at 4.4 m depth. Temperatures recorded 

below this depth were approximately 2.5°C lower than the surface layer. Water temperature recorded between 

4.4 m and 8.6 m varied between 11.05°C and 13.58°C. Temperatures recorded at site OF2 (approximately 

160 m away from the outfall) ranged between 10.81°C (near the seabed) and 11.57°C (0.13 m below the 

surface). The mean value recorded at this site was 11.12°C. No clear stratification was evident at this site. The 

water temperature decreased progressively from the surface to approximately 12 m. Temperatures recorded 

between a depth of 12 m and the seabed (18.5 m) were very stable with the mean value of 11.82°C. 

4.3.1.1.2 February 2016 

Water temperature recorded within the survey area in February 2016 ranged from 8.50°C to 8.69°C, with a 

mean value of 8.56°C. Vertical profiles at all sites showed very stable values through the water column with a 

vertical variation of 0.04°C or less. Water temperature was very similar across all sites, except at site WQ4. The 

mean value recorded at each site (excluding site WQ4) ranged between 8.51°C and 8.53°C. The water 

temperature recorded at site WQ4 was found to be 0.16°C higher compared with the rest of the sites. If site 

WQ4 is excluded, the mean value recorded for sites WQ2-WQ9 would be 8.52°C. The mean value recorded at 

site WQ4 was 8.68°C. 

The water temperature recorded at the two additional sites (OF1 and OF2) was also found to be very stable 

through the water column. The mean values recorded at these two sites were very comparable with the mean 

value recorded elsewhere within the survey area at 8.57 °C and 8.56 °C, respectively. 
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4.3.1.2 Salinity  

4.3.1.2.1 December 2015 

Salinity values recorded at all sites in the survey area (except at site WQ4), were found to be very stable 

through the water column and between sites, with values recorded between 33.98 and 34.07. Values recorded 

at site WQ4 were found to be slightly elevated in comparison to the rest of the sites (between 34.09 and 34.11). 

The mean value recorded within the survey area was 34.05. No stratification was observed at any sites. 

Salinity values recorded at site OF1 (approximately 50 m away from the outfall) ranged between 33.72 and 

34.44, with a mean of 34.01. Salinity values recorded at site OF2 (approximately 160 m away from the outfall) 

ranged between 34.00 and 34.11, with a mean of 34.04. Mean values at both sites were similar to the mean 

value reported for the wider survey area. 

4.3.1.2.2 February 2016 

Salinity values recorded in February 2016 at all sites in the survey area were found to be very stable through the 

water column, with a vertical variation of 0.10 or less. Salinity values ranged between 34.14 and 34.30, with a 

mean of 34.22. Sites WQ7 and WQ9 (closest to Cemlyn Lagoon) recorded the lowest salinity, with mean values 

recorded as 34.20 and 34.19 respectively. 

Salinity values recorded at the additional sites (OF1 and OF2) were also found to be stable through the water 

column, although the mean value recorded at these two sites, was lower (34.14 and 34.17 respectively). 

4.3.1.3 Dissolved Oxygen 

4.3.1.3.1 December 2015 

DO saturation levels within the survey area ranged between 97.0% and 125.1% (both values recorded at site 

WQ4, at the surface and near the seabed respectively). The mean value recorded at all sites and depths was 

109.3%. DO concentrations ranged between 8.63 mg L
-1

 (recorded at sites WQ4 and WQ8 at surface) and 

11.13 mg L
-1

 (recorded at site WQ4 near the seabed). The mean value recorded at all sites and depths was 

9.74 mg L
-1

. All results indicate well oxygenated waters. Vertical profiles at all sites followed a similar pattern 

with lower DO values near the surface (between 97.0% and 98.7% and between 8.63 mg L
-1

 and 8.80 mg L
-1

), 

with progressively increasing values towards the seabed (due to the pressure effect).  

DO values recorded at the two additional sites (OF1 and OF2) were found to be comparable with all other sites. 

At site OF1, saturation levels were 101.2% and concentration levels 8.26 mg L
-1

. The differences recorded at 

this site compared with the other sites (including OF2) are thought to be attributable to the outfall and water 

turbulence generated. 

4.3.1.3.2 February 2016 

DO saturation levels recorded in February 2016 ranged between 94.1 % (recorded at site WQ7 at surface) and 

128.0% (recorded at site WQ4, between approximately 34 m and 36 m depth). The mean value recorded at all 

sites and depths was found to be 109.4%. DO concentration levels ranged between 8.83 mg L
-1

 and 

11.95 mg L
-1

 (also recorded at sites WQ7 and WQ4 at similar depths as the saturation levels). The mean DO 

concentration level, recorded at all sites and depths, was 10.24 mg L
-1

. Vertical profiles at all sites followed a 

similar pattern and were comparable between sites, except at site WQ4, where levels were slightly higher. DO 

values at the surface at all sites, except at WQ4, were very similar (between 94.1% and 95.9% and between 

8.83 mg L
-1

 and 8.99 mg L
-1

). At site WQ4 DO at the surface was found to be 98.3% and 9.18 mg L
-1

. 

DO values recorded at the two additional sites (OF1 and OF2) were similar to all other sites (except site WQ4). 

DO values at these two sites range from 94.8% to 108.7% and 8.87 mg L
-1

 and 10.19 mg L
-1

. 
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4.3.1.4 pH 

4.3.1.4.1 December 2015 

pH values recorded at all sites, including the two additional sites (OF1 and OF2) were found to be very stable 

through the water column and between sites. Values range between 8.30 and 8.37. 

4.3.1.4.2 February 2016 

pH values recorded at all sites, including the additional sites (OF1 and OF2) were found to be comparable, 

ranging between 8.13 and 8.17. 

4.3.1.5 Oxidation Reduction Potential or Redox 

4.3.1.5.1 December 2015 

ORP values recorded at all sites, including the two additional sites (OF1 and OF2), were found to be stable 

through the water column. Vertical profiles at all sites showed very little variation with depth. The vertical 

variations recorded at each site were found to be less than 10 mV. ORP values recorded within the survey area 

(excluding the additional sites OF1 and OF2) ranged between 236.5 mV (recorded at site WQ2 near the 

seabed) and 258.5 mV (recorded at site WQ4 at surface). Including the two additional sites, the range was 

between 236.5 mV and 261.7 mV. 

ORP values at site OF2 were similar to those recorded at all other sites. Values recorded at OF1 may have 

been affected by the discharge as the vertical profile differed noticeably from the other sites. The highest value 

recorded was 261.7 mV at a depth of approximately 5 m below the surface rather than at surface (found at all 

other sites). 

4.3.1.5.2 February 2016 

ORP values recorded at all sites, including the additional sites (OF1 and OF2), during the February 2016 survey 

ranged between 205.9 mV and 287.7 mV. ORP values were found to be very stable through the water column 

at all sites, with a vertical variation of 3.5 mV or less (except at site WQ2 where the vertical variation recorded 

was 12.8 mV. 

4.3.2 Laboratory Analysis Results 

As the survey area can be considered as one water body, the arithmetic mean of all samples collected can be 

used to represent the value of the water body (see Section 3.3.2 for more information). 

4.3.2.1 Physico-Chemical Determinands 

Mean physico-chemical results reported by the laboratory can be found in Appendix F. 

4.3.2.1.1 Organic Carbon (TOC and DOC) 

Mean TOC value within the survey area was reported as <1 mg L
-1

 in December 2015 and February 2016. 

Mean DOC value reported within the survey area was 0.55 mg L
-1

 in December 2015 and 0.70 mg L
-1

 in 

February 2016. 

4.3.2.1.2 Total Suspended Solids (TSS) 

TSS in December 2015 was reported between 12.5 mg L
-1

 and 21.4 mg L
-1

, while in February 2016 values were 

reported between 12.2 mg L
-1

 and 20 mg L
-1

. The mean value reported in December 2015 was 16.4 mg L
-1

, 

while in February 2016 the mean value was 16.6 mg L
-1

. 
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4.3.2.2 Cations and Anions 

All concentrations measured in December 2015 and February 2016 (Appendix F), were reported within the 

expected values for coastal waters (Turekian, 1976)., with no significant variations between sites and in line with 

concentrations reported during the baseline monitoring programme (Section 3).  

4.3.2.3 Nutrients 

Mean nitrogen (as N) concentration reported was 0.210 mg L
-1

 in December 2015 and 0.189 mg L
-1

 in February 

2016. Total organic nitrogen (as N), dissolved inorganic nitrogen (as N), ammoniacal nitrogen (as N) and 

Kjeldahl nitrogen (as N) were all reported as below MRV for samples taken in December 2015 and February 

2016. Total oxidised nitrogen (as N) was reported as below MRV in December 2015 but marginally above the 

MRV in February 2016 (mean value reported was 0.103 mg L
-1

 and the current MRV is 0.100 mg L
-1

). 

Un-ionised ammonia concentrations (calculated from temperature, pH and ammoniacal nitrogen) were reported 

well below the relevant EQS (21 g L
-1

). The mean value reported in December 2015 was 0.782 g L
-1

 and in 

February 2016 was 0.448 g L
-1

.  

Nitrite and nitrate were also reported as below the MRV in all samples collected in December 2015 and 

February 2016. 

Orthophosphate (also known as soluble reactive phosphorus) mean concentrations were 0.036 mg L
-1

 in 

December 2015 and 0.018 mg L
-1

 in February 2016. Mean silicate concentrations were reported as 0.30 mg L
-1

 

in December 2015 and 0.36 mg L
-1

 in February 2016. 

All results can be found in Appendix F. 

4.3.2.4 Metals 

All metals were reported as below the relevant EQSs. Concentrations for boron, nickel, copper, zinc, arsenic 

and lead were all found within the expected values for coastal waters (Turekian, 1976). Vanadium, chromium, 

manganese, iron, cobalt, selenium, cadmium, tin and mercury were found below MRV in all samples (Appendix 

F). 

4.3.2.5 Organic Compounds 

4.3.2.5.1 Total Petroleum Hydrocarbons 

Total petroleum hydrocarbons (TPH) were reported as below the MRV (0.2 mg L
-1

) in all samples collected in 

December 2015 and February 2016.  

4.3.2.5.2 Polycyclic Aromatic Hydrocarbons and Polychlorinated Biphenyls 

Concentrations of all polycyclic aromatic hydrocarbons (PAHs) and polychlorinated biphenyls (PCBs) monitored 

were reported as below the MRV (0.001 µg L
-1 

or 0.002 µg L
-1

 or 0.01 µg L
-1

 depending on the compound) in all 

samples collected in December 2015 and February 2016.  

4.3.2.5.3 Volatile Organic Compounds 

All Volatile Organic Compounds (VOCs) monitored in December 2015 and February 2016 were reported as 

below the MRV with no exceptions. The MRV was set by the laboratory as 0.1 µg L
-1

, 0.2 µg L
-1

 or 0.5 µg L
-1

 

depending on the particular compound.  

4.3.2.5.4  Phenols 

All phenolic compounds monitored were reported as below the MRV (<0.02 µg L
-1

), except for 

3,5-dimethylphenol and phenol. 3,5-dimethylphenol was reported above the MRV (0.113 µg L
-1

) in one sample 
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in February 2016 only. The mean value for the survey area remained below the MRV. Phenol was detected in 

two samples in December 2015 and another two samples in February 2016. All these samples were reported 

marginally above the MRV (0.0725 µg L
-1

 or lower). The mean value for the survey area was reported as below 

the MRV (0.05 µg L
-1

) in both December and February.  

4.3.2.6 Cyanide 

All results were reported below their MRV (0.5 mg L
-1

 for total cyanide as CN and 0.005 mg L
-1

 for free cyanide 

as CN). 

4.4 Discussion 

The water temperature recorded within the survey area in December 2015 was considered higher than 

expected (approximately 2°C higher). In addition, the water temperature recorded in February 2016 was 

between approximately 1°C and 1.5°C higher than water temperatures recorded in previous years within the 

same area. According to the Met Office (2016) the air temperature recorded in December 2015 for the region 

was approximately 4.3°C higher than the mean temperature recorded in December between 1981 and 2010. In 

January 2016, the air temperature recorded in north Wales was approximately 0.3°C higher than the mean 

temperature for the same time series (1981 - 2010). The overall air temperature recorded in winter 2015 - 2016 

was found to be 2.0°C higher than the mean temperature recorded in winter between 1981 and 2010 (Met 

Office, 2016). The elevated seasonal air temperatures may have accounted for the higher than expected 

seawater temperatures recorded during the surveys. 

In December 2015, the water column was found to be stratified at site WQ9 (approximately 1 km from the 

outfall) and at one of the additional sites (OF1, the closest to the outfall). This clearly indicates that the thermal 

impact generated by the outfall discharge is mostly localised to the vicinity of the structure and the thermal 

discharge dissipates relatively quickly and in a short distance. No other site was found stratified in December or 

February 2016. 

Salinity values recorded at all sites in December 2015 and February 2016 were in line with previous values 

recorded in the study area. No stratification or halocline was observed at any of the sites, however very unstable 

values were recorded within the water column at one of the additional sites monitored in December 2015 (OF1), 

possibly due to the turbulent water conditions generated by the discharge. Salinity values at this site were highly 

variable through the water column, and it is suggested that the turbulence produced by the discharge could be 

affecting readings. 

DO data recorded at each site in December 2015 and February 2016 indicate high DO levels when compared to 

WFD standards. DO levels (% saturation and mg L
-1

) at the surface and through the water column at all sites 

were very similar. All DO data recorded in December 2015 and February 2016 are in line with values reported 

during the baseline surveys (see Section 3.3.1.3).  

TSS reported by the laboratory in December 2015 and February 2016 were found at similar levels (mean values 

of 16.4 mg L
-1

 and 16.6 mg L
-1

 respectively) and just above the WFD threshold value for clear waters 

(<10 mg L
-1

). In line with WFD classification and the TSS values reported, the water body along the north 

Anglesey coast could be classified as intermediately turbid during December 2015 and February 2016. The 

water body in this area has previously been classified as clear water, and it is suggested that the persistent 

stormy weather may have affected the level of suspended solids within the water column at the time of both 

surveys. 

Total organic nitrogen, dissolved inorganic nitrogen, ammoniacal nitrogen and Kjeldahl nitrogen were all 

reported as below MRV in December 2015 and February 2016. All other nutrients (nitrate, nitrite, 

orthophosphate and silicate) were recorded at levels similar to those previously reported for the survey area. 

The water body along the north Anglesey coast attained Good chemical status in both December 2015 and 

February 2016. This status is based on monthly averages and maximum concentrations reported for priority 

substances and other specific pollutants covered under the WFD and Priority Substance Directive. No 
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differences, other than the seasonal variation, have been observed between the concentrations reported by the 

laboratory in December 2015 and February 2016 and those previously reported for the survey area. 

All physico-chemical parameters, including cations and anions, analysed by the laboratory were reported at 

expected concentrations, with values typical of seawater and at comparable concentrations with those values 

previously reported for the survey area during the baseline monitoring programme (between May 2010 and 

November 2014). 

The mean values reported for all organic compounds (TPHs and PAHs, PCBs, VOCs and phenols) analysed in 

December 2015 and February 2016, were below their MRVs. These results are in line with results reported 

during the baseline programme. 

The data reported from the December 2015 and February 2016 surveys indicate that the water quality status 

along the north Anglesey coastline remains Good, in line with the data reported during the baseline monitoring 

programme (Section 3.4). The results validate the continued use of the baseline data collected between May 

2010 and November 2014, but also indicate that the Existing Power Station’s operations were having a 

negligible impact on the water quality of the adjacent water body. The water quality data collected in February 

2016 (non-operational conditions) do not show any difference from that collected in December 2015 or during 

the baseline monitoring programme (May 2010 – November 2014), with the exception of water temperature 

close to the outfall area. 
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5. Water Quality at Holyhead North 

5.1 Introduction  

As part of the Wylfa Newydd Generating Station and Associated Development, it is assumed that planned 

excavation work within the area of Porth-y-pistyll will result in large volumes of dredged material requiring 

disposal at sea and the licensed disposal site Holyhead North (IS043) offers the best option. 

In order to characterise the marine environment around the proposed disposal site at Holyhead North and 

gathering relevant information to support all required applications, an extended baseline survey was carried out 

within the area in October 2016 and December 2016. As part of this characterisation a single water quality 

survey was carried out on 31 October 2016. This section presents the results reported for this water quality 

survey. 

Six sites were monitored for the water quality element (Figure 5.1). Four sites were strategically selected to 

cover the area where disposal can take place (Sites HHD_02, 08, 14 and 16) and two sites outside of this area 

(HHD_04 and 18). 

5.2 Method 

Survey methodology, instrumentation and sampling technique were consistent with the work carried out during 

the baseline monitoring programme. In order to increase the sampling resolution in the area, water samples for 

chemical and biochemical analysis were collected below the surface (1m depth) and at mid depth. The reader 

should refer to Section 3.2 for further information regarding sampling methodology. 

The main physico-chemical parameters were measured in situ throughout the vertical water column, including 

temperature, conductivity, salinity, DO, pH and ORP. 

The chemical and biochemical determinands monitored were the same as those monitored during the 2014 

programme (February 2014 onward). However, most organic compounds were excluded from the list of 

determinands (PAHs, VOCs and phenols compounds). Please refer to Sections 3.2.1, 3.2.1.2 and 3.2.2 for the 

full list of parameters monitored. 

5.3 Results 

5.3.1 Physico-Chemical Parameters 

All vertical profiles recorded at Holyhead Deep during the October 2016 survey can be found in Appendix G. A 

summary of the physico-chemical properties recorded in situ is presented below: 

 Temperature within the survey area varied between 13.99°C and 14.08°C. The difference recoded 

within the vertical water column at each site was 0.05°C or lower. 

 Conductivity values recorded within the survey area varied between 40.878 mS cm
-2

 and 41.091 mS 

cm
-2

. 

 Salinity values recorded within the survey area varied between 33.99 and 34.15. The difference 

recoded within the vertical water column at each site was 0.16 or lower. 

 Dissolved oxygen (saturation) recoded within the survey area varied between 90.5% and 96.2%. The 

difference recoded within the vertical water column at each site was 5.7% or lower. 

 Dissolved oxygen (concentration) recoded within the survey area varied between 7.54 mg L
-1

 and 

8.01 mg L
-1

. The difference recoded within the vertical water column at each site was 0.47 mg L
-1

 or lower. 

 pH values recoded within the survey area varied between 8.18 and 8.23. The difference recoded 

within the vertical water column at each site was 0.03 or lower. 
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 ORP values recoded within the survey area varied between 291.3 mV and 325.7 mV. The difference 

recoded within the vertical water column at each site was 14.1 mV or lower. 

5.3.2 Legislative Standards Updated 

The reader should refer to Section 3.2.4.2 for a full list of the legislation and standards that apply. 

In Wales ‘The Water Environment (Water Framework Directive) (England and Wales) (Amendment) Regulation 

2015 (S.I. 2015 No. 1623)’ came into force on 14 September 2015. Also, ‘The Water Framework Directive 

(Standards and Classification) Directions (England and Wales) 2015’ in connection with the implementation of 

the ‘Water Framework Directive (2000/60/EC)’, the ‘Priority Substances Directive (2008/105/EC)’ and the 

revised Priority Substance Directive (2013/39/EU) partially came into force on 14 September 2015 and was 

adopted on 22 December 2015. Where applicable, results have been compared to the new Marine 

Environmental Quality Standards (as per Directions 2015).



 

   

 

Figure 5.1 : Location of the water quality target sites around Holyhead Deep. 
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5.3.3 Laboratory Analysis Results 

Full results reported for this survey can be found in Appendix H and are summarise below. 

5.3.3.1 Physico-Chemical Determinands 

5.3.3.1.1 Organic Carbon, Total and Dissolved (TOC and DOC) 

TOC concentrations were reported between 0.77 mg L
-1

 and 0.86 mg L
-1

. The mean value reported within the 

survey area was 0.81 mg L
-1

. 

DOC concentrations were reported between 0.90 mg L
-1

 and 1.20 mg L
-1

. The mean value reported from all 

samples was 1.06 mg L
-1

. 

5.3.3.1.2  Biological oxygen Demand (BOD) 

BOD values were reported below the MRV (1.00 mg L
-1

) in all samples except at site HHD_08 at surfaces, 

where it was reported marginally above (1.15 mg L
-1

) 

5.3.3.1.3 Total Suspended Solids (TSS) 

TSS for samples collected at surfaces ranged from <3.0 mg L
-1

 and 5.2 mg L
-1

, while samples collected at mid 

depth ranged from 3.9 mg L
-1

 and 14.7mg L
-1

. The mean value reported at surface was 3.6 mg L
-1

 while the 

mean value reported at mid depth was 7.5 mg L
-1

. The mean value reported within the survey area (considering 

all samples collected) was 5.5mg L
-1

. 

5.3.3.2 Cations and Anions 

All concentrations reported around Holyhead Deep were found within the expected values for coastal waters 

(Turekian, 1976), with no significant variations between sites and in line with concentrations reported during the 

baseline monitoring programme (Section 3). 

5.3.3.3 Nutrients 

Most of the Nitrogen and nutrients concentrations reported were found below the respective MRW. A summary 

of the concentration reported is presented below: 

 The mean nitrogen (as N) concentration reported was 0.183mg L
-1

. 

 Total organic nitrogen (as N), inorganic nitrogen (as N), ammoniacal nitrogen (as N), Kjeldahl nitrogen 

(as N), nitrite (as N) and nitrate (as N) were all reported as below MRV. 

 Total Oxidised nitrogen (as N) was reported as below MRV (0.0040 mg L
-1

) in all samples except for 

one, reported marginally above (0.0056 mg L
-1

) 

 Un-ionised ammonia concentrations (calculated from temperature, pH and ammoniacal nitrogen) were 

reported well below the relevant EQS (21 g L
-1

). The mean concertation reported in Holyhead Deep area 

was <0.785 g L
-1

. 

 Orthophosphate (as P) was reported as either 0.014 mg L
-1

 or 0.015 mg L
-1

 in all samples. The mean 

value reported was 0.015 mg L
-1

. 

 Silicate concentrations (as SiO2) in all samples was reported as either <0.200 mg L
-1

 or as 0.200 mg L
-

1
. The mean value remained below MRV. 

5.3.3.4 Metals 

All metals concentrations reported for the area were found below the relevant EQSs. However, zinc was 

reported between 1.37 g L
-1

 and 12.80g L
-1

. The mean concentration reported within the survey area was 
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4.32 g L
-1

, below the current EQS (7.9 g L
-1

). If the sample reported above the EQS (collected at site HHD_18 

at 34.5 m depth) is excluded, the highest concentration reported would have been 6.05 g L
-1

 and the mean 

concentrations would have been 3.55 g L
-1

. 

Concentrations for boron, copper, zinc, arsenic and lead were all found within the expected values for coastal 

waters (Turekian, 1976). Nickel was reported marginally above the MRV in four samples, however, the mean 

value reported remained below the MRV. Vanadium, chromium, manganese, iron, cobalt, selenium, cadmium, 

tin and mercury were all found below MRV in all samples. 

5.3.3.5 Organic Compounds 

Total petroleum hydrocarbons (TPH) and di-2-ethylhexyl phthalate (DEHP) were reported as below the MRV 

(0.2 mg L
-1

) in all samples collected. 

5.3.3.6 Cyanide 

All results were reported below their MRV (0.5 mg L
-1

 for total cyanide as CN and 0.005 mg L
-1

 for free cyanide 

as CN). 

5.4 Discussion 

All physico-chemical properties, as well as cations, anions and metals concentrations reported, are considered 

normal and in line with expected values from coastal water (Turekian, 1976). 

Conservative properties (temperature and salinity) were found very stable throughout the water column and 

through the survey area, indicating the absence of permanent stratification within the area, a very well mixed 

water body and a unique mass of water. 

DO values recorded within the vertical water column at all sites are ‘High’ according with current WFD 

classification (>5.74 mg L
-1

).  

The mean suspended solids (as total) reported in all samples classified the areas as clear water under WFD 

criteria used to identified the type of waters. 

Most nutrient concentrations were found below the laboratory’s minimum reportable value (MRV) or marginally 

above this value. 

All results reported by the laboratory were compared with environmental quality standards (EQS) when 
applicable. No exceedance from annual averages or maximum allowable concentrations values were reported 
for any of the determinands analysed. Moreover, all concentrations reported by the laboratory are in line with 
‘Good’ chemical status defined by the WFD and consistent with other coastal water with absence of pollution 
substances. 
 
Zinc concentration was reported above the relevant long-term EQS in one sample, collected at site HHD_18 at 

34.5m. It must be noted the zinc EQS (6.8 g L
-1

 + 1.1 g L
-1

 background concentration) refer to the annual 
mean. No maximum allowable concentration has been established of this pollutant. The mean value recorded in 

all samples (4.32 g L
-1

) was still well below the mentioned EQS. 



Water Quality and Plankton Survey Report  

 

 

60PO8007/AQE/REP/004 47 

6. Water Quality at Cemlyn Lagoon 

6.1 Introduction 

During the construction phase of the Wylfa Newydd Generating Station and Associated Development, it is 

anticipated that several discharges (e.g. dewatering and sewage) will take place. Although direct discharge to 

Cemlyn lagoon or Cemlyn stream will not take place, some of the surface water from Cemlyn stream might be 

diverted (up to 10% of the total volume running) to support the settlement and treatment operations of effluents 

produced during construction. 

In order to understand and assess the current water quality and physico-chemical conditions in Cemlyn lagoon, 

four sites (see Figure 6.1 and Table 6.1) were monitored since October 2017. The location of these four sites 

corresponds to the sites previously monitored for total suspended solids between January 2016 and April 2016 

and although there is an ongoing monitoring programme in place, laboratory results were only available for 

October and November 2017 at the time this report was finalised. Results for total suspended solids between 

January 2016 and April 2016 are also presented in this section. 

It must be noted that Cemlyn lagoon is a designated SSSI and is currently part of the Anglesey Heritage Coast 

and the Isle of Anglesey Area of Outstanding Natural Beauty. 

Table 6.1 : Water quality sampling locations in Cemlyn lagoon. 

Site Target Location 

ST1 53.407557, -4.508179 

ST2 53.409160, -4.509989 

ST3 53.409309, -4.514799 

ST4 53.411042, -4.513330 

6.2 Method 

Water samples were collected at each site using a sampling bucket. When the water depth allowed a 

subsurface sample was obtained, however the majority of samples were collected from the surface as generally 

water depth in the areas surveyed were less than 0.5 m. The main physico-chemical parameters (temperature, 

salinity, conductivity, dissolved oxygen and pH) were measured in situ using a handheld YSI
®
 multimeter. 

The instrument used to measure all physico-chemical parameters was calibrated and checked following a 

similar protocol to that described in Section 3.2.3. 

The chemical and biochemical determinands monitored were the same as those monitored during the 2014 

programme (February 2014 onwards). The reader should refer to Sections 3.2.1, 3.2.1.2 and 3.2.2 for the full list 

of parameters monitored. 

6.2.1 Legislative Standards 

The reader should refer to Section 3.2.4.2 for a full list of the legislation and standards that apply. The current 

EQSs applied to surface waters in Wales are summarised by ‘The Water Environment (Water Framework 

Directive) (England and Wales) (Amendment) Regulation 2015 (S.I. 2015 No. 1623)’ and ‘The Water 

Framework Directive (Standards and Classification) Directions (England and Wales) 2015’. 
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Figure 6.1 : Water quality sites in Cemlyn Lagoon
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6.3 Results 

All results reported by the laboratory can be found in Appendix I. 

6.3.1 Physico-Chemical parameters 

A summary of the physico-chemical properties recorded in situ in Cemlyn lagoon can be found in Table 6.2 

below. 

Table 6.2 : Summary of physico-chemical parameters measured in Cemlyn lagoon. 

Parameter (in situ) Units October 2017 November 2017 December 2017 

Temperature of Water (mean value) ºC 10.59 11.75 2.35 

Salinity (mean value) Unitless 23.12 23.05 (*) 16.05 

Conductivity (mean value) mS cm
-1
 26.510 27.252 (*) 15.241 

DO concentration (mean value) mg L
-1
 8.73 9.69 13.18 

DO saturation (mean value) % 90.7 101.1 107.4 

pH (range) n/a 7.89 - 8.16 8.22 - 8.29 7.62 - 8.22 

(*) salinity and conductivity value from site ST1 (9.55 and 12.132 mS cm
-1
) were not considered when calculating the mean value for the 

area in November because it was highly influenced by the freshwater inputs and considerably different than values recorded at all other 

sites within the lagoon. 

6.3.2 Laboratory Analysis Results 

Monthly mean values reported for the survey area can be found in Appendix I and are summarised below. 

6.3.2.1 Physico-Chemical Determinands 

6.3.2.1.1 Organic Carbon, Total and Dissolved (TOC and DOC) 

Between October and November 2017: 

 TOC concentrations were reported between 2.5 mg L
-1

 and 5.1 mg L
-1

, while the mean value reported 

within the survey area was 3.74 mg L
-1

. 

 DOC concentrations were reported between 2.41 mg L
-1

 and 5.32 mg L
-1

, while the mean value 

reported was 3.63 mg L
-1

. 

6.3.2.1.2 Biological Oxygen Demand (BOD)  

BOD values reported in October 2017 ranged between 1.12 mg L
-1

 and 1.58 mg L
-1

, while in November 2017 

values ranged from <1.00 mg L
-1

 to 1.47 mg L
-1

. The mean value reported for the survey area in October 2017 

was 1.33 mg L
-1

 while the mean value reported in November 2017 remained below the MRV. 

6.3.2.1.3 Total Suspended Solids (TSS) 

TSS concentrations reported in October 2017 ranged from 5.7 mg L
-1

 to 17.1 mg L
-1

, while concentrations 

reported in November 2017 ranged from 3.0 mg L
-1

 to 18.7 mg L
-1

. The mean value reported for both months 

remained below 10 mg L
-1

 (clear/intermediate turbid boundary under WFD classification) with values reported as 

9.4 mg L
-1

 and 7.8 mg L
-1

 for October 2017 and November 2017, respectively. 

TSS concentrations reported between January 2016 and April 2016 are presented below in Table 6.3. 
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Table 6.3 : Suspended solids concentrations reported at Cemlyn lagoon between January and April 2016. 

Suspended Solids (mg L
-1
) ST1 ST2 ST3 ST4 

27/01/2016 59 No sample (*) 293 201 

29/02/2016 117 51.2 39.5 11.4 

20/04/2016 13.3 61.3 41.5 49 

(*) ST2 was not monitored on 27
th
 January 2016 due to access restriction to the site. 

6.3.2.2 Cations and Anions 

All concentrations reported within Cemlyn lagoon were found within the expected values for saline waters 

(Turekian, 1976), with the exception of the sample collected at site ST1 in November 2017. This particular 

sample was heavily influenced by the freshwater inputs from Cemlyn stream and cations and anions 

concentrations were reported considerably lower compared to the other sites (matching the characteristic values 

of freshwater inputs). The mean concentrations reported for the survey area can be found in Table 6.4. 

Table 6.4 : Mean cations and anions concentrations reported in Cemlyn lagoon. 

Compound Units October 2017 November 2017 (*) 

Bromide mg L
-1
 43.9 45.8* 

Calcium, Dissolved mg L
-1
 290 276* 

Potassium, Dissolved mg L
-1
 315 284* 

Sodium, Dissolved mg L
-1
 6998 6940* 

Sulphate, Dissolved as SO4 mg L
-1
 1860 1800* 

(*) concentrations reported at site ST1 were excluded from the mean value due to the freshwater influences. Concentrations reported at this 

site were: Bromide 18.5 mg L
-1
, dissolved calcium 13.9 mg L

-1
, dissolved potassium 11mg L

-1
, dissolved sodium 305mg L

-1
 and dissolved 

sulphate 75.8mg L
-1
. 

6.3.2.3 Nutrients 

A summary of the nutrient concentrations reported in October and November 2017 is presented below: 

 The mean nitrogen (as N) concentration reported in October 2017 was 0.981 mg L
-1

 with values 

ranging between 0.633 mg L
-1

 and 1.690 mg L
-1

. The mean concentration reported in November 2017 was 

1.205 mg L
-1

 with values ranging between 0.703 mg L
-1

 and 2.510 mg L
-1

. 

 The total organic nitrogen (as N) concentration reported in October 2017 ranged between 

<0.955 mg L
-1

 and <0.980 mg L
-1

. Similarly, in November 2017, organic nitrogen concentrations ranged 

between <0.938 mg L
-1

 and <0.975 mg L
-1

. 

 Ammoniacal nitrogen (as N) in October 2017 was reported between <0.02 mg L
-1

 and 0.045 mg L
-1

. 

The mean value in October was reported as 0.026 mg L
-1

. In November 2017, the ammoniacal nitrogen 

ranged from 0.025 mg L
-1

 and 0.062 mg L
-1

 and the mean value was reported as 0.037 mg L
-1

. 

 Un-ionised ammonia (as N), which is calculated from temperature, pH and ammoniacal nitrogen were 

reported bellow the EQS (21 µg L
-1

) in all samples. The maximum concentration reported between October 

and November 2017 was 2.11 µg L
-1

 (reported in November at site ST1). 

 The dissolved inorganic nitrogen (as N) fraction reported in October 2017 ranged between <0.340 mg 

L
-1

 and 1.250 mg L
-1

, while in November 2017 it ranged between 0.375 mg L
-1

 and 2.050 mg L
-1

. In both 

months, the highest concentrations were reported at site ST1 while the lowest concentrations were 

reported at site ST4. 

 Oxidised nitrogen (as N) was reported between 0.25 mg L
-1

 and 1.20 mg L
-1

 in October 2017 and 

between 0.35 mg L
-1

 and 1.99 mg L
-1

 in November 2017. 

  Nitrite concentrations reported in October 2017 ranged from 0.0092 mg L
-1

 and 0.0136 mg L
-1

, while 

concentrations reported in November 2017 ranged from 0.0094 mg L
-1

 and 0.0263 mg L
-1

.  
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 Orthophosphate (as P) was reported between <0.01 mg L
-1

 and 0.019 mg L
-1

 in October 2017 and 

between <0.01 mg L
-1

 and 0.023 mg L
-1

 in November 2017. The mean value reported in both months was 

just above the MRV (0.011 mg L
-1

 for both months). 

 Silicate concentrations (as SiO2) was reported between 0.65 mg L
-1

 and 4.63 mg L
-1

 in October 2017 

and between 0.5 mg L
-1

 and 5.74 mg L
-1

 in November 2017. The mean value reported was comparable in 

October and November 2017 (1.93 mg L
-1

 in October and 1.96 mg L
-1

 in November). 

6.3.2.4 Metals 

All metals concentrations reported between October and November 2017 in Cemlyn lagoon were found below 

the relevant EQSs. Moreover, a number of metals (selenium, cobalt, tin, cadmium, iron, vanadium and 

chromium and the dissolved fractions of mercury and iron) were reported below the laboratory MRV in all 

samples. Arsenic and mercury (total fraction) concentrations were also reported as below MRV with one 

exception for both metals. Arsenic was reported marginally above MRV in one sample (ST4) in October 2017 

and mercury (total fraction) was reported marginally above MRV in one sample (ST2) in November 2017. 

All other metal concentrations are summarised in Table 6.5 below: 

Table 6.5 : Ranges of dissolved metals concentrations reported above MRV. 

Dissolved metals (µg L
-1
) EQS October 2017 November 2017 

Copper 3.76 0.600 - 0.816  0.947 - 1.240 

Lead 1.3 <0.0400 - 0.0482 0.0575 - 0.0808 

Nickel 8.6 0.607 - 0.904 0.518 - 0.826 

Zinc 7.9 1.82 - 3.28 1.86 - 3.04 

Boron 7000 2200 - 3780 <700 - 2970 

Manganese n/a 23.0 - 87.7 <20.0 - 33.2 

6.3.2.5 Organic Compounds 

The majority of organic compounds monitored between October and November 2017 (TPHs, PAHs, PCBs, 

VOCs and Phenols) were reported as below the MRV in all samples collected. However, three exceptions were 

reported: 

  4-Methylphenol, also known as p-cresol, was reported marginally above MRV at site ST1 in October 

(0.0314 µg L
-1

) and November (0.0298 µg L
-1

). 

 Phenol was reported in all samples, between 0.104 µg L
-1

 and 0.307 µg L
-1

 in October 2017 and 

between 0.0812 µg L
-1

 and 0.196 µg L
-1

 in November 2017. 

 Di-2-ethylhexyl phthalate (DEHP) was reported marginally above MRV at site ST2 (0.282 µg L
-1

) in 

November 2017. 

A full list of organic compounds reported as below MRV can be found in Table I.7 in Appendix I. 

6.3.2.6 Cyanide 

All results were reported below their MRV for total cyanide as CN and for free cyanide as CN. 

6.4 Discussion 

Temperature values recorded within Cemlyn lagoon between October and December 2017 were found within 

the expected values when compared with data gathered by the former CCW between August 2006 and 

December 2011. 
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Similarly, salinity values recorded between October and December 2017 are also comparable with previous 

studies undertaken within the lagoon (Jones, 1978; Bamber et al., 2000, 2001; Epworth and Haycock, 2006 and 

Nikitik, 2007). When looking at individual stations, the lowest salinity was always recorded at ST1 (the closest to 

Cemlyn stream), where the highest input of freshwater occurs. All other stations recorded comparable values 

between them. 

DO values recorded at all sites within the lagoon are ‘High’ according with current WFD classification 

(7.97 mg L
-1 

or higher). The mean DO concentration recorded for the lagoon was lowest in October 2017 

(8.73 mg L
-1

) and increased in November and December 2017. Also, DO saturation within the lagoon was found 

to be high (mean value ranged between 90.7% and 107.4%) indicating a well oxygenated environment.  

The mean suspended solids (as total) concentrations reported between October and November 2017 classified 

the lagoon as ‘clear water’ under WFD criteria. However, data collected between January 2016 and April 2016 

classified the lagoon as ‘turbid’ in January 2016 and ‘intermediate turbid’ in February and April 2016. Total 

suspended solids concentrations reported to date show considerable variation indicating a very dynamic 

environment. Suspended solids concentrations in a dynamic environment like Cemlyn lagoon greatly depend on 

weather conditions. The main two effects observed are, the increased input of freshwater from Cemlyn stream 

during and after a heavy rain period and the resuspension of sediment during stormy weather generating the 

wide range of concentrations observed to date. 

Cations, anions and metals concentrations reported are considered normal for a transitional environment like 

Cemlyn lagoon where saline water and freshwater mix to create a brackish environment. Cations and anions 

concentrations correlate greatly with the salinity observed, with lower concentrations reported in areas of low 

salinity and vice versa. 

Many nutrient concentrations were found below the laboratory’s minimum reportable value (MRV) or marginally 

above this value. All concentrations reported above the MRV were found in line with concentrations observed 

during the baseline period. This suggests no apparent imbalance or eutrophication of the lagoon.   

All other results reported by the laboratory (metals and organic pollutants) were compared with environmental 
quality standards (EQS) where applicable. No exceedance from annual averages or maximum allowable 
concentrations values were reported for any of the determinands analysed. Moreover, all concentrations 
reported by the laboratory are in line with ‘Good’ chemical status defined by the WFD and consistent with other 
coastal water with absence of pollution substances. 
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7. Water Quality in coastal areas around the Wylfa Newydd 
Development Area 

7.1 Introduction 

During the construction and pre-construction phase of the Wylfa Newydd Generating Station and Associated 

Development, it is anticipated that several discharges (e.g. dewatering and sewage) along the coastline around 

the development area will take place. The potential discharge areas identified (see Figure 7.1) are located in 

Porth-y-pistyll, Porth Wylfa and Cemaes.  

In order to understand and assess the current water quality and physico-chemical conditions in the areas 

aforementioned, seven sites (see Figure 7.1 and Table 7.1) were monitored monthly from May 2017 onwards, 

with the exception of September 2017 when no survey work was carried out. Although at present there is an 

ongoing monitoring programme in place, laboratory results were only available until November 2017 at the time 

this report was finalised. 

The reader must note that although Cemlyn was originally identified as a potential discharge point, it is no 

longer considered viable due to logistics, cost implications and the potential impact. 

Table 7.1 : Coastal water quality sampling locations and area associated. 

Site Target Location Area associated 

CWQ1 53.407557, -4.508179 Cemlyn stream 

CWQ2 53.412369, -4.512467 Cemlyn Bay 

CWQ3 53.410225, -4.509592 Cemlyn Bay 

CWQ4 53.413125, -4.493235 Porth-y-pistyll 

CWQ5 53.414071, -4.489482 Porth-y-pistyll 

CWQ6 53.415496, -4.467186 Porth Wylfa 

CWQ7 53.414484, -4.450246 Cemaes 

7.2 Method 

Water samples were collected at each site using a sampling bucket. At each location, a subsurface sample was 

obtained from the coast where the water depth was approximately 0.9 m. The main physico-chemical 

parameters (temperature, salinity, conductivity, dissolved oxygen and pH) were measured in situ using a 

handheld YSI
®
 or In-Situ

®
 multimeter. 

The instrument used to measure all physico-chemical parameters was calibrated and checked following a 

similar protocol to that described in Section 3.2.3. 

The chemical and biochemical determinands monitored were the same as those monitored during the 2014 

programme (February 2014 onwards). The reader should refer to Sections 3.2.1, 3.2.1.2 and 3.2.2 for the full list 

of parameters monitored. 

7.2.1 Legislative Standards 

The reader should refer to Section 3.2.4.2 for a full list of the legislation and standards that apply. The current 

EQSs applied to surfaces waters in Wales are summarised by ‘The Water Environment (Water Framework 

Directive) (England and Wales) (Amendment) Regulation 2015 (S.I. 2015 No. 1623)’ and ‘The Water 

Framework Directive (Standards and Classification) Directions (England and Wales) 2015’. 
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Figure 7.1 : Coastal water quality sites arounf Wylfa Newyyd Development Area
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7.3 Results 

All results are presented by area as identified in Table 7.1. When an area contained two sampling points the 

mean value was used for that particular area (e.g. Cemlyn Bay and Porth-y-pistyll). 

7.3.1 Physico-Chemical parameters 

A summary of the physico-chemical properties recorded in situ at each area is presented in Table 7.2 below. 

The reader should note that dissolved oxygen concentrations were not available in July and August 2017 as the 

instrument used during the survey failed to record these data. Also, the percentage of dissolved oxygen 

saturation was not available in July 2017 due to interferences with the sensor used. 

Table 7.2 : Physico-chemical properties recorded between May 2017 and December 2017 along the north Anglesey coast. 

Temperature (°C) May-17 Jun-17 Jul-17 Aug-17 Sep-17 Oct-17 Nov-17 Dec-17 

Cemlyn stream 17.90 14.35 21.59 22.36 - 11.39 11.70 3.90 

Cemlyn Bay 14.45 13.68 20.73 18.75 - 13.69 11.90 7.75 

Porth-y-pistyll 13.65 15.16 19.46 16.94 - 13.83 11.95 8.30 

Porth Wylfa 14.60 14.31 19.55 19.17 - 14.16 11.90 8.50 

Cemaes 13.70 14.17 19.70 17.85 - 14.11 12.00 8.40 

Conductivity (mS cm
-1
) May-17 Jun-17 Jul-17 Aug-17 Sep-17 Oct-17 Nov-17 Dec-17 

Cemlyn stream 37.321 10.581 11.418 30.949 - 20.350 12.132 15.262 

Cemlyn Bay 40.949  42.842 44.489 41.933 - 40.331 38.445 31.058 

Porth-y-pistyll 40.004  26.423 39.027 36.116 - 39.893 37.091 33.550 

Porth Wylfa 41.049 33.436 45.593 39.143 - 40.619 37.758 34.514 

Cemaes 40.331 41.755 32.091 41.125 - 40.120 37.682 32.144 

Salinity May-17 Jun-17 Jul-17 Aug-17 Sep-17 Oct-17 Nov-17 Dec-17 

Cemlyn stream 27.87 7.69 7.00 20.63 - 16.89 9.55 15.32 

Cemlyn Bay 33.69 36.15 32.04 32.63 - 33.78 33.54 29.73 

Porth-y-pistyll 33.52 20.74 28.52 27.75 - 33.26 32.20 31.85 

Porth Wylfa 33.65 26.99 33.46 28.73 - 33.64 32.87 32.67 

Cemaes 33.78 34.68 24.02 31.19 - 33.22 32.78 30.28 

pH May-17 Jun-17 Jul-17 Aug-17 Sep-17 Oct-17 Nov-17 Dec-17 

Cemlyn stream 7.85 7.44 7.66 8.59 - 7.92 8.22 8.17 

Cemlyn Bay 8.20 7.97 8.20 7.81 - 8.01 8.09 8.11 

Porth-y-pistyll 8.32 8.14 8.38 8.13 - 8.12 8.07 8.13 

Porth Wylfa 8.35 7.95 7.80 8.16 - 8.07 8.12 8.16 

Cemaes 8.22 8.04 8.22 8.17 - 8.09 8.14 8.16 

DO (mg L
-1
) May-17 Jun-17 Jul-17 Aug-17 Sep-17 Oct-17 Nov-17 Dec-17 

Cemlyn stream 5.93 8.26 n/a n/a - 8.31 10.32 13.32 

Cemlyn Bay 8.45 8.08 n/a n/a - 7.14 8.43 10.29 

Porth-y-pistyll 8.87 10.33 n/a n/a - 8.43 8.54 10.08 

Porth Wylfa 9.07 8.34 n/a n/a - 7.63 8.39 9.75 

Cemaes 8.46 8.31 n/a n/a - 7.61 8.69 9.87 
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DO (% Saturation) May-17 Jun-17 Jul-17 Aug-17 Sep-17 Oct-17 Nov-17 Dec-17 

Cemlyn stream 73.9 86.0 n/a 138.5 - 84.6 101.0 112.4 

Cemlyn Bay 101.9 98.9 119.8 114.9 - 84.8 96.5 104.9 

Porth-y-pistyll 105.1 118.9 145.2 113.0 - 100.0 97.0 105.5 

Porth Wylfa 109.7 97.7 102.8 110.6 - 91.4 95.6 103.1 

Cemaes 100.5 101.2 123.3 106.9 - 90.9 99.0 102.5 

7.3.2 Laboratory Analysis Results 

The mean values reported for the whole survey area (all samples collected) can be found in Appendix J. 

7.3.2.1 Physico-Chemical Determinands 

7.3.2.1.1 Organic Carbon, Total and Dissolved (TOC and DOC) 

A summary of the organic carbon concentrations reported for each area can be found in Table 7.3. When all 

coastal areas monitored (excluding Cemlyn stream) are considered as a whole, the mean TOC reported 

between May and November 2017 was 1.3 mg L
-1

 while the mean DOC was 1.11 mg L
-1

. 

Table 7.3 : Minimum, maximum and mean TOC and DOC reported between May and November 2017. 

Area monitored 

Total Organic Carbon (TOC) – mg L
-1
  Dissolved Organic Carbon (DOC) – mg L

-1
  

Minimum Maximum Mean Minimum Maximum Mean 

Cemlyn stream 4.0 9.1 5.8 3.06 8.11 5.39 

Cemlyn Bay 0.8 3.3 1.2 0.73 2.56 1.00 

Porth-y-pistyll 0.8 1.7 1.2 0.94 1.30 1.07 

Porth Wylfa 0.8 2.9 1.3 0.87 2.35 1.45 

Cemaes 0.9 1.9 1.4 0.89 1.43 1.05 

7.3.2.1.2 Biological Oxygen Demand (BOD)  

A summary of the BOD concentration reported for each area can be found in Table 7.4. Almost half of the 

samples analysed (20 out of 41) were reported as below MRV. The mean value reported for all coastal areas, 

with the exception of Cemlyn stream, was also reported as below MRV (1.00 mg L
-1

). 

Table 7.4 : Minimum, maximum and mean BOD reported between May and November 2017. 

Area monitored 

BOD (mg L
-1
) 

Minimum Maximum Mean 

Cemlyn stream 1.12 2.69 1.66 

Cemlyn Bay <1.00 1.59 <1.00 

Porth-y-pistyll <1.00 2.19 <1.00 

Porth Wylfa <1.00 1.37 <1.00 

Cemaes <1.00 1.59 <1.00 

 

7.3.2.1.3 Total Suspended Solids (TSS) 

A summary of the TSS concentration reported for each area can be found in Table 7.4.  
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Table 7.5 : Minimum, maximum and mean TSS reported between May and November 2017. 

Area monitored 

TSS (mg L
-1
) 

Minimum Maximum Mean 

Cemlyn stream 8.2 82.3 29.4 

Cemlyn Bay 4.0 19.8 9.7 

Porth-y-pistyll <3.0 10.5 6.1 

Porth Wylfa <3.0 10.4 6.5 

Cemaes <3.0 21.9 10.8 

7.3.2.2 Cations and Anions 

The mean value reported for each survey area as well as the range of values reported between May and 

November 2017 can be found in Table 7.6. Bromate concentrations were reported as below MRV (0.1 mg L
-1

) in 

all samples. 

Table 7.6 : Mean cations and anions concentrations reported for each area monitored between May and November 2017. The 

range of the concentrations reported is given in brackets. 

Area monitored 

Bromide Calcium Potassium Sodium Sulphate 

Units: mg L
-1
 

Cemlyn stream 32.1 (18.5 - 52.9) 236 (13.9 - 355) 242 (11 - 347) 5877 (305 - 9000) 1531 (75.8 - 2330) 

Cemlyn Bay 63.5 (56.1 - 68.3) 389 (351 - 419) 412 (347 - 497) 9990 (9010 - 10900) 2639 (2370 - 2770) 

Porth-y-pistyll 62.4 (56 - 66) 384 (356 - 419) 402 (353 - 477) 9904 (9180 - 10600) 2598 (2320 - 2820) 

Porth Wylfa 62.2 (55.7 - 67) 384 (368 - 399) 393 (351 - 440) 9968 (9170 - 10600) 2600 (2400 - 2790) 

Cemaes 62.1 (56.3 - 66.7) 380 (361 - 400) 395 (339 - 449) 9825 (8820 - 10700) 2593 (2370 - 2780) 

7.3.2.3 Nutrients 

Nutrients concentrations reported at each survey area were found to be relatively low and comparable to those 

concentrations reported during the baseline monitoring programme (see Section 3.3.2.3). The majority of the 

nitrogen concentrations (Table 7.7) were reported as below MRV with the exception of most samples collected 

at Cemlyn stream.  

Un-ionised ammonia concentrations (Table 7.8) were reported as below the relevant EQS in all samples. The 

highest concentration reported between May and October 2017 was 5.02 µg L
-1

 at Cemlyn stream. If only 

coastal areas are considered the highest concentration reported would have been 1.88 µg L
-1

. 

Similarly, orthophosphate and silicate (Table 7.9) concentrations reported between May and November 2017 

were found to be relatively low and comparable to those concentrations reported for the area during the 

baseline monitoring programme. 

Table 7.7 : Mean nitrogen concentrations reported in its different forms at each monitored area between May and November 

2017. 

Area 

monitored 

Nitrogen (as N) 

Total organic 

Nitrogen (as N) 

Ammoniacal 

nitrogen (as N) 

Dissolved 

inorganic 

nitrogen (as N) 

Total oxidised 

nitrogen (as N) Nitrite (as N) 

Units: mg L
-1
  

Cemlyn stream 1.63 <0.933 0.10 0.909 0.83 0.0174 

Cemlyn Bay 0.17 <0.980 <0.02 <0.120 <0.10 <0.0040 
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Area 

monitored 

Nitrogen (as N) 

Total organic 

Nitrogen (as N) 

Ammoniacal 

nitrogen (as N) 

Dissolved 

inorganic 

nitrogen (as N) 

Total oxidised 

nitrogen (as N) Nitrite (as N) 

Units: mg L
-1
  

Porth-y-pistyll 0.19 <0.980 <0.02 <0.120 <0.10 <0.0040 

Porth Wylfa 0.24 <0.980 <0.02 <0.120 <0.10 <0.0040 

Cemaes 0.25 <0.980 <0.02 <0.120 <0.10 <0.0040 

Table 7.8 : Mean un-ionised ammonia concentrations reported at each area between May and November 2017. The range of the 

concentrations reported is given in brackets. 

Area monitored Un-ionised ammonia (as N) in µg L
-1
 (EQS = 21 µg L

-1
) 

Cemlyn stream 2.428 (0.729 - 5.020) 

Cemlyn Bay <0.680 (<0.237 - <1.700) 

Porth-y-pistyll <0.869 (<0.451 - <1.880) 

Porth Wylfa <0.836 (<0.474 - <1.220) 

Cemaes <0.785 (<0.548 - <1.210) 

Table 7.9 : Mean orthophosphate and silicate concentrations reported at each survey area between May and November 2017. 

Area monitored 

Orthophosphate  Silicate (as SiO2) 

Units: mg L
-1
  

Cemlyn stream 0.017 3.22 

Cemlyn Bay 0.012 0.20 

Porth-y-pistyll 0.012 0.39 

Porth Wylfa 0.015 0.42 

Cemaes 0.014 0.46 

7.3.2.4 Metals 

All metals concentrations reported between May and November 2017 at each survey area were found below the 

relevant EQSs. Moreover, a number of metals (selenium, cobalt, tin, iron, vanadium and the dissolved fraction 

of mercury) were reported below the laboratory MRV in all samples. Cadmium, chromium and the total fraction 

of mercury were also reported as below MRV in most samples, with very few exceptions. Cadmium was 

reported marginally above MRV in one sample collected in Cemlyn stream in May 2017, chromium was reported 

marginally above MRV in three samples (highest concentration reported above the MRV was 0.914 µg L
-1

 in a 

sample collected in June 2017 in Cemlyn Bay) while the total fraction of mercury was reported marginally above 

MRV in one sample collected in Porth-y-pistyll in November 2017.  

Similarly, manganese was reported below the MRV in most samples collected, however most of the samples 

collected at Cemlyn stream were reported above this value, with concentrations reported between <20 µg L
-1

 

and 87.7 µg L
-1

. The mean value observed in Cemlyn stream was 49.6 µg L
-1

. Manganese concentrations 

reported in all others samples were found below MRV with the exception of two samples reported marginally 

above this value (one in Cemlyn Bay and one in Porth-y-pistyll). 

A summary of all other metals concentrations reported between May and October 2017 can be found in Table 

7.10. 
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Table 7.10 : Mean metals concentrations reported above MRV at each site. The range of concentrations reported between May 

and November 2017 are presented in brackets. 

Area monitored 

Arsenic Copper Lead Nickel Zinc Boron 

Units: µg L
-1
  

Cemlyn stream 
0.65 

(<1.00 - 1.27) 

1.407 

(0.816 - 2.42) 

0.065 

(<0.040 - 0.124) 

0.950 

(0.826 - 1.12) 

3.072 

(0.519 - 5.870) 

2494 

(<700 - 3790) 

Cemlyn Bay 
1.40 

(1.24 - 1.58) 

0.669 

(0.477 - 1.24) 

0.041 

(<0.040 - 0.09) 

0.471 

(0.323 - 1.2) 

2.143 

(0.779 - 4.640) 

3575 

(<700 - 4530) 

Porth-y-pistyll 
1.27 

(<1.00 - 1.47) 

0.624 

(0.486 - 0.809) 

0.038 

(<0.040 - 0.158) 

0.381 

(<0.300 - 0.843) 

1.963 

(0.734 - 3.470) 

3839 

(<700 - 4540) 

Porth Wylfa 
1.25 

(<1.00 - 1.53) 

0.668 

(0.466 - 1.18) 

0.031 

(<0.040 - 0.063) 

0.377 

(<0.300 - 0.653) 

2.398 

(1.070 - 4.960) 

4192 

(3950 - 4350) 

Cemaes 
1.33 

(1.22 - 1.4) 

0.795 

(0.653 - 1.02) 

0.031 

(<0.040 - 0.0601) 

0.408 

(0.340 - 0.597) 

2.18 

(1.690 - 3.290) 

4142 

(3900 - 4380) 

7.3.2.5 Organic Compounds 

The majority of organic compounds monitored between May and November 2017 (TPHs, PAHs, PCBs, VOCs 

and Phenols) were reported as below the MRV in all samples collected. However, several exceptions were 

reported. Compounds reported above the MRV (fluorene, naphthalene, phenanthrene, phenols 

dimethylphenols, methylphenols, benzene, 1,2-dimethylbenzene, 1,2,4-trimethylbenzene, 

bromodichloromethane, tribromomethane, chlorodibromomethane, trichloromethane, dimethylbenzene, 

ethylbenzene, toluene and di-2-ethylhexyl phthalate) were found at concentrations marginally above the MRV, 

in all cases well below their relevant EQS. 

Generally, detection of most compounds aforementioned was limited to very few samples. The exceptions were 

phenol and tribromomethane, detected more regularly between May and November 2017. The maximum phenol 

concentration reported was 0.243 µg L
-1

, while the maximum concentration reported for tribromomethane was 

0.75 µg L
-1

. It must be noted that phenol is expected to be widely detected as this compound is widely used 

industrially and widely available. In the case of tribromomethane, this particular compound was detected in the 

majority of samples collected in Porth-y-pistyll and occasionally elsewhere.  

7.3.2.6 Cyanide 

All results were reported below their MRV (0.5 mg L
-1

 for total cyanide as CN and 0.005 mg L
-1

 for free cyanide 

as CN). 

7.4 Discussion 

Temperature values recorded within Cemlyn Bay, Porth-y-pistyll, Porth Wylfa and Cemaes between May and 

December 2017 were found within the expected values when compared with previous data collected during 

baseline surveys. Similarly, salinity values recorded between May and December 2017 also are comparable to 

those recorded during the baseline period. Physico-chemical properties recorded in Cemlyn stream, particularly, 

temperature, conductivity and salinity corresponded to a greater freshwater input. 

DO values recorded in all areas are ‘High’ according with current WFD classification. The minimum DO 

concentration recorded was 5.93 mg L
-1

 in Cemlyn stream in May 2017. If only coastal areas are considered, 

the minimum concentration would be 7.14 mg L
-1

 in Cemlyn Bay in October 2017. 

The mean suspended solids (as total) concentrations reported between May and November 2017 classified the 

coastal area as ‘clear’ or ‘intermediate turbid’ water under WFD criteria. 
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Cations, anions and metals concentrations reported in all coastal areas, are considered normal and in line with 

the data gathered during the baseline period.  

Most nutrient concentrations were found below the laboratory’s minimum reportable value (MRV) or marginally 

above this value. 

The vast majority of organic compounds were reported to be below the MRV, however several compounds were 

occasionally reported above. In particular, tribromomethane was detected more regularly between May and 

November 2017. This compound was detected in the majority of samples collected in Porth-y-pistyll and 

occasionally elsewhere with a maximum concentration reported of 0.75 µg L
-1

.  

All results reported by the laboratory were compared with environmental quality standards (EQS) where 
applicable. No exceedance from annual averages or maximum allowable concentration values were reported for 
any of the determinands analysed. Moreover, all concentrations reported by the laboratory are in line with 
‘Good’ chemical status defined by the WFD and consistent with other coastal water with absence of pollution 
substances. 
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8. Phytoplankton 

8.1 Introduction 

This section presents the results of the phytoplankton surveys undertaken between May 2010 and September 

2014, encompassing: 

 two full years of the monitoring programme (May 2010 – April 2012) for the original five sampling sites 

(Sites 1 to 510);  

 an additional 14 months of data (August 2011 – October 2012) for Site 6 only, which was located 

within 500 m of the CW intake proposed location at Porth-y-pistyll and 

 seven months of data (March – September 2014) for the revised sampling sites (Sites 2, 4, 6 and 7); 

Site 7 was located in Cemlyn Bay, just west of Porth-y-pistyll. 

Sampling sites were selected to fall within either near-, mid- or far-field zones in relation to the Wylfa Newydd 

Generating Station. These zones are defined by the dominant physical mixing processes of the CWS discharge 

with the ambient waters and are defined by EA (2010). The near-field is determined by the initial momentum 

and buoyancy of the CWS discharge; the mid-field by dilution and turbulent mixing by tides and winds; and the 

far-field only by residual currents and weather conditions as buoyancy and temperature differences from 

ambient are negligible (EA, 2010). In reality these zones are in a constant state of flux caused by prevailing tidal 

and weather conditions. The sampling sites reported here were selected based on early Delft3D modelling of 

the predicted CWS discharge and its consequential plume dispersion. Revised Delft3D thermal and 

hydrodynamic modelling being undertaken for the latest design of the Wylfa Newydd Generating Station is 

expected to demonstrate the continued validity of the selected sites. 

Sampling was carried out on a monthly basis until October 2012, encompassing full seasonal variations of 

phytoplankton communities and pigments around the north Anglesey coast. In 2014 samples were collected 

monthly during the phytoplankton growing period (March – September). Due to the large tidal excursion, 

samples were collected at sites during neap and spring tidal cycles, and over flood, ebb and slack tides. 

8.2 Methods 

8.2.1 Survey Methodology 

All surveys followed methods agreed with relevant stakeholders and statutory regulators prior to surveying. 

Phytoplankton samples were initially collected each month (except December 2011, due to adverse weather 
conditions), with an interval of at least ten days between sampling collections. All sites were sampled on both 
flood and ebb tides between May 2010 and October 2012, with the exception of November 2011 and January 
2012 when it was considered that one sample per site at either ebb or flood would be sufficient due to the very 
low plankton activity observed during these months. Sampling continued for two full years at the original five 
sites until April 2012 inclusive. Site 6 was introduced in August 2011 to monitor the area in the proximity of the 
CW intake proposed location. Sampling at Site 6 continued until October 2012 in order to acquire at least 12 
months’ data for this site. Phytoplankton sampling resumed from March 2014 until September 2014 at Sites 2, 
4, 6 and the newly introduced Site 7, at one random tidal state. The survey dates are detailed in Table 2.1.  
 
As with the water quality sampling, surveys took place on board the vessel ‘SeeKat C’. The locations of the 
sample sites were identical to the water quality sites listed in Table 2.2 and shown in Figure 2.1.  

8.2.2 Sampling Methodology 

Water samples were analysed for chemical and biological parameters as described in Section 3. Samples for 

biological parameters were collected using an integrated water sampling technique (Lund tube), which allows 

collection of water samples from across a depth range (surface to 10 m depth). 

                                                      
10  All sampling sites are coincident with those of the WQ surveys and are numbered the same. However, the prefix WQ has been removed. 
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Each water sample was homogenised and split into two sub-samples to allow for phytoplankton species 

identification and pigment analyses. The pigment sub-samples were analysed for a full pigments suite using 

High Performance Liquid Chromatography (HPLC); in 2014 these samples were analysed for chl-a only. 

Phytoplankton samples for species identification were stored in 250 mL PET bottles, labelled with Site, Tide, 

Date and Time and preserved with concentrated Lugol’s Iodine solution (approximately 1 mL) to give a light 

orange colour. The samples were then wrapped in tin foil and stored in a cool, dark place to prevent degradation 

prior to analysis. 

Between May 2010 and October 2012, water was collected in three 1 L PET bottles at each site and tidal state 

for HPLC analysis. Water samples were then refrigerated and transported back to the Jacobs Southampton 

Laboratory for filtration. The samples were homogenised and filtered through a 47 mm GFC filter using an 

electric vacuum pump; a minimum of 2 L was passed through each filter paper; representing one sample. The 

filter paper was then folded in half (sample sides together) before being wrapped in tin foil and frozen. Each 

sample was clearly labelled with the amount of water filtered so that accurate calculations of pigment 

concentrations could be made. The filter samples were then transported to the National Oceanography Centre 

(NOC), University of Southampton for analysis. In 2014, at each site water was collected in a 1 L green PET 

bottle and transported to an accredited laboratory within 24 hrs for chl-a analysis. 

Alongside phytoplankton sampling, physico-chemical parameters were collected using the methods described in 

Section 3.2.3. 

8.2.3 Sample Analysis 

8.2.3.1 Species Identification Method 

Phytoplankton taxonomic analysis to species level (or as high taxonomic resolution as practically possible) was 

undertaken following the Utermöhl or Inverted Microscope method (Lund et al., 1958). 

A 25 mL sedimentation chamber consisting of a clear plastic cylinder, a metal plate, a glass disposable 

coverslip base plate and glass cover plate was used (see Figure 8.1). The chamber was prepared by placing a 

coverslip base plate at the bottom of the metal plate and screwing the plastic cylinder into the ring. 

The sample for analysis was mixed by slowly inverting the bottle up and down about 100 times and not by 

shaking the bottle, so as to avoid the formation of air bubbles. 

The chamber was then placed on a level surface and filled with the mixed sample until it started to overflow. A 

cover slip was placed over the chamber by sliding it from the side, so that the excess volume of water was 

discarded. The chamber was then allowed to settle for at least 10 hrs or overnight, without being disturbed. 
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Figure 8.1 : Sedimentation counting chamber. 

All analysis was completed using an inverted microscope. Initially a check was made at x100 magnification (x10 

objective) to ensure distribution of organisms was even throughout the chamber. 

Most identification was carried out at x200 magnification by scanning the whole chamber in a left to right motion. 

In the case of very abundant organisms only half of the chamber was counted, whereas smaller organisms were 

identified at x400 magnification.  The number of cells counted was scaled up and presented as cells L
-1

. 

Phytoplankton was identified to the highest possible level according to contemporary standard taxonomic lists; 

in most cases identification was at genus or species level. Ciliates and tintinnids were also counted, even 

though these are microzooplankton, as they form an important link between phytoplankton and 

macrozooplankton and are too small to enumerate using macrozooplankton methods. 

The accuracy of the counts was ±20% if 100 individuals were counted and less than ±10% if 400 or more 

individuals were counted (Lund et al., 1958). 

8.2.3.2 High Performance Liquid Chromatography (HPLC) Method 

HPLC analysis was undertaken at NOC, University of Southampton. Each filter paper was treated with 90% 

acetone and individually subjected to sonication (application of sound energy to break up phytoplankton cells). 

The sample was then filtered through 0.2 μm filter paper into prepared sample vials and loaded immediately into 

an autosampler. The HPLC analytical system was set up for the Gibbs method and analysed using ChromQuest 

software for chromatographic traces. 

8.2.3.3 Chl-a Analysis 

In 2014, chl-a analysis was undertaken at National Laboratory Services, Starcross. The water sample was 

filtered through a GFF (Glass Fibre Filters) filter paper and chl-a extracted in acetone overnight. Chl-a was 

measured in the acetone using a fluorometer. 

8.2.4 Data Analysis 

As part of the analysis of results, multivariate statistical tests were performed using PRIMER 6TM (Clarke and 

Gorley, 2006). 
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8.2.4.1 Community Analysis 

The community analysis used a multivariate approach, where each taxonomic level (species, genus) or 

phytoplankton group (see Appendix K, Table K.1 for a taxonomic list) was treated as a separate variable, 

enabling an assessment of complex patterns within large datasets. The multivariate analysis compared 

differences between all species (or each of the other taxonomic levels or phytoplankton groups) and their 

relative abundances between samples and sites. The analysis allowed identification of samples with similar 

communities. 

All data were square root transformed to remove skew and down-weight the influence of numerically dominant 

taxa. Similarity matrices were created based on Bray-Curtis similarity which is suitable for biotic data (Clarke 

and Gorley, 2006). 

A two-way crossed ANOSIM (analysis of similarity) for no replicates was used to test for differences between 

samples taken on the same survey, whereas a two-way crossed ANOSIM was used to compare seasons and 

monitoring years. The two-way crossed ANOSIM only compares similarities between samples within the same 

level of the second factor, therefore it is appropriate to use when there is need to separate seasonal from spatial 

variation or seasonal from year-on-year variation (i.e. difference in the same season from year to year and 

differences between seasons of the same year). This approach can be viewed as a non-parametric version of a 

multivariate ANOVA (MANOVA) (Clarke and Gorley, 2006). The ANOSIM was carried out on Bray-Curtis 

matrices of the different taxonomic levels, with 999 permutations, using season (spring, summer, autumn, 

winter), monitoring years (1 to 5), sites and tide as factors. 

To further investigate and visualise differences in communities across factors (months, seasons, monitoring 

years), non-metric Multidimensional Scaling (MDS) (25 restarts, Kruskal fit) was carried out on the Bray-Curtis 

similarity matrix. MDS constructs a sample ‘map’ whose distances reflect statistically tested ‘true’ differences 

between the sites. Put simply, the closer a sample is to another sample on the ordination plot the more similar 

the samples are to each other. 

Where ANOSIM found significant differences, a SIMPER test was used to investigate which individual taxa were 

driving the Bray-Curtis similarity within groups and dissimilarity between these groups. The test ranks, in order 

of importance, each taxon by calculating their overall percentage contribution to the average dissimilarity 

between each group. The Bray-Curtis similarity (or dissimilarity) coefficient takes values between 0 (total 

dissimilarity) and 100% (total similarity). 

In addition to the multivariate analysis, univariate data analysis which concentrated complex ecological data into 

a single metric, such as Shannon-Wiener diversity, was also performed. 

The average species (or taxa) richness (S) and Shannon-Wiener diversity index (H’) were calculated for each 

survey month. Species or taxa richness is simply the total number of species (or taxa) whereas Shannon-

Wiener diversity provides a measure of species/taxa diversity by incorporating both species richness and 

equitability components, i.e. how evenly the individuals are distributed among the different species/taxa. The 

value of Shannon-Wiener diversity is increased either by the addition of more species or by having a greater 

species evenness. 

8.2.4.2 Pigment Analysis 

Pigment analysis only included 2010 – 2012 HPLC data as in 2014 samples were analysed for chl-a only. Prior 

to statistical analysis, all pigment data were log(x+1) transformed to remove skew and down-weight the influence 

of numerically dominant variables. Similarity matrices were created based on Euclidean distance which is 

appropriate for abiotic data (Clarke and Gorley, 2006). 

ANOSIM testing was used to detect differences between sites, tidal states, months, seasons and monitoring 

years. 

A correlation-based Principal Components Analysis (PCA) was used to assess the pigment data and their 

distribution between sites, tides, seasons and months. PCA is an appropriate multivariate statistical approach to 
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assessing environmental variables, where zero values do not need to be treated in a special way and ‘joint 

absences’ should not be ignored (Clarke and Warwick 2001), as is the case with species abundance data.  

The principle of PCA is to create new variables which explain as much of the information in the dataset as 

possible. These new variables, known as principal components, are linear combinations of the original ones. 

The first principal component (PC1) is chosen to explain the largest possible amount of the information in the 

data; the second principal component (PC2) is designed to be as different from the first as possible and explain 

the second largest amount of information; and so on. The amount of information explained by each principal 

component is called an eigenvalue, whereas eigenvectors are the linear combinations of the original variables 

and describe how variables contribute to each principal component. The PCA plots and tables should be read 

together for best understanding of the analysis output. 

8.3 Results 

A two-way crossed ANOSIM analysis (no replicates) using site/tide and month/year as factors, indicated that 

there were no statistically significant differences in phytoplankton community structure between samples taken 

at different sites and tides in any one survey (Global R = 0.000, p = 0.485). Therefore, all samples taken during 

each monthly survey have been considered as replicates for that specific month for the survey area. 

8.3.1 Community Analysis 

8.3.1.1 General Observations 

A total of eight phyla consisting of 13 classes and 36 orders have been recorded off north Anglesey. In total, 84 

species belonging to 53 genera have been identified, with an additional 24 identified to genus level. 

A full taxonomic list of phytoplankton off north Anglesey (including ciliates and tintinnids) identified between May 

2010 and October 2012 inclusive is given in Appendix K0 (Table K.1). It should be noted that a number of 

phytoplankton species as well as families, classes and phyla have recently changed names and therefore the 

most up to date names, as of November 2014, are listed in this report. The synonymous names are given 

alongside the latest accepted nomenclature (WoRMS Editorial Board, 2015) (Appendix K(Table K.1)). 

A number of cells could not be identified to species/genus level, so these were placed in one of the following 

groups: 

 armoured and naked dinoflagellates; 

 centric and pennate diatoms; 

 smooth and spiny dinoflagellate cysts;  

 ciliates; 

 coccolithophorids; 

 cryptophytes; 

 cyanophytes;  

 prasinophytes; 

 prymnesiophytes; 

 raphidophytes; 

 microflagellates; and,  

 tintinnids.  

These groups were used together with the 84 species and 77 genera in the statistical community analysis. 

Diatoms (phylum Ochrophyta) were the most abundant group. Diatom abundance peaked during June in 2010 

and 2014, and during May in 2011 and 2012. The highest cell densities were observed in May 2011 
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(80,092 cells L
-1

) and were double the densities of May 2012 (39,240 cells L
-1

), quadruple those of June 2010 

(22,284 cells L
-1

) and 1.5 times those of June 2014 (52,430 cells L
-1

) (Figure 8.2). 

Dinoflagellates (phylum Myzozoa) were the second most abundant group and peaked at the same time as 

diatoms in 2010 (2,173 cells L
-1

) and 1-2 months later in 2011, 2012 and 2014; however, their maximum 

abundance was one to two orders of magnitude lower than that of diatoms. 

Other phytoplankton groups appeared at low abundances throughout the monitoring period, with the exception 

of a peak in prymnesiophyte abundance, dominated by Phaeocystis globosa, observed during May 2010 (2,187 

cells L
-1

) (Figure 8.2). The microzooplankton groups of ciliates and tintinnids were also observed at low densities 

(up to 747 and 380 cells L
-1

, respectively). Microflagellates were observed only once during the monitoring 

period, at very high abundances, in April 2012 (280,418 cells L
-1

) (Figure 8.2). 

Figure 8.3 shows the main phytoplankton genera contributing to total phytoplankton abundance (excluding 

microflagellates); on average, 18 genera cumulatively accounted for 81% of total abundance. Rhizosolenia was 

the dominant genus in June 2010, whereas, Guinardia dominated the phytoplankton abundance peaks in spring 

2011, 2012 and 2014. The 2012 spring peak was followed by high abundances of Leptocylindrus later in the 

summer. Paralia was the most abundant genus during autumn and winter months (although winter months were 

only sampled in 2011 and 2012). 
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Figure 8.2 : Average monthly abundance of phytoplankton groups. Note the different scales. ‘Others’ includes prymnesiophytes, cryptophytes, cyanophytes, dictyochophytes, chrysophytes, 

euglenophytes, chlorophytes, prasinophytes and raphidophytes. Phytoplankton samples were not taken in December 2011 (*) or in 2013 (**). 
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Figure 8.3 : Main phytoplankton genera contributing on average 81% to total phytoplankton abundance (excluding microflagellates). Phytoplankton samples were not taken in December 2011 (*) or in 

2013 (**).
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Phytoplankton taxa richness (S) and Shannon–Wiener diversity index (H’), were calculated using whole 

community data. Both of these indices fluctuated during the monitoring period (Figure 8.4), with highest diversity 

(H’) observed during late spring and summer and lowest during winter. Taxa richness was the highest in June 

2012 (35.5), when the highest Shannon–Wiener diversity was also observed (2.9). This was based, however, on 

only two samples from Site 6 located in Porth-y-pistyll. Looking at the months where more than one site was 

sampled, highest taxa richness and Shannon–Wiener diversity were observed in July and August 2014, (values 

of 33.5 and 2.8 respectively). As the Shannon–Wiener diversity is an indicator of taxa richness as well as 

evenness of the abundance between taxa, this means that the summer months following the spring peak in 

phytoplankton abundance in each year had the highest number of taxa recorded with relatively low dominance 

by any of these taxa. This is confirmed by the phytoplankton composition shown in Figure 8.3. In contrast, the 

lowest taxa richness was observed during the winter months (ranging between 9 and 17). In winter 2012, 

Shannon–Wiener diversity was also especially low (1.0 – 1.3), indicating a small number of taxa largely 

dominated by one of these taxa. Indeed, the winter months were dominated by the genus Paralia (Figure 8.3). 
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Figure 8.4 : Taxa richness and Shannon-Wiener diversity index for each month of the monitoring programme, displayed as 

median values, with the 25th and 75th percentiles as error bars. Phytoplankton samples were not taken in December 2011 (*) or 

in 2013 (**). Error bars not displayed between May 2012 and October 2012 as only Site 6 was sampled (two samples taken). 

Multivariate statistical analysis of whole community data between May 2010 and September 2014 also showed 

some differences between the phytoplankton community of the spring and summer months compared to that of 

autumn and winter. The 3-D MDS plots (Figure 8.5) show a degree of seasonal separation, with some overlap 

between consecutive months and seasons. Moreover, there was clustering between the samples that was not 

associated with seasonal or year-on-year differences, and was due to differing abundance of diatoms in the 

samples (Figure 8.5; 2-D plot). No differences were evident between the first two monitoring years, although 

monitoring years three and five seemed to cluster closer together and were associated with high diatom 

abundances. This was probably due to the absence of winter samples, with predominantly low abundance of 

diatoms. 

A two-way crossed ANOSIM analysis of the phytoplankton communities indicated a degree of seasonal 

differences (Global R = 0.463, p = 0.001) as well as some differences between the same season of different 

years (Global R = 0.351, p = 0.001), in agreement with the MDS analysis. Pairwise comparisons suggested 

greater differences between spring and other seasons and also between summer and winter (Table 8.1), in 

agreement with the results of MDS analysis. Pairwise comparisons between years suggested greater 

differences between years 2010 and 2012 and between year 2014 and previous years (Table 8.1). 
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Table 8.1 : Pairwise comparisons of seasons across monitoring years and monitoring years across seasons (two-way crossed 

ANOSIM). 

ANOSIM pairwise tests 

Groups (seasons) R P Groups (monitoring years) R P 

Spring, summer 0.401 0.001 2010, 2011 0.357 0.001 

Spring, autumn 0.529 0.001 2010, 2012 0.501 0.001 

Spring, winter 0.627 0.001 2010, 2014 0.409 0.001 

Summer, autumn 0.360 0.001 2011, 2012 0.304 0.001 

Summer, winter 0.646 0.001 2011, 2014 0.483 0.001 

Autumn, winter 0.290 0.001 2012, 2014 0.447 0.001 

A SIMPER analysis was used to determine which phytoplankton taxa were responsible for the differences 

observed between different seasons and the same season of different years; the analysis output is detailed in 

Appendix K Table K.2 and Table K.3.  

SIMPER analysis indicated that high densities of the genus Guinardia during spring and, to a lesser extent, 

Lauderia were responsible for differences between spring and all other seasons, when the densities of these 

genera were significantly lower. Differences between summer and other seasons were due to a contribution to 

dissimilarity of a number of species rather than one or two. During summer, Leptocylindrus and Rhizosolenia 

densities were relatively high compared to other seasons, whereas autumn and winter were characterised by 

high densities of Paralia. This is in agreement with the pattern described in Figure 8.3. 

Differences between years 2010 and 2012 were mainly due to higher abundances of the genera Paralia, 

Guinardia, Lauderia and Ceratoneis in 2012 compared to 2010. Differences between year 2014 and previous 

years were largely due to differing densities of the same abundant species/genera. Abundances of the genera 

Paralia and Ceratoneis were generally higher in 2014, whereas species of Guinardia were less abundant in 

2014 than in 2011 and 2012, but more abundant than in 2010. Leptocylindrus densities were also higher in 2014 

than in previous years. 
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Figure 8.5 : 3-Dimensional MDS plots (stress 0.17) of phytoplankton whole community data between May 2010 and September 2014, displaying months (top left), seasons (top right) and years 

(bottom left), and 2-dimensional plot (stress 0.22) (bottom right) of the same data with diatom abundance superimposed as a bubble plot. 
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8.3.2 Pigment Analysis (HPLC) 

ANOSIM analysis of the 2010 - 2012 pigment data indicated that there were no statistically significant 

differences in phytoplankton pigment distribution between sites (ANOSIM; Global R = 0.031, p = 0.004) or tidal 

states (ANOSIM; Global R = -0.026, p = 1). Therefore, as with phytoplankton taxa composition, all samples 

taken during each monthly survey have been considered as replicates for that specific month. 

8.3.2.1 General Observations 

All HPLC and 2014 chl-a results are listed in Appendix K (Table K.4 and Table K.5). Thirteen pigments were 

detected in total. Of these, chl-a and fucoxanthin were present at the highest concentrations (max. monthly chl-a 

average concentration 2903 ng L
-1

 in 2010-2012 observed in May 2012; Figure 8.6) and in all samples between 

May 2010 and October 2012. Chl-a concentrations were higher in 2014, reaching a maximum monthly average 

concentration of 6400 ng L
-1

 in May 2014 (Figure 8.6). 
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Figure 8.6 : Average monthly concentration of phytoplankton pigments. Pigment samples were not taken in December 2011 (*) 

or in 2013 (**). Only chl-a was sampled in 2014. 
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All other pigments were present at lower concentrations (max. monthly average concentration 136 ng L
-1

 in May 

2012, Figure 8.6). Beta-carotene, alloxanthin, chlorophyll b and divinyl chlorophyll were present in at least a 

third of the samples, whereas the rest of the pigments occurred only occasionally over the 30-month period 

(May 2010-Oct 2012). 

Fucoxanthin and chl-a concentrations peaked during the spring months, divinyl chlorophyll during the spring and 

summer months and chlorophyll b during the summer and autumn months (Figure 8.6). 

8.3.2.2 Statistical Analysis 

Only the 2010-2012 data were used in statistical analysis as in 2014, only chl-a was sampled. Overall, 51% of 

the variation in the data was explained by the first two axes of the PCA ordination (Appendix K, Table K.6 and 

Figure 8.7). The first axis (PC1) was clearly dominated by chlorophyll b to which it was negatively correlated 

(eigenvector = -0.806), and the second axis (PC2) by divinyl chlorophyll to which it was positively correlated 

(eigenvector = 0.790). This suggests that despite the fact fucoxanthin and chl-a were the most abundant 

pigments, they were not responsible for differences within the data. This could be due to these two pigments 

being ubiquitous in the samples. Where differences occurred, they appeared to be mainly the result of temporal 

changes in chlorophyll b(chl-b) and divinyl chlorophyll. The third PCA axis (perpendicular to PC1 and PC2) 

explained an additional 11% of variation in the data and was positively correlated to alloxanthin (Appendix 

K,Table K.6 and Figure 8.7). 

The winter months were largely clustered at the bottom of the ordination indicating low levels of both chlorophyll 

b and divinyl chlorophyll, with little variation between samples (Figure 8.7 - Figure 8.9).  

During March and April the levels of divinyl chlorophyll increased dramatically and high concentrations were 

sustained into the summer months June and July. Chl-b levels started to increase in May and continued to 

increase during summer (Figure 8.7 - Figure 8.9). 

By August there was a pronounced change with a dramatic decrease in divinyl chlorophyll, while chl-b remained 

high. The clustering of sites from August, September, October and November within the bottom left of the plot 

suggests this trend remained consistent from late summer through to autumn. It was not until winter (December) 

that levels of chl-b declined significantly (Figure 8.7 - Figure 8.9). 

Alloxanthin gradually increased in spring and peaked in summer and autumn before declining in late autumn 

and winter (Figure 8.10).  

This analysis suggests that the temporal changes throughout each year can be broadly summarised into four 

phases (Table 8.2), albeit with some degree of overlap during spring and early summer. 

Table 8.2 : Classification of monthly temporal trends as defined by varying levels of chlorophyll b and divinyl chlorophyll 

Chlorophyll b Divinyl Chlorophyll Alloxanthin Months 

Low Low Low December, January, February, March, April 

Low High High March, April, May, June 

High High High June, July 

High Low High August, September, October, November 
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Figure 8.7 : PCA plot of phytoplankton pigment data displaying survey months as a factor. Seasons are displayed as labels 

(sp = spring, su = summer, au = autumn, wi = winter). 
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Figure 8.8 : PCA plot of phytoplankton pigment data with superimposed bubble plot displaying chlorophyll b concentration. 

Seasons are displayed as labels (sp = spring, su = summer, au = autumn, wi = winter). 
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Figure 8.9 : PCA plot of phytoplankton pigment data with superimposed bubble plot displaying divinyl chlorophyll 

concentration. Seasons are displayed as labels (sp = spring, su = summer, au = autumn, wi = winter). 
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Figure 8.10 : PCA plot of phytoplankton pigment data with superimposed bubble plot displaying alloxanthin concentration. 

Seasons are displayed as labels (sp = spring, su = summer, au = autumn, wi = winter). 

The seasonal patterns described above are supported by the results of ANOSIM analyses. Significant 

differences were found between months and seasons, although with a degree of overlap, and small differences 

between the same seasons of different monitoring years (Table 8.3). Pairwise comparisons indicated significant 

but small differences between the same seasons of 2010 and 2011 (R = 0.163, p = 0.001), however, larger 

significant differences were found between years 2010 and 2012 (R = 0.465, p = 0.001) and years 2011 and 

2012 (R = 0.535, p = 0.001). These differences are most likely the result of only one site sampled during the 

majority of year 2012. 

Table 8.3 : Results of ANOSIM analysis to assess whether measured phytoplankton pigments differed significantly between 

sites, tides, seasons, months and years. 

Factor ANOSIM type Global R P-value 

Site One-way 0.031 0.004 

Tide One-way -0.026 1 

Month One-way 0.445 0.001 

Season (across the same year) Two-way crossed 0.432 0.001 

Year (across the same seasons) Two-way crossed 0.272 0.001 
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8.4 Discussion 

The results presented in this report suggest there was little difference in the phytoplankton abundance and 

community composition between tidal states and between the different sites sampled along the north Anglesey 

coast.  

Changes both in phytoplankton abundance and community composition exhibited, as expected, seasonality 

driven by changes in the light and nutrient regime in the water column. Seasonal changes in phytoplankton 

observed during the monitoring period were similar to those reported in other studies. The start of the 

phytoplankton production period in the Irish Sea is characterised by a spring bloom with a peak between March 

and May (Gowen and Stewart, 2005; Gowen et al., 2008); in this study a slightly later peak in abundance has 

been observed off north Anglesey (in May/June). However, maximum phytoplankton abundance during spring 

and summer (typically up to approximately 81,000 cells L
-1

, with a maximum of around 300,000 cells L
-1

 on one 

occasion only in April 2012) was much lower than that observed in the north-east Irish Sea (>800,000 cells L
-1

; 

Kennington et al., 1999) and Liverpool Bay (>10 million cells L
-1

; Gowen et al., 2000). The maximum 

phytoplankton abundances reported during the monitoring period do not indicate bloom concentrations under 

WFD (bloom threshold >10
6
 cells L

-1
). 

Low phytoplankton abundance was also mirrored in the low chl-a concentrations observed during the monitoring 

period; average values during the spring peak in abundance did not exceed 6.4 mg m
-3

 (max. 8.2 mg m
-3

). Chl-a 

values were also below the indicator value for chl-a bloom under WFD (bloom threshold >10 µg L
-1

 or mg m
-3

). 

These values are particularly low compared to Liverpool Bay (up to 43.9 mg m
-3

 during 2003 – 2005) and 

western Irish Sea (up to 15 – 20 mg m
-3

 during 1992 – 2004) (Gowen et al., 2008). However, reported values for 

the eastern Irish Sea were also quite low (up to around 6 mg m
-3

 during 2001 – 2003) (Gowen et al., 2008). 

Liverpool Bay is considered to be the most productive region of the Irish Sea, due to the nutrient-rich freshwater 

inputs from the Conwy, Dee, Mersey and Ribble estuaries (DEFRA, 2000), and phytoplankton blooms are a 

regular occurrence in this region (CMACS, 2006). The timing of these blooms is dependent on underwater light, 

climate and turbulent mixing (Greenwood et al., 2011). The north Anglesey coast is outside the influence of this 

nutrient-rich freshwater plume, and the nutrient data do not suggest nutrient enrichment (see Sections 3.3.2.3 

and 3.4 for nutrient values) hence it was not expected to encounter phytoplankton densities as high as in other 

areas of the Irish Sea. 

Diatoms were the most abundant phytoplankton group for the majority of the monitoring period. They generally 

dominated the spring phytoplankton peak abundance in all four years of the monitoring programme, in 

agreement with other observations from the Irish Sea (Gowen and Stewart, 2005). However, other groups such 

as microflagellates can represent an important component of the spring bloom (e.g. in 1997; Gowen and 

Stewart, 2005) and have numerically dominated the spring bloom in the past (e.g. in 2001; Gowen and Stewart, 

2005). This was also observed in May 2010, when Phaeocystis globosa contributed the same as diatoms (38%) 

to the total phytoplankton abundance, and also in April 2012 when microflagellates were observed in very high 

abundances, dominating the spring phytoplankton peak abundance. 

The high abundance of prymnesiophytes, predominantly P. globosa, in May 2010 (average around 

2200 cells L
-1

) preceded the phytoplankton abundance peak in June 2010, which was dominated by diatoms. A 

similar seasonal succession from prymnesiophytes to diatoms was observed in Liverpool Bay in 1997 (Gowen 

et al., 2000), although prymnesiophytes and other microflagellates reached bloom densities of up to 

10x10
6
 cells L

-1
, which were not observed in this monitoring programme. The P. globosa densities did not 

indicate a bloom (defined as >5 colonies mL
-1

 in Gowen et al., 2008 and >10
6
 cells L

-1
 in WFD) and this species 

was detected by microscopy at high densities only in May 2010. However, HPLC analysis showed presence of 

the pigment 19’Hex which is an indicator pigment of prymnesiophytes, with peak concentrations observed in 

October 2010 and October 2012 (Figure 8.11). 

The taxa most important in describing differences between seasonal groups of samples were those taxa that 

contributed the most to total phytoplankton abundance. The diatom Guinardia (G. delicatula and G. flaccida) 

was the most abundant genus during spring in agreement with data from Liverpool Bay and Irish coastal waters 

(Gowen et al., 2000). The only exception to this was spring 2010 which was dominated by Rhizosolenia spp. 

Although not speciated, it is considered that this taxon likely consisted of the species Rhizosolenia delicatula 

and/or Rhizosolenia flaccida, which have since changed names to Guinardia delicatula and Guinardia flaccida, 
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respectively. Hence it is considered that the same species have in fact dominated the spring abundances over 

the course of this study. Other dominant genera reported in this study such as Chaetoceros, Skeletonema, 

Pseudo-nitzschia, Thalassiosira, Leptocylindrus and Cerataulina, have been recorded as abundant during 

spring blooms elsewhere in the Irish Sea (Gowen and Stewart, 2005 and references therein), e.g. Liverpool Bay 

(DEFRA, 2000; Gowen et al., 2000), the Irish coastal waters (Gowen et al., 2000) and the north-east Irish Sea 

(Kennington et al., 1999). Phytoplankton data during winter are limited and hence the dominance of the diatom 

Paralia observed in this survey could not be compared against other studies. 

During the monitoring period, 11 nuisance/harmful and 12 toxic algal species were reported at the sampling 

locations (Table 8.4). Some phytoplankton produce toxins that are harmful to marine fauna such as shellfish and 

fish, and also to humans if affected fauna are consumed, whereas nuisance species might cause mechanical 

damage such as gill clogging, production of foam, anoxia etc. The split between nuisance and toxic algae is not 

very clear as a few species can co-occur during red tides or other harmful/toxic events, sometimes making it 

hard to attribute the harmful effects to only one species. Ongoing research might provide further confirmation for 

the harmful effects of some ambiguous species. Of the nuisance or potentially harmful algae, Phaeocystis 

globosa reached high abundances of up to 6,000 cells L
-1

 during May 2010, while Chaetoceros danicus was 

recorded at densities of up to 2,320 cells L
-1

 in September 2014 and Heterocapsa sp. reached up to 2,400 cells 

L
-1

 in June 2010. Of the toxic algae, Karenia mikimotoi reached 9,320 cells L
-1

 in March 2012; Pseudo-nitzschia 

delicatissima reached up to 5,080 cells L
-1

 in May 2014 and Pseudo-nitzschia seriata up to 4,080 cells L
-1

 in 

June 2014. Protoperidinium spp. densities reached 1,440 cells L
-1

 in June 2012. The rest of the harmful/toxic 

species did not exceed 1,000 cells L
-1

 in any of the samples. These cell densities are considered very low 

compared to the abundance at which an individual taxon is considered to reach bloom densities 

(>250,000 cells L
-1

).  

Table 8.4 : List of nuisance/harmful and toxic algae identified off north Anglesey between May 2010 and September 2014.  

Nuisance/harmful Toxic 

Akashiwo sanguinea Alexandrium sp.* 

Amphidinium spp.* Dinophysis acuminata* 

Chaetoceros (Phaeoceros) spp. Dinophysis acuta* 

Chaetoceros danicus Gonyaulax sp.* 

Dictyocha fibula Gymnodinium spp. (some species)* 

Dictyocha speculum Karenia mikimotoi* 

Heterocapsa spp.* Phalacroma rotundatum* 

Noctiluca scintillans Prorocentrum lima* 

Phaeocystis globosa * Prorocentrum minimum* 

Prorocentrum gracile (potentially) Protoperidinium spp. 

Prorocentrum micans (potentially) Pseudo-nitzschia delicatissma complex* 

 Pseudo-nitzschia seriata complex* 

*These species are listed in the IOC-UNESCO Taxonomic Reference List of Harmful Micro Algae (http://www.marinespecies.org/HAB/) 

Fifteen of the harmful/toxic species were recorded at Site 6 (Figure 2.1).  

The maximum abundance of P. delicatissima in May 2014 (5,080 cells L
-1

) and of P. seriata in June 2014 (4,080 

cells L
-1

) was recorded at this site; although abundance of these species was quite similar at the other sites 

sampled. Protoperidinium spp. maximum abundance in June 2012 (1,440 cells L
-1

) was also recorded at Site 6. 

All other harmful/toxic algae were recorded at abundances <1,000 cells L
-1

 at this site throughout the monitoring 

programme.  

The heterotrophic dinoflagellate Noctiluca scintillans (Phylum Myzozoa) was only reported nine times in the 

phytoplankton samples with a maximum abundance of 120 cells L
-1

 recorded at Site 6 in June 2012. This 

species, which is usually sampled better by zooplankton nets due to its large size (<200 µm) was recorded in 

http://www.marinespecies.org/HAB/
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many of the zooplankton samples (see Section 9). The maximum abundance recorded in the zooplankton 

samples was also in June 2012, but did not exceed 4 cells L
-1

. Blooms of this species have been linked to fish 

and invertebrate kills. 

Most of the harmful/toxic species observed in this study have been reported in the Irish Sea since 1993 (Gowen 

and Stewart, 2005). Of the toxic species, Gonyaulax spp. (although many species under this genus are 

synonymised with Alexandrium spp.) and P. rotundatum have not been previously reported. Of the harmful taxa, 

A. sanguinea, Amphidinium spp., D. fibula, and Heterocapsa spp. have not been reported before under the 

‘harmful’ umbrella in the Irish Sea but could well be listed in the phytoplankton species present but at low 

abundances. 

Phaeocystis has regularly appeared in the Irish Sea, at least since the 1950s (Gowen and Stewart, 2005) and is 

responsible for the production of dense foam which can accumulate in coastal waters (DEFRA, 2000). Pseudo-

nitzschia is believed to be responsible for the periodic closure of shellfish beds along the Irish coast (Gowen and 

Stewart, 2005; CMACS, 2006). 

Two invasive non-native diatom species were recorded during the monitoring period: Coscinodiscus wailesii and 

Odontella sinensis. Only one cell (40 cells L
-1

) of C. wailesii was recorded from the samples between 2010 and 

2014 and specifically from Site 4 in December 2010. O. sinensis was recorded on 10 occasions in total and 

specifically in autumn 2011, winter 2012, May 2012 and May 2014. This species was found at several of the 

monitoring sites, including Porth-y-pistyll, but at very low abundances of 40 – 160 cells L
-1

. Both of these 

diatoms are well established in British and European waters. C. wailesii can have an economic impact when 

reaching high numbers, as result of the mucilage produced clogging fishing gear (Eno et al., 1997). 

Table 8.5 summarises the pigments found in different phytoplankton groups as listed in Llewellyn et al. (2005) 

and Goericke and Repeta (1992). Apart from chl-a which is a universal pigment found in all phytoplankton 

groups, fucoxanthin and chl-b were the indicator pigments with the highest average monthly concentrations. 

Indicator pigments are those found in only one or a few groups and hence are characteristic of these, unlike for 

example chl-a and beta-carotene. 

Chl-a concentrations co-varied with total phytoplankton abundance (Figure 8.11). However, higher chl-a 

concentrations were observed in spring 2012 and spring 2014 than in spring 2011, even though total 

phytoplankton abundance in spring 2011 was much higher. This is not surprising as cellular pigment content 

can vary up to a factor of 10 in environments where phytoplankton growth might be limited by light or nutrient 

conditions (Goericke and Repeta, 1992). A similar trend was seen in both diatom distribution and their indicator 

pigment, fucoxanthin (Figure 8.11), and in the distribution of the dinoflagellates and the pigment peridinin 

(Figure 8.11). 

Other phytoplankton groups did not show as close a relationship with their indicator pigments (Figure 8.11). 

Prymnesiophytes were scarcely detected in the samples except for May 2010, however, the presence of 19’Hex 

in autumn 2010 and summer - autumn 2012 suggests the opposite. Similarly, chl-b and alloxanthin distributions 

suggested the presence of euglenophytes and chlorophytes as well as cryptophytes during the spring and 

summer seasons of all three years, whereas these groups were not detected in high numbers by light 

microscopy. All of these groups are difficult to identify by light microscopy due to the small size of the cells and 

hence may have been missed during microscopy enumeration. 

Finally, divinyl chlorophyll was found in the samples and showed seasonality with high concentration in spring 

and summer and low concentrations in autumn and winter. This pigment is an indicator pigment for 

prochlorophytes which cannot be detected by use of light microscopy due to the small size of the cells and need 

the use of epifluorescence microscopy or flow cytometry to be detected. Hence, HPLC analysis has revealed 

the existence of a taxonomic group that would not have been detected with the microscopy analysis. Therefore, 

the combination of both light microscopy and HPLC analysis should ideally be used for monitoring of 

phytoplankton populations, as the two methods complement each other and give the maximum amount of 

information possible for phytoplankton assemblage composition. 

In conclusion, there were no differences in phytoplankton abundance or composition between the sites 

monitored and any changes observed could be attributed to seasonal and year-on-year variation. The 
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phytoplankton community composition off north Anglesey is considered usual for this part of the Irish Sea, 

although abundance is generally low most probably due to the low nutrient concentrations compared to other 

areas. No bloom densities were reached under the WFD classification throughout the monitoring programme 

and any harmful/toxic algae present were recorded at very low densities and have largely been reported from 

the Irish Sea since the 1950s. 
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Table 8.5 : Phytoplankton groups and associated pigments (Llewellyn et al., 2005; Goericke and Repeta, 1992). 

Phytoplankton 

groups 

Chl-a Divinyl chl Fucoxanthin Peridinin Alloxanthin Chl-b Chl-c2 Chl-c3 Beta 

carotene 

Zeaxanthin Violaxanthin 19’Hex 

Diatoms +  +    + + +    

Dinoflagellates +   +   +  +    

Prymnesiophytes +  +    + + +   + 

Chrysophytes +  +      +    

Cryptophytes +    +  +  +    

Cyanophytes +         +   

Chlorophytes +     +   + + +  

Euglenophytes +     +   + +   
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Figure 8.11 : Monthly variation in phytoplankton groups and their indicator pigments from sites along the north Anglesey 

coast. Total phytoplankton is excluding microflagellates. 
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9. Zooplankton 

9.1 Introduction 

This section presents the results of the zooplankton surveys carried out between May 2010 and June 2014, 

encompassing: 

 two full years of the monitoring programme (May 2010 – April 2012) for the original five sampling sites 

(Sites 1 to 511);  

 14 months of data (August 2011 – October 2012) for Site 6 only, which was located within 500 m of 

the CW intake proposed location at Porth-y-pistyll; and 

 four months of data (March – June 2014) for the revised sampling sites (Sites 2, 4, 6 and 7); Site 7 

was located in Cemlyn Bay, just west of Porth-y-pistyll. 

Sampling was carried out on a monthly basis between 2010 and 2013 at sites during neap and spring tidal 

cycles, and over flood and ebb tides. During the 2014 programme, a reduced number of sites were sampled, 

and these were carried out on any state of tide (flood, ebb or slack tide). 

9.2 Methods 

9.2.1 Survey Methodology 

As with the water quality and phytoplankton work, surveys took place on board the vessel ‘SeeKat C’ and 

followed methods agreed with key stakeholders and statutory regulators prior to implementation of the 

programme. The locations of the sample sites were identical to those of the water quality and phytoplankton 

monitoring, as previously detailed in Section 2. 

9.2.2 Sampling Methodology 

Zooplankton samples were collected each month with an interval of at least ten days between sampling at all 

sites. 

The choice of methods used in these surveys was agreed with statutory regulators and in the absence of WFD 

or UKTAG guidance for zooplankton monitoring, one sample at each site was collected using a 250 μm conical 

mesh net with a top diameter of approximately 31 cm, filtering at least 200 L of seawater.  

A clean weighted net was lowered to a depth between 8 and 10 m and lifted vertically through the water to the 

surface at a rate of approximately 0.3 m s
-1

. The sample was rinsed thoroughly down into the cod end with 

filtered seawater, this was then removed and washed into a 250 mL PET bottle and fixed to a 4% formaldehyde 

concentration. Each sample was labelled with the type of sample, the date, tidal state (flood, ebb (or slack in 

2014)) and site number and stored at the Jacobs Southampton Laboratory ready for analysis. 

9.2.3 Sample Analysis 

Each sample was filtered through gauze with a mesh size of 125 µm to compensate for the likely shrinkage of 

organisms caused by formaldehyde preservation. The sample was then rinsed thoroughly with water and 

transferred to a petri dish for analysis.  

Samples were analysed to the lowest taxonomic resolution practicably possible using a stereomicroscope with 

both a backlight and a main light. Switching to a black background can sometimes show up features more 

clearly. 

                                                      
11  All sampling sites are coincident with those of the WQ survey and are numbered the same. However, the prefix WQ has been removed. 
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Where samples were small (<200 individuals) identification and counting of the whole sample used a tally or 

clicker-counter system. Where samples contained a high number of individuals (generally >350), sub-sampling 

using the method described below was carried out. 

The genus Noctiluca is a dinoflagellate (i.e. phytoplankton); however, like many other dinoflagellates it is 

heterotrophic and does not photosynthesize and due to its large size, is often counted within zooplankton 

samples (D. Conway pers. comm., July 2007) and (Elangovan et al., 2010). 

9.2.3.1  (i) Sub-sampling 

Before sub-sampling was carried out, initial counts and total numbers of any large or singular species that may 

be misrepresented through sub-sampling were made (i.e. large individuals such as adult Calanus spp. and 

mysids or singular individuals). These individuals were then taken out prior to sub-sampling and added to the 

species list after all multiplications had been completed. 

For sub-sampling, the sample was washed into a marked glass jar and filled with water to a known volume (e.g. 

250 mL - with both 250 and 125 mL levels marked). Using another identical marked glass jar, the sample was 

mixed between the two jars, pouring from one to the other repeatedly. This method provides an unbiased 

subsample and is the preferred method employed at the Plymouth Marine Laboratory (D. Conway pers. comm., 

July 2007).  

Once the sample was well-mixed (approximately 40 separate pours), half the sample was quickly poured into 

one jar in a swift motion stopping at the 125 mL mark. When necessary, this halved sample was split to a 

quarter by refilling with water to the 250 mL mark and repeating the above process. 

The total numbers and identity of the individuals from the proportion sub-sampled were then recorded, ensuring 

that the values obtained during the initial count were added. 

9.2.4 Data Analysis 

As part of the analysis of results, multivariate statistical tests were performed using PRIMER 6TM (Clarke and 

Gorley, 2006). 

9.2.4.1 Community Analysis 

The community analysis used a multivariate approach, where each taxonomic level (e.g. phylum; see Appendix 

L Table L.1 for a taxonomic list) was treated as a separate variable, enabling an assessment of complex 

patterns within large datasets. The multivariate analysis compared differences between all species (and each of 

the other taxonomic levels) and their relative abundances between samples and sites. The analysis allowed 

identification of samples with similar communities. 

All data were square root transformed to remove skew and down-weight the influence of numerically dominant 

taxa. Similarity matrices were created based on Bray-Curtis similarity which is suitable for biotic data (Clarke 

and Gorley, 2006). 

A two-way crossed ANOSIM (analysis of similarity) for no replicates was used to test for differences between 

samples taken on the same survey, whereas a two-way crossed ANOSIM was used to compare seasons and 

monitoring years. The two-way crossed ANOSIM only compares similarities between samples within the same 

level of the second factor, therefore it is appropriate to use when there is need to separate seasonal from spatial 

variation or seasonal from year-on-year variation (i.e. to identify any difference in the same season from year to 

year and any differences between seasons of the same year). This approach can be viewed as a non-

parametric version of a multivariate ANOVA (MANOVA) (Clarke and Gorley, 2006). A one-way ANOSIM was 

used to test for differences between months or monitoring years. The ANOSIM was carried out on Bray-Curtis 

matrices of the different taxonomic levels, with 999 permutations, using season (spring, summer, autumn, 

winter), monitoring years (1 to 5), sites and tide as factors. 
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To further investigate and visualise differences in communities across factors (months, seasons, monitoring 

years), non-metric Multidimensional Scaling (MDS) (25 restarts, Kruskal fit) was carried out on the Bray-Curtis 

similarity matrix. MDS constructs a sample ‘map’ whose distances reflect statistically tested ‘true’ differences 

between the sites. Put simply, the closer a sample is to another sample on the ordination plot the more similar 

the samples are to each other. 

Where ANOSIM found significant differences, a SIMPER test was used to investigate which individual taxa were 

driving the Bray-Curtis similarity within groups and dissimilarity between these groups. The test ranks, in order 

of importance, each taxon by calculating their overall percentage contribution to the average dissimilarity 

between each group. The Bray-Curtis similarity (or dissimilarity) coefficient (S’) takes values between 0 (total 

dissimilarity) and 100% (total similarity). 

In addition to the multivariate analysis, univariate data analysis which concentrated complex ecological data into 

a single metric, such as Shannon-Wiener diversity (H’), was also performed. 

The average species (or taxa) richness (S) and Shannon-Wiener diversity index (H’) were calculated for 

Arthropoda for each survey month. Species or taxa richness is simply the total number of species (or taxa) 

whereas Shannon-Wiener diversity provides a measure of species/taxa diversity by incorporating both species 

richness and equitability components, i.e. how evenly the individuals are distributed among the different 

species/taxa. The value of Shannon-Wiener diversity is increased either by the addition of more species or by 

having a greater species evenness. 

9.3 Results 

This section describes the zooplankton community off north Anglesey from May 2010 through to June 2014. A 

two-way crossed ANOSIM analysis (no replicates) using site/tide and month/year as factors, indicated that there 

were no statistically significant differences in zooplankton community structure between samples taken at 

different sites and tidal states in any one survey (Global R = 0.022, p = 0.104). Therefore, all samples taken 

during each monthly survey have been considered as replicates for that specific month for the survey area. 

Community analysis was considered in three different ways:  

1) as a whole community; 

2) as taxa within the phylum Arthropoda; and  

3) as taxa within the sub-class Copepoda  

Analysis was carried out in this manner due to the high contribution of Arthropoda and, in particular, the 

sub-class Copepoda to the total zooplankton abundance. 

9.3.1 Community Analysis 

A full taxonomic list of all zooplankton recorded can be found in Table L.1 with average abundances of the 

different phyla observed over the monitoring period (May 2010 to June 2014) displayed in Appendix L, Table 

L.2. 

Table 9.1 lists the taxonomic phyla, classes and orders identified in the samples. A total of 18 phyla have been 

recorded off north Anglesey. Of these, Arthropoda (consisting of the classes Arachnida, Branchiopoda, 

Maxillopoda, Malacostraca and Ostracoda) occurred most frequently. In May 2010, July and August 2011 and 

June 2012 class Dinophyceae (Phlyum Myzozoa) dominated.  For all other months the class that dominated the 

zooplankton samples in terms of abundance was Maxillopoda.  This class was made up of subclasses 

Copepoda (orders Harpacticoida, Calanoida, Cyclopoida, Poecilostomatoida and Monstrilloida) which 

comprised on average more than 60% of the total zooplankton, and Thecostraca (order Sessilia) which 

comprised approximately 11% of the total zooplankton. 
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Table 9.1 : Zooplankton (in terms of phyla, class and order) recorded off north Anglesey between May 2010 and June 2014 

inclusive. *Indicates the taxonomy for the heterotrophic dinoflagellate Noctiluca sp. 

Phylum Class Order 

Annelida Actinopterygii Amphipoda 

Arthropoda Anthozoa Anthoathecata 

Brachiopoda Appendicularia Aphragmophora 

Bryozoa Arachnida Beroida 

Chaetognatha Ascidiacea Calanoida 

Chordata Asteroidea Clupeiformes 

Cnidaria Bivalvia Copelata 

Ctenophora Branchiopoda Cumacea 

Echinodermata Dinophyceae* Cyclopoida 

Foraminifera Enteropneusta Cydippida 

Hemichordata Gastropoda Decapoda 

Mollusca Hydrozoa Diplostraca 

Myzozoa* Malacostraca Gadiformes 

Nemertea Maxillopoda Harpacticoida 

Ochrophyta Nuda Isopoda 

Rotifera Ophiuroidea Leptothecata 

Tardigrada Ostracoda Limnomedusae 

Phoronida Polychaeta Littorinimorpha 

 Sagittoidea Lobata 

 Scyphozoa Monstrilloida 

 Tentaculata Mysida 

 Holothuroidea Mytiloida 

 Branchiopoda Noctilucales* 

  Ophiurida 

  Perciformes 

  Phragmophora 

  Phyllodocida 

  Pleuronectiformes 

  Podocopida 

  Poecilostomatoida 

  Sabellida 

  Semaeostomeae 

  Sessilia 

  Siphonophorae 

  Spionida 

  Tanaidacea 

  Apodida 

  Euphausiacea 
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Phylum Class Order 

  Terebellida 

  Trachymedusae 

  Trombidiformes 

In terms of abundance the phylum Arthropoda was clearly dominant within the samples, representing more than 

50% of the total zooplankton abundance on all but four sampling months (May 2010, July and August 2011 and 

June 2012), when the zooplankton samples were dominated by the heterotrophic dinoflagellate group Myzozoa 

(representing on average 65%), (Figure 9.1). Across all phyla, an average of 742 individuals m
-3

 were recorded 

each month over the whole sampling period with the highest average abundance recorded in April 2012 (4,509 

individuals m
-3

); during this month Arthropoda accounted for 75% (3,362 individuals m
-3

) of the total average 

abundance. The phyla Annelida and Chordata also recorded their highest monthly abundance during April 2012 

(600 and 466 individuals m
-3

 respectively). 

The subclass Copepoda dominated the zooplankton community to such an extent (see above) that they were 

analysed separately (9.3.3) to determine if temporal patterns existed and understand how this group influenced 

the community.  

Consideration of the zooplankton community after removal of the heavily dominant Copepoda allowed a clearer 

picture of how the other phyla contributed to the community (Figure 9.2). This showed that other than 

Arthropoda the phyla Annelida, Chordata, Mollusca and Bryozoa were also key contributors to the community 

assemblage. Of the other phyla, Bryozoa and Mollusca only occurred at certain times of the year (February 

through to May) at relatively high abundance, with highest abundances recorded during 2012. 
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Figure 9.1 : Average abundance by phylum per month of all zooplankton recorded off north Anglesey between May 2010 and June 2014. Zooplankton samples were not taken in December 2011 (*) or 

in 2013 (**). 
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Figure 9.2 : Monthly average abundance of zooplankton classes contributing >5% to total zooplankton abundance (excluding Copepoda) between May 2010 and June 2014. Zooplankton samples 

were not taken in December 2011 (*) or in 2013 (**). 
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Considering the zooplankton community with respect to seasons since May 2010 (Figure 9.3), it is clear that the 

community composition was dominated by four key phyla during the spring months; these were Arthropoda, 

Annelida, Chordata and Myzozoa.  

Throughout the remaining seasons, Arthropoda remained prevalent with Myzozoa peaking during the summer 

months. Other less prominent phyla were found in low abundances in certain seasons including Bryozoa and 

Mollusca during spring and Chaetognatha, Cnidaria and Chordata during autumn. 
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Figure 9.3 : Seasonal representation by phylum of all zooplankton recorded off north Anglesey between May 2010 and June 

2014. 

These observations are further supported by statistical analysis; a two-way crossed ANOSIM showed 

differences between seasons across all years (Global R = 0.697, p = 0.001). Table 9.2 shows high Global R 

values between all seasons and particularly between spring/autumn, summer/autumn and summer/winter, 

indicating the significant separation between these seasons, in terms of community composition. However, the 

same analysis showed that similar seasons differed significantly between years (Global R = 0.456, p = 0.001). 

The greatest differences were observed between years 2010 and 2011, and the smallest differences between 

years 2012 and 2014 (Table 9.3). 

Table 9.2 : Pairwise comparisons between seasons across all years. 

Groups Global R Significance Level (%) 

Spring, Summer 0.593 0.1 

Spring, Autumn 0.895 0.1 

Spring, Winter 0.620 0.1 

Summer, Autumn 0.728 0.1 

Summer, Winter 0.744 0.1 

Autumn, Winter 0.611 0.1 
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Table 9.3 : Pairwise comparisons between years across all seasons. 

Groups (Monitoring Years) R Significance Level (%) 

2010, 2011 0.54 0.1 

2010, 2012 0.438 0.1 

2010, 2014 0.497 0.1 

2011, 2012 0.367 0.1 

2011, 2014 0.417 0.1 

2012, 2014 0.276 0.1 

To further investigate the differences observed between similar seasons of different years, a two-way crossed 

SIMPER analysis was undertaken. The results (Appendix L, Table L.3) showed the driving factor for differences 

between year 2010 and other years to be the variation in abundance of the heterotrophic dinoflagellate 

Noctiluca sp. (phylum Myzozoa) and of a number of calanoid copepods (Temora longicornis, Acartia spp., 

Centropages hamatus, Paracalanus parvus and Pseudocalanus elongatus). Variation in abundance of the same 

calanoid copepods was also driving differences between other years (2011, 2012 and 2014). However, varying 

abundances of tunicates of the class Appendicularia also contributed significantly to differences when 

comparing years 2011 and 2012 to other years. Similarly, the barnacle larvae of the order Thoracica also 

contributed significantly to differences when comparing years 2012 and 2014 to other years.  

Based on the SIMPER analysis groupings T. longicornis and C. hamatus were most abundant in 2012 and least 

abundant in 2011 and 2014, whereas Noctiluca sp. and Acartia spp. were more abundant in 2010 and least 

abundant in 2012 and 2014. Both Appendicularia and Thoracica abundance were highest in 2012 and lowest in 

2010. These variations might seem in contrast to the abundances described in Figure 9.1 and Figure 9.2; this is 

because the abundances described in the SIMPER results are based on square root transformed data, 

downweighting the contribution of really abundant taxa such as Noctiluca sp. 

A one-way ANOSIM analysis indicated that there was an overall statistically significant difference between 

months (Global R = 0.630, p = 0.001). Pairwise comparisons (Appendix L, Table L.4) showed that, as expected, 

small R values tended to occur between adjacent months e.g. October, November and November, December, 

and hence these months were thought to have relatively similar zooplankton communities.  

This overlap between communities is clear when viewing the data as an MDS plot by observing the close 

association between samples from September through to December and samples from June through to August 

(Figure 9.4). This is further clarified in Figure 9.4 where seasons are clearly defined and regardless of the year 

are tightly clustered together. 

Clear changes were identified in the zooplankton analysis between different seasons, indicating that the 

zooplankton community is driven predominantly by the varying environmental factors that constitute changes in 

season. 
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Figure 9.4 : 3D-MDS Plot of zooplankton whole community data between May 2010 and June 2014 displaying months (above) 

and seasons (below). 
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The two-way crossed SIMPER analysis was also consulted to determine which taxa were responsible for the 

differences observed between seasons across all years. The results (Appendix L, Table L.5) showed the driving 

factor to be the variation in seasonal abundance of a number of key taxa belonging to four different phyla.  

Species such as T. longicornis and Centropages hamatus (phylum Arthropoda) contributed to the dissimilarity 

between seasons with high abundances in spring and summer against correspondingly low abundances in 

autumn and winter. Moreover, high abundances of Noctiluca sp. (phylum Myzozoa) and Acartia sp. (phylum 

Arthropoda) during summer and Thoracica nauplius (phylum Arthropoda) during spring, contributed to 

differences between these and other seasons. Additionally, the abundance of the copepods Paracalanus parvus 

and Pseudocalanus elongatus were generally higher in autumn and winter than in spring and summer which 

contributed to the dissimilarity observed between these seasons. 

9.3.2 Arthropoda Richness and Diversity 

Over the monitoring period (May 2010 to June 2014), Arthropoda constituted 65% of total zooplankton 

abundance. Due to this overall dominance of Arthropoda, further analysis has been carried out on data including 

this group only. Taxa richness and the Shannon-Wiener diversity index (H’) were calculated for the phylum 

Arthropoda and plotted in Figure 9.5 for all months between May 2010 and October 2012 as well as for the 

samples collected between March 2014 and June 2014. 

In general, there were a greater number of taxa present during the spring and summer months than in the winter 

months. Taxa richness (S) was highest in June 2010, June 2011, August 2012 and June 2014 with a taxa 

richness ranging between 14 and 18. Shannon-Wiener diversity was lower in June 2011 and August 2012 than 

in June 2010 and June 2014, despite these months having higher taxa richness. This indicates that even though 

there were more taxa present, there was a higher degree of dominance by one or a few taxa, compared to June 

2010 and June 2014 when abundance was more equally distributed among taxa. 

In contrast, the months February 2011, January 2012, February 2012 and March 2014 all had the lowest taxa 

richness (S = 6) and an uneven distribution of abundance between taxa (H’); an average of six taxa was 

reported for each of these months. The overall lowest diversity, however, was recorded in March 2012 (0.5166); 

the low H’ value was a result of the low number of taxa present and the abundances dominated by only a few 

Arthropoda taxa (T. longicornis, C. hamatus and Thoracica nauplius). 
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Figure 9.5 : Taxa richness and Shannon-Wiener diversity index for Arthropoda displayed by monthly median values with error bars displaying 25th and 75th percentiles. Data for samples taken 

between May 2010 and June 2014. Error bars not displayed between May 2012 and October 2012 as only Site 6 was sampled (two samples taken). Zooplankton samples were not taken in December 

2011 (*) or during 2013 (**). 
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9.3.3 Copepoda 

The following section describes the abundance and species composition of Copepoda off north Anglesey, and 

investigates the seasonal distribution of this group. Appendix L, Table L.1 shows the breakdown of Copepoda in 

terms of family and genus/species. Out of the five orders present off north Anglesey, a total of 21 families have 

been reported and within these, 29 genera have been identified with 27 copepods identified to species level.  

Due to similarities in the juvenile stages of the calanoid copepods, Paracalanus parvus and Pseudocalanus 

elongatus can be impossible to distinguish and as such these were recorded as Para/Pseudo –calanus. In 

addition, a number of the Harpacticoid copepods that could not be identified to genus level represented the 

families Harpacticidae and Peltidiidae. Harpacticoid copepods occurred frequently in low numbers with seven 

families reported and Longipedia, Alteutha and Euterpina the most commonly occurring genera. Many of the 

individuals representing Cyclopoida could not be identified to genera with only Oithona confidently identified to 

species level. The order Poecilostomatoida was represented by two genera (Oncaea spp. and Corycaeus spp.) 

whereas Monstrilloida had at least two species within the same genus (Monstrilla). 

Table 9.4 shows a marked increase in the average abundance of Calanoida in 2012, to four times the 

abundance recorded in other years. In all years, Calanoida was the most frequently occurring order with 

average abundance over monitoring years ranging between 210 and 871 individuals m
-3

. Of the remaining 

orders represented here, only Harpacticoida were recorded regularly in the samples. Cyclopoida and 

Poecilostomatoida occurred periodically throughout the sampling period with rare encounters of Monstrilloida. 

Individual copepod eggs and egg sacs were present in low numbers across all years. 

Table 9.4 : Average abundance (m-3) for the orders of Copepoda in each year. 

Order 2010 2011 2012 2014 

Calanoida 282 185 871 210 

Harpacticoida 6 3 21 3 

Cyclopoida 1 2 2 0.191 

Poecilostomatoida 1 3 0.120 0.095 

Monstrilloida 0.031 0.134 0.090 0 

Using the Copepoda taxa list (Appendix L, Table L.1), the most frequently occurring genera were identified as 

those which had contributed at least 5% to the total copepod abundance in one or more monitoring months 

between May 2010 and June 2014; (Figure 9.6). These genera were calanoid copepods: Acartia, Paracalanus, 

Pseudocalanus, Temora, and Para/Pseudo calanus as well as two harpacticoid copepods: Corycaeus and 

Longipedia. 

The genus Temora was the most abundant taxon in the majority of sampling occasions (Figure 9.6) and was 

represented solely by the species T. longicornis. Over the whole survey period this taxon represented over 33% 

of the total copepod abundance, with a peak abundance seen in May 2012 (3,845 individuals m
-3

). 

Other species of calanoid copepods, such as C. hamatus, (represented as the genus Centropages) were 

prevalent throughout the whole period (with highest abundance of 778 individuals m
-3

 recorded in April 2012) 

whereas species such as P. parvus and Ps. elongatus (represented by the genera Paracalanus and 

Pseudocalanus respectively) appeared to have a more seasonal distribution. Acartia was the dominant genus 

during June 2010 (89 individuals m
-3

) and second dominant in July and August 2010 (85 and 173 individuals m
-3

 

respectively); subsequent sampling months saw a decline of this genus (April 2012 saw only 

eight individuals m
-3

). Other genera such as Corycaeus and Longipedia were recorded in low numbers during 

certain months of the year. 

 



Water Quality and Plankton Survey Report  

 

 

 

 

 

 

 

 

60PO8007/AQE/REP/004  97 

M
ay

-1
0

Ju
n-

10

Ju
l-1

0

A
ug

-1
0

S
ep

-1
0

O
ct

-1
0

N
ov

-1
0

D
ec

-1
0

Ja
n-

11

Feb
-1

1

M
ar

-1
1

A
pr

-1
1

M
ay

-1
1

Ju
n-

11

Ju
l-1

1

A
ug

-1
1

S
ep

-1
1

O
ct

-1
1

N
ov

-1
1 *

Ja
n-

12

Feb
-1

2

M
ar

-1
2

A
pr

-1
2

M
ay

-1
2

Ju
n-

12

Ju
l-1

2

A
ug

-1
2

S
ep

-1
2

O
ct

-1
2 **

M
ar

-1
4

A
pr

-1
4

M
ay

-1
4

Ju
n-

14

A
ve

ra
g
e
 A

b
u
n
d
a
n
c
e
 m

-3

0

200

400

600

800

3000

3300

3600

3900

4200
Acartia 

Centropages 

Corycaeus 

Longipedia 

Paracalanus 

Pseudo/Para -calanus

Pseudocalanus 

Temora 

Month  

Figure 9.6 : Monthly abundances for Copepoda genera representing ≥ 5% of total copepod abundance in at least one sampling month. Zooplankton samples were not taken in December 2011 (*) or 

in 2013 (**). Pseudo/Para-calanus represents juvenile stages of the genera Pseudocalanus and Paracalanus, when these could not be speciated. 
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A one-way ANOSIM test using month as a factor indicated a reasonable degree of separation between the 

communities recorded during each sampling occasion, although some similarity was still evident 

(Global R = 0.448, p <0.001). Pairwise comparisons (Appendix L, Table L.6) showed that the greatest 

differences were generally found between months of different seasons. The results of the ANOSIM were 

reinforced by the pictorial representation given by a 2D–MDS plot (Figure 9.7). 

Transform: Square root

Resemblance: S17 Bray Curtis similarity
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Figure 9.7 : 2D-MDS plot of Copepoda composition and abundance data off north Anglesey between May 2010 and June 2014, 

using month as a factor to visualise sample groupings. Stress was lower for the 3D-MDS plot (0.13), but a 2D plot is shown to 

facilitate better pictorial representation of sample groupings. 

A two-way crossed ANOSIM, using years and seasons as factors, indicated a reasonable degree of variation 

between seasons (Global R = 0.484, p <0.001) particularly spring/autumn, summer/winter and autumn/winter 

seasons (Table 9.5). 

Table 9.5 : Pairwise comparisons between seasons across all monitoring years. 

Groups R Significance Level (%) 

Spring, Summer     0.185          0.1 

Spring, Autumn     0.639          0.1 

Spring, Winter     0.393          0.1 

Summer, Autumn     0.550          0.1 

Summer, Winter     0.548          0.1 

Autumn, Winter     0.639          0.1 

SIMPER analysis showed that the seasonal differences were mainly due to changes in the abundance of key 

taxa such as T. longicornis and P. parvus (Appendix L, Table L.7). Average seasonal abundance of these 

common calanoid genera (see Figure 9.6) recorded the highest numbers during spring, with a clear dominance 

by T. longicornis (499 individuals m
-3

) (Figure 9.8). As seen with Temora the genera Centropages, showed 
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greater abundances in spring and summer by comparison with the other seasons. By contrast Paracalanus was 

most abundant in autumn and Pseudocalanus in winter and spring. 

Season
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Figure 9.8 : Genera of Copepoda representing ≥5% of the total copepod abundance in at least one sampling season. 

9.4 Discussion 

Zooplankton contains a very wide range of organisms and representatives from many animal phyla can be 

found here since many species (referred to as meroplankton) have planktonic life stages before settlement. 

Other groups from the phylum Cnidaria and the subclass Copepoda are termed holoplankton, spending all their 

life in the water column. 

Although the Irish Sea is relatively small when compared to other sea bodies such as the North Sea, there are 

large regional differences in terms of bathymetry, hydrology, nutrient chemistry and ecology (Kennington and 

Rowlands, 2004). The area under consideration here, similar in terms of hydrographic conditions to the eastern 

region studied by Graziano (1988), is situated off the coast of Anglesey and tends to be shallower than the 

western region; here, the waters are considered to be mixed (Pingree and Griffiths (1978), cited by Graziano 

(1988)). 

ANOSIM testing indicated no differences between samples collected at different tidal states from different 

survey sites, during each survey month.  However, a reasonable degree of community distinctness was found 

between sampling months, this being even more noticeable between seasons; the onset of varying 

environmental influences, such as increases in light and nutrient levels, enabling proliferation of phytoplankton 

and hence food availability for zooplanktonic organisms.  

SIMPER analysis of the samples showed that the variations observed between years and seasons were 

generally a consequence of several highly abundant members of the community and their temporal variations, 

rather than broad changes in the community composition.  
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The major dominance of Arthropoda and particularly the class Copepoda, were a result of high abundances of 

several genera, most notably Temora, Pseudocalanus, Paracalanus, Acartia and Centropages; and it was 

mainly members from these groups that contributed the most to the observed temporal dissimilarities. However, 

the heterotrophic dinoflagellate Noctiluca sp. was the main contributor to differences between summer and 

other seasons; as was its frequent occurrence at high abundances in 2010 to differences between this year and 

others (despite the fact that this species was recorded at highest abundance in two samples in June 2012). 

As detailed by Graziano (1988), the Irish Sea zooplankton composition between the east and west are similar, 

though a greater abundance of copepods is present in the western Irish Sea compared to the east. When 

looking in detail at the data collated by Graziano (1988), it is clear that the copepod taxa present in both regions 

were found in far greater abundance (sometimes by several orders of magnitude) in the region south-east of the 

Isle of Man than those found off north Anglesey. It is likely that these differences are in part due to the different 

sampling techniques used by Graziano (1988) where two nets with differing mesh apertures (140 µm and 

350 µm) and a 0.45 m diameter were used for sampling.  

Arthropoda was by far the most dominant phylum reported off Anglesey. Its taxa richness was greatest in early 

summer (June) 2010, 2011 and 2014 and in late summer (August) in 2012, with between 14 and 18 taxa 

reported on average during these months.  The majority of these belonged to the class Copepoda, with fauna 

from this group constituting on average 63% of the zooplankton each sampling month. 

A comparison between the communities recorded during this study (excluding the dinoflagellate Myzozoa) and 

a study carried out by Kennington and Rowlands (2004) found that a greater range of zooplankton groups were 

found off north Anglesey with individuals representing Chordata, Chelicerata and Brachiopoda groups occurring 

here. Percentage abundance of Copepoda and Annelida is 10% and 2% higher respectively, than that found in 

the western Irish Sea (Table 9.6). Overall though, a greater proportion of Mollusca, Bryozoa, Echinodermata 

and other Crustacea were reported in the western Irish Sea. 

Other important zooplankton groups recorded in this north Anglesey study were members of the Crustacea 

(including Decapoda) and Chordata; these formed 11% and 3.8% of the zooplankton composition respectively 

(Table 9.6). The western Irish Sea (Isle of Man) has a larger proportion of Crustacea than that found off north 

Anglesey, however the general composition found within this subphylum is similar and includes Cladocera, 

Decapoda, Cirripedia and Euphausiidae. 

Table 9.6 : Community composition for western Irish Sea (data adapted from Kennington and Rowlands, 2004) and from May 

2010 to June 2014 off north Anglesey. 

Group Western Irish Sea (Isle of Man) % 

Composition 

North Anglesey (excluding Myzozoa) % 

Composition 

Copepoda 69.01 75.62 

Other Crustacea 20.59 11.07 

Mollusca 

5.39 2.96 Echinodermata 

Bryozoa 

Annelida 3.07 4.74 

Cnidaria 

1.94 1.47 Ctenophora 

Chaetognatha 

Chordata  3.76 

Other Zooplankton  0.28 

Chelicerata  0.02 

Brachiopoda  0.01 
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Cladocera were reported off north Anglesey in low numbers during spring and/or summer seasons. However, 

both Kennington and Rowlands (2004) and Pitois and Fox (2006) reported a consistent low population of 

Cladocera (genera Evadne and Podon) with Kennington and Rowlands (2004) finding Evadne to be the most 

frequently occurring genus. Sampling off north Anglesey has found both Podon and Evadne in similar numbers 

to those found by Kennington and Rowlands (2004), however, the genus Evadne was absent in the 2014 

sampling; this was likely due to the reduced sampling regime rather than the absence of this genus from this 

region. 

Thoracica nauplius and indeterminate cyprid larvae (indet.) (order Maxillopoda) appear in high numbers in this 

north Anglesey study, particularly in the spring, concurring with data from Kennington and Rowlands (2004) who 

state that the low number of continuous plankton recorder (CPR) sites in this region of the Irish Sea has 

underestimated the population size of these individuals in the past.  

The results off north Anglesey reported only three individuals of Euphausidae (one in each of October 2011, 

April 2012 and May 2014) across the monitoring period. Observations by Graziano (1988) and Kennington and 

Rowlands (2004) show numbers of Euphausidae to be low in the Irish Sea, with lower abundances found in the 

east than in the west. It is highly likely that the sampling regime adopted for this study and that carried out by 

Graziano (1988) is not suited to catching such organisms, which have the ability to avoid slow moving sampling 

nets (Matthew, 1988; Ianson et al., 2004). 

The majority of taxa reported under Arthropoda belonged to Copepoda, with Calanoida representing 98% of the 

Copepoda. Work by Gowen et al. (1998) in the western Irish Sea reported similar findings; high numbers of 

copepod taxa coupled with high abundances during May, June and September 1992 - 1996, when all 11 of the 

dominant taxa listed in Table 9.7 were reported. 

When comparing results from north Anglesey with that of other parts of the Irish Sea, it is clear that there are 

similarities in terms of copepod species composition and seasonality of species between this region, the 

western and central Irish Sea, however, there are clear differences in terms of overall species abundance. 

Data detailed in Table 9.7 illustrate the copepod species percentage composition for the western stratified 

region of the Irish Sea (Gowen et al., 1998), the stratified region off the coast of the Isle of Man (Kennington and 

Rowlands, 2004) and from this study (north Anglesey). Off north Anglesey, T. longicornis was the most 

frequently occurring copepod species, representing 55% of the copepod species composition compared to 24% 

off the Isle of Man, and 9% in the stratified region of the Western Irish Sea. North Anglesey species composition 

reported C. hamatus (representing 20% of the copepod composition) to be the second dominant species with 

Ps. elongatus being third dominant. In other parts of the Irish Sea, Ps. elongatus was dominant with Acartia spp. 

also appearing as one of the top three species. 

Table 9.7 : Percentage contribution of dominant copepods to copepod abundance in the stratified region of the western Irish 

Sea (data calculated from Gowen et al., 1998) and the stratified region off the Isle of Man (data calculated from Nash 

(unpublished) cited in Kennington and Rowlands, 2004), compared to north Anglesey. 

 Species Isle of Man % Composition Western Irish Sea (1992-1996) 

% Composition 

North Anglesey (2010-2014) % 

Composition 

Acartia spp. 13.26 32.44 6.80 

C. finmarchicus, C. 

helgolandicus and Calanus 

spp. copepodites 

8.13 6.23 0.12 

Centropages hamatus 3.29 1.56 9.63  

Paracalanus parvus 2.22 2.95 6.32  

Pseudocalanus elongatus 38.08 32.49 7.86  

Para/Pseudo-calanus #Juv.   1.04  

Temora longicornis 23.67 9.03 54.87  

Oithona similis 1.37 13.98 0.14  
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 Species Isle of Man % Composition Western Irish Sea (1992-1996) 

% Composition 

North Anglesey (2010-2014) % 

Composition 

Metridia lucens  0.71 0.001  

Microcalanus pusillus  0.63 0.002  

Other copepods   3.22  

Studies carried out by Gowen et al. (1998) and Fransz et al. (1992) (cited in Castellani and Lucas, 2003) report 

Temora as frequently found in the coastal waters of the northern hemisphere, including the Irish Sea; our results 

concur with these reports with numbers of T. longicornis peaking in spring.  

Despite declining elsewhere around the UK since August 2010, two peaks of the genus Acartia were observed 

(Gowen et al., 1998) in the stratified region of the western Irish Sea (Table 9.7). This is a highly productive 

coastal area between the lower tidal zone and continental shelf, allowing Acartia to develop and reproduce 

rapidly. Studies by a number of authors have found A. clausi (the only Acartia species identified off north 

Anglesey) to be very sensitive to starvation ((Uye, 1981; Reeve and Walter, 1977 and Paffenhofer and Stearns, 

1988) all cited in Graziano, 1988). As this region of the Irish Sea appears less productive than others it could be 

the reason for the absence of Acartia sp. observed at certain times of the year e.g. during the winter season. 

The seasonal distributions of the main copepod species found off north Anglesey complements the findings by 

Graziano (1988) and Kennington and Rowlands (2004) with similar seasonal distributions observed for five 

dominant copepod genera (Temora, Centropages, Pseudocalanus, Acartia and Paracalanus) found off north 

Anglesey; this was particularly true for both T. longicornis and Acartia spp.. Species abundances show a greater 

degree of fluctuation with higher numbers of Ps. elongatus and Acartia spp. reported by Kennington and 

Rowlands (2004) compared to higher numbers of T. longicornis and C. hamatus reported here. 

The variation in abundance of certain species, in particular the small copepod Oithona spp. and juvenile stages 

of P. parvus and Ps. elongatus can potentially be explained by the variation in sampling techniques. The 

surveys off north Anglesey detailed in this report (2010-2014) and those carried out by Williamson (1956) 

utilised a 250 μm mesh size whilst Gowen et al. (1998) utilised a 300 μm mesh size. Since Graziano (1988) 

sampled with two nets of differing mesh sizes (140 and 350 μm), the smaller aperture net (140 µm) would 

capture both the juvenile stages and the smaller species of copepods and this could explain the very low 

abundance of Oithona spp. found off north Anglesey compared to this taxa ranking as fifth most dominant by 

Graziano (1998). 

Figueiredo et al. (2009) also suggested that the actual population of the smaller copepods for the Irish Sea has 

in the past been underestimated and that these species actually dominate the copepod population; stating that 

the adult contribution to the copepod biomass of species including Calanus spp., C. hamatus, Ps. elongatus and 

T. longicornis is much lower than that of the small copepods. Other reasons for changes in abundances may be 

linked to the natural variation and changes in climatic conditions across the years. 

Other taxa found in low abundances during the surveys were Calanus spp., with C. helgolandicus the most 

commonly recorded. Overall, Calanus spp. represented less than 1% of the Copepoda composition in this study 

and since they generally occur in higher abundance in the stratified region of the Western Irish Sea (Graziano, 

1988 and Gowen et al., 1998) this result is not unusual and Graziano (1988) believes this could be related to 

differences in the phytoplankton cycle observed in these different regions. 

The nutritional composition of phytoplankton in stratified waters compared to mixed waters is thought to be very 

important in terms of the community composition of the zooplankton. Oviatt (1981) cited in Graziano (1988) 

showed zooplankton biomass to be far greater in stratified waters and this has been linked to the differential 

fecundity and growth rates arising from phytoplankton composition in terms of flagellates and diatoms. It is 

known that diatoms have a lower calorific value when compared to dinoflagellates, with less carbohydrates, 

proteins and lipids by volume base (Hitchcock, 1985, cited in Graziano, 1988). Well-mixed areas of the Irish Sea 

generally have a greater abundance of diatoms and this is certainly true off north Anglesey (Section 8.3). In 

these areas, copepods such as Calanus (found in very low numbers during the monitoring period (2010 - 2014)) 

lack the nutritious diet that summer domination of dinoflagellates gives. Species such as those belonging to the 



Water Quality and Plankton Survey Report  

 

 

60PO8007/AQE/REP/004 103 

genus Acartia are found in high abundances in the North Channel (Kennington and Rowlands, 2004); whilst 

Gowen et al. (1998) found that in the North Channel increased copepod abundance actually preceded the 

summer peak in primary production which was not the case in other parts of the Irish Sea. Since primary 

production off north Anglesey was found to be lower than areas of the western Irish Sea this would also be true 

if one compares it to the North Channel (see Section 8.4). 

Although primary production is lower in north Anglesey, patterns can still be determined when considering both 

phytoplankton and zooplankton. Here, the abundance of Copepoda was associated with the abundance of 

microflagellates and diatoms rather than the abundance of dinoflagellates (Figure 9.9). It is clear from Figure 9.9 

that the highest abundance of Copepoda found in May 2012 was around the same time as the peak diatom 

abundance and a month after the microflagellate bloom that occurred in April 2012 (see Section 8.3.1). 
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Figure 9.9 : Average abundance of Copepoda compared to the various phytoplankton groups (diatoms, dinoflagellates and 

microflagellates) between May 2010 and June 2014. 

Copepods are known to be an important food source for many commercial fish species, their presence being 

essential to the survival of developing larvae (Kennington and Rowland, 2004). Investigations into the diet of 

gadoid species (e.g. whiting (Merlangius merlangus), cod (Gadus morhua) and haddock (Melanogrammus 

aeglefinus) have found changes in food sources with increasing body size. Young gadoid larvae feed on 

copepod nauplii, progressing from small copepods such as Acartia spp. to T. longicornis and P. parvus and then 

onto the large Calanus spp. (Rowlands et al., 2006; Kennington and Rowlands, 2004). Rowlands et al. (2006) 

concluded that in the Irish Sea, two gadoid species (whiting and cod) between stage 2 larvae and juveniles 

were dependent on copepods for their diet and in particular Calanus abundance for the juvenile stage. 

Furthermore, Thompson and Harrop (1991) studied the diet of cod larvae in the Irish Sea and found larvae 

>5 mm fed on copepod nauplii; larval lengths between 5 and 9 mm fed on copepodites and larvae measuring 

between 10 and 20 mm fed mainly on adult copepods. 

There have been no protected species of zooplankton identified from the waters off north Anglesey; however, a 

number of benthic species of conservation importance, which have planktonic larval life stages have been 
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identified from other baseline surveys of the monitoring programme (e.g. dive, intertidal biotope and subtidal 

grab surveys). These species are: 

 Mytilus edulis (blue mussel); blue mussel beds on sediment are a UK BAP priority habitat; 

 Modiolus modiolus (horse mussel, previously named Mytilus modiolus); horse mussel beds are an 

Annex I habitat; 

 Sabellaria spinulosa and S. alveolata; Sabellaria reefs are an Annex I habitat; and, 

 Palinurus elephas (spiny lobster); spiny lobster is a UK BAP priority species. 

Since all of the above species have planktonic larval life stages, their presence within the north Anglesey coast 

zooplankton community is expected. Mytilus spp. was recorded within the zooplankton and could therefore 

represent both the blue mussel and the horse mussel.  Sabellaria sp. was also recorded within the zooplankton 

and could represent S. spinulosa and/or S. alveolata. The spiny lobster could have been recorded under the 

order Decapoda. 

Finally, the invasive non-native barnacle Austrominius modestus was recorded from benthic surveys at the 

power station outfall and was most likely recorded in the zooplankton within the group of barnacle larvae 

(thoracica nauplii). Caprella sp. was also identified from zooplankton samples; this could be a representative of 

the invasive Japanese skeleton shrimp, Caprella mutica, which is a non-native marine species of concern in 

north Wales. 
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10. Concluding Remarks 

Water quality monitoring conducted off north Anglesey indicates a well-mixed water body with no evidence of a 

permanent thermocline, halocline or seasonal stratification. Nutrient concentrations were low throughout the 

monitoring period with no indication of eutrophication.  Discharges from the power station did not have any 

significant effect on the quality of the coastal water body, with the exception of the water temperature within the 

immediate vicinity from the discharge. 

Due to the low nutrient concentrations off the north Anglesey coast, phytoplankton abundance and chl-a 

concentrations remained relatively low compared to other areas of the Irish Sea. No phytoplankton bloom 

densities were reached under WFD, although a seasonal increase in abundance during the spring period was 

still evident. Relatively high mixing of the water body favoured an overall numerical dominance by diatoms, even 

during the summer months when stratification of the water column traditionally favours the dominance of 

dinoflagellates.  

Zooplankton abundance was numerically dominated by Copepoda and exhibited a lag response to the seasonal 

peaks in phytoplankton abundance. The relatively low density of zooplankton, with particularly low abundances 

of the copepod Calanus spp., could be attributed to the low nutritional value of their available food source 

(diatoms) compared to dinoflagellates. 
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Appendix A. Water Quality – Vertical Profiles 

This Appendix only presents a selection of water column vertical profiles recorded between May 2010 and November 2014.  
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Note: ORP profiles are not available for this month. ORP sensor was not operational until later in the month. 
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Note: Due to a technical problem with the internal configuration the pH sensor did not record decimal values, 

therefore vertical profiles have been disregarded (all values were recorded as 8 or 9) 
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Note: ORP profiles are not available as the sonde used (YSI6600v2) was not fitted with it an ORP sensor 
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Appendix B. Water Quality – Monthly Variations of Water Physico-Chemical Properties 

Table B.1 : Maximum, minimum and mean temperature values (°C) for the water column recorded for each survey from May 2010 to November 2014. 

 Water Temperature (ºC) 

Year 2010 2011 2012 2013 2014 

Month Max. Min. Mean Max. Min. Mean Max. Min. Mean Max. Min. Mean Max. Min. Mean 

January - - - 7.29 6.86 7.08 9.17 8.55 8.99 - - - - - - 

February - - - 7.36 6.76 6.92 7.88 7.37 7.53 8.12 6.9 7.09 7.57 7.47 7.49 

March - - - 7.77 7.2 7.38 8.38 8.05 8.18 6.6 6.08 6.39 8.5 8.1 8.21 

April - - - 9.16 9 9.07 9.57 9.01 9.17 8.16 7.45 7.75 9.18 9.16 9.16 

May 9.75 9.3 9.48 11.32 11.03 11.16 10.22 9.76 9.87 11.37 10.46 10.64 11.62 11.09 11.28 

June 12.61 12.52 12.57 13.21 12.68 12.9 12.88 11.55 11.95 12.37 11.7 11.99 12.85 12.35 12.58 

July 15.21 14.48 14.8 16.45 14.61 14.82 14.24 13.69 13.81 14.16 13.38 13.58 15.77 15.24 15.38 

August 16.6 15.36 15.95 16.32 15.84 15.95 15.39 14.98 15.14 16.12 15.56 15.76 16.84 16.28 16.47 

September 15.58 15.4 15.49 15.3 14.95 15.08 15.13 14.88 15.03 15.81 15.51 15.69 16.44 16.05 16.19 

October 14.64 14.41 14.58 15.13 14.79 14.85 13.97 13.73 13.87 14.05 13.21 13.44 - - - 

November 13.13 11.45 11.77 12.94 12.48 12.77 - - - - - - 14.01 13.73 13.91 

December 8.32 7.68 8.01 - - - - - - - - - - - - 

Table B.2 : Maximum, minimum and mean salinity values for the water column recorded for each survey from May 2010 to November 2014. 

 Water Salinity 

Year 2010 2011 2012 2013 2014 

Month Max. Min. Mean Max. Min. Mean Max. Min. Mean Max. Min. Mean Max. Min. Mean 

January - - - 33.89 33.59 33.78 34.56 34.1 34.44 - - - - - - 

February - - - 34.45 33.47 34.08 34.08 33.85 33.97 34.74 34.57 34.66 34.18 34.07 34.13 

March - - - 35.28 34.49 34.99 34.36 33.55 34.2 34.14 33.69 33.99 34.43 34.3 34.37 
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 Water Salinity 

Year 2010 2011 2012 2013 2014 

Month Max. Min. Mean Max. Min. Mean Max. Min. Mean Max. Min. Mean Max. Min. Mean 

April - - - 34.5 34.2 34.41 33.99 33.36 33.8 34.35 34.01 34.17 34.4 34.38 34.39 

May 34.31 33.7 34.04 35.29 34.72 35.13 34.1 33.19 33.85 34.19 34.07 34.13 34.89 34.6 34.69 

June 33.54 33.14 33.38 34.64 34.38 34.52 33.87 33.49 33.65 34.29 34.09 34.18 34.48 34.31 34.41 

July 34.4 33.34 33.94 35 34.73 34.87 34.17 33.68 34.02 34.39 34.19 34.28 34.46 34.19 34.36 

August 34.19 33.33 33.81 35 34.77 34.89 34.84 33.93 34.44 34.25 34.06 34.14 34.43 34.27 34.33 

September 34.29 34.08 34.21 34.5 34.25 34.38 35.24 32.8 34.99 34.2 34.03 34.1 34.5 34.28 34.35 

October 34.53 33.9 34.25 34.87 34.6 34.75 34.86 34.6 34.71 33.93 33.4 33.85 - - - 

November 34.39 33.95 34.12 34.81 34.52 34.7 - - - - - - 34.32 34.16 34.29 

December 34.55 34.1 34.37 - - - - - - - - - - - - 

Table B.3 : Maximum, minimum and mean dissolved oxygen saturation levels (%) of the water column recorded for each survey from May 2010 to November 2014. 

 Dissolved Oxygen (% saturation) 

Year 2010 2011 2012 2013 2014 

Month Max. Min. Mean Max. Min. Mean Max. Min. Mean Max. Min. Mean Max. Min. Mean 

January - - - 103 97.5 99.7 101.4 98.4 100.1 - - - - - - 

February - - - 100.4 97.6 99.2 104 99.5 101.9 109.3 98.2 100.8 100.3 96.3 99 

March - - - 103.2 98.4 100.4 104.8 99.4 101.8 - - - 106 92 103.1 

April - - - 105.5 102.2 104.4 106.1 98.6 101.2 - - - 107.3 103.6 106.5 

May 113.8 100.7 105.5 110.1 102.3 105 103.9 96.8 100.6 120.3 104.3 111 109.7 97.1 103.2 

June - - - 99.8 94.6 97.2 100.1 94.5 96.8 109.6 95 104.6 113.3 101.9 108.3 

July 106.2 99.9 102.6 107 97.2 100.8 103.2 95.7 98.3 118.9 2 108.6 104.2 94.6 100.6 

August 109 97.7 100.6 103.2 92.7 96.5 103.8 96.1 98.5 - - - 98.2 91.7 96.1 

September 101.8 93 95.9 104.6 94.8 97.9 106.2 94.9 98.7 95 91.5 93.2 100.3 90.2 94.6 
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 Dissolved Oxygen (% saturation) 

Year 2010 2011 2012 2013 2014 

Month Max. Min. Mean Max. Min. Mean Max. Min. Mean Max. Min. Mean Max. Min. Mean 

October 106.1 95.1 99.5 102.1 95.8 98.7 105.3 93.6 96.5 121.1 95.9 112.1 - - - 

November 106.5 95.5 98.6 108.6 94.9 98.1 - - - - - - 117.8 90.6 91.7 

December 105.1 96.4 99.6 - - - - - - - - - - - - 

Table B.4 : Maximum, minimum and mean dissolved oxygen concentration (mg L-1) of the water column recorded for each survey from May 2010 to November 2014. 

 Dissolved Oxygen (mg L
-1
) 

Year 2010 2011 2012 2013 2014 

Month Max. Min. Mean Max. Min. Mean Max. Min. Mean Max. Min. Mean Max. Min. Mean 

January - - - 9.98 9.44 9.68 9.44 9.1 9.27 - - - - - - 

February - - - 9.78 9.53 9.65 9.94 9.54 9.78 10.59 9.46 9.73 9.63 9.24 9.5 

March - - - 9.92 9.43 9.61 9.93 9.4 9.61 - - - 10 8.7 9.72 

April - - - 9.77 9.44 9.65 9.74 9.15 9.37 - - - 9.9 9.56 9.83 

May 10.47 9.22 9.69 9.68 8.98 9.23 9.49 8.82 9.17 10.69 9.32 9.95 9.66 8.52 9.08 

June - - - 8.51 8.08 8.28 8.62 8.22 8.45 9.47 8.24 9.09 9.75 8.7 9.29 

July 8.7 8.2 8.42 8.74 7.97 8.24 8.63 8.05 8.24 9.87 7.85 9.13 8.42 7.6 8.14 

August 8.77 7.87 8.09 8.25 7.42 7.71 8.48 7.83 8.02       7.79 7.26 7.62 

September 8.25 7.53 7.76 8.53 7.72 7.98 8.64 7.7 8.03 7.66 7.37 7.51 7.98 7.19 7.53 

October 8.79 7.82 8.2 8.35 7.83 8.07 8.79 7.81 8.05 10.25 8.13 9.47 - - - 

November 9.36 8.37 8.62 9.3 8.06 8.37 - - - - - - 9.81 7.54 7.65 

December 10.05 9.13 9.43 - - - - - - - - - - - - 
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Table B.5 : Maximum, minimum and mean water pH values recorded for each survey from May 2010 to November 2014. 

 Water pH 

Year 2010 2011 2012 2013 2014 

Month Max. Min. Mean Max. Min. Mean Max. Min. Mean Max. Min. Mean Max. Min. Mean 

January - - - 8.2 7.96 8.01 8.09 8.02 8.06 - - - - - - 

February - - - 7.84 7.68 7.78 8.06 7.98 8.02 8.23 7.86 8.09 8.25 8.2 8.21 

March - - - 8.41 7.79 8.33 8.11 7.89 8.05 8.32 8.23 8.27 8.31 8.2 8.26 

April - - - 8.26 7.76 7.9 8.2 8.02 8.15 - - - 8.21 8.16 8.19 

May 8.34 7.78 8.19 8.24 7.98 8.13 8.14 7.96 8.04 - - - 8.19 7.25 7.52 

June - - - 7.82 6.94 7.46 8.17 7.27 7.65 - - - 8.46 8.41 8.43 

July 8.25 7.84 8.08 8.15 7.96 8.11 8.2 7.92 8.14 8.46 8.4 8.44 8.22 8.04 8.18 

August 8.18 7.92 8.14 7.94 7.69 7.86 8.13 7.97 8.05 8.43 8.33 8.38 8.32 8.28 8.29 

September 8.1 7.93 8.04 - - - 8.19 8.12 8.15 8.42 8.37 8.39 8.36 8.3 8.31 

October 8.09 7.87 8.04 8.11 7.96 8.04 8.2 8.11 8.16 8.39 8.37 8.38 - - - 

November 8.23 7.99 8.17 8.11 7.94 8.07 - - - - - - 8.18 7.96 8.13 

December 8.15 7.86 8.07  - - - - - - - - - - - - 

Table B.6 : Minimum, maximum and mean chlorophyll in vivo concentrations (µg L-1) recorded for each survey from May 2010 to October 2012. 

 Chlorophyll in vivo (µg L
-1
) 

Year 2010 2011 2012 

Month Max. Min. Mean Max. Min. Mean Max. Min. Mean 

January - - - 2.6 0.3 1.3 38.2 0 0.9 

February - - - 5.5 0.3 1.4 16.9 0.6 1.4 

March - - - 4.2 0 1 2.1 0.2 1.1 

April - - - 3.6 0.9 2 15.1 0.8 3.2 

May 31.8 0.1 2.5 33.6 1.9 3.9 37.8 1.4 4.2 
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 Chlorophyll in vivo (µg L
-1
) 

Year 2010 2011 2012 

Month Max. Min. Mean Max. Min. Mean Max. Min. Mean 

June - - - 35.9 0.3 1.7 7.2 0 0.7 

July 71.3 0 3.4 28 0.1 1.4 5.3 0.5 1.4 

August 31.1 0.6 2.7 2.5 0.5 1.4 6.1 1.1 2.3 

September 7.9 0 0.7 11 0.6 1.6 16 0.1 1.8 

October 13 0 1 12.9 0 0.7 12.6 0 0.9 

November 10.3 0 0.6 15.6 0 0.7 - - - 

December 2.2 0 0.2 - - - - - - 

Table B.7 : Minimum, maximum and mean turbidity values (NTU) recorded for each survey from May 2010 to October 2012. 

 Turbidity (NTU) 

Year 2010 2011 2012 

Month Max. Min. Mean Max. Min. Mean Max. Min. Mean 

January - - - 10.3 5 6.8 12.8 4.7 8.6 

February - - - 14.1 2.2 5.7 11.8 5.5 9.9 

March - - - 6.5 1.2 2.5 9.3 3.8 6.7 

April - - - 5.1 0.9 2.1 5.8 0 1.4 

May 12 0 1.7 12.6 0.9 4.7 10 0.5 3.3 

June - - - 9.5 0.2 2.1 5.6 0 1.2 

July 7.1 0.6 3.2 28 0.1 1.4 5.5 1 2.2 

August 9.3 0 1.3 4.1 1.4 2.5 10.6 0.8 2.9 

September 7.6 2.9 4.9 10.9 0 0.9 8.2 1 4.8 

October 6.6 0 2.3 5.3 0.6 3.4 2.4 0.2 1.2 

November 11.4 1 4.5 5.6 2.2 3.8 - - - 
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 Turbidity (NTU) 

Year 2010 2011 2012 

Month Max. Min. Mean Max. Min. Mean Max. Min. Mean 

December 30 0 0.8 - - - - - - 

Table B.8 : Minimum, maximum and mean ORP or Redox values (mV) recorded for each survey from March 2013 to November 2014. 

 Water ORP (mV) 

Year 2013 2014 

Month Max. Min. Mean Max. Min. Mean 

January - - - - - - 

February - - - 373.7 329.6 354.8 

March 439.9 398.6 417.3 464.8 309.4 404.2 

April - - - 291.1 288.7 289.5 

May 375.1 319.6 347.7 - - - 

June 413.8 370 395.9 414.8 276.4 366.3 

July 374.5 321.8 360.7 319.6 297.4 309.1 

August - - - 381.3 287.4 311.9 

September 427.4 388.3 399.5 391.2 305.3 347 

October 332.3 262.5 309 - - - 

November - - - - - - 

December - - - - - - 
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Appendix C. Water Quality – Statistical Analysis on Results 
Reported from May 2010 to April 2011 

Hydrocarbons, some metals, the majority of nutrients and physico-chemical determinands were not included in 

statistical analysis as they were predominantly below the limit of detection, with little or no variation between 

samples within the same month. 

(a) Cations and anions 

All cations and anions were included in this analysis. To examine any differences in the anions and cations 

recorded between tides (ebb vs. flood), depth (surface vs. mid-depth) or sampling sites a two-way crossed 

ANOSIM test (depth vs. site) and a one-way ANOSIM (tides only) were applied to the data. There were no 

significant differences between samples from different tidal states (ebb vs. flood) (R = -0.003, p = 0.752), from 

different depths (surface vs. mid-depth) (R = -0.019, p = 0.248) or from different sites (Global R = -0.021 

p = 0.978). 

A one-way ANOSIM indicated significant differences between sampling months (Global R = 0.521, p = 0.01). 

Pairwise comparisons showed that in most cases the R values were low, indicating substantial overlap in 

sample similarity between months. Bigger differences occurred between late spring/summer months compared 

with late autumn/winter months. The principal components analysis (PCA) plot for the anion and cation 

concentrations shows the samples to be loosely clustered within most months but for individual months to 

overlap with one another and remain in close proximity much of the time (Figure C.1). In fact, most of the 

samples were clustered away from the direction of the determinands vectors suggesting strong similarity 

between the samples. 
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Figure C.1 : PCA plot of anions and cations data displayed by sampling month, obtained from seawater samples from north 

Anglesey between May 2010 and April 2011. 
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(b) Nutrients 

Most of the nutrients analysed were at or below the limits of detection and therefore no differences were 

apparent between any of the sites sampled or the flood and ebb tide samples. Only dissolved organic carbon 

(DOC), total organic carbon (TOC), nitrogen as N (N) and total suspended solids (TSS) showed any regular 

readings above the limit of detection.  

Data for each of these determinands were pooled for the whole year. The data were not normally distributed 

and therefore the non-parametric Kruskal-Wallis test was used to analyse for any differences between sampling 

sites and tidal states. For each of the four determinands (DOC, TOC, N and TSS) the tests showed no 

significant differences between sampling sites or tidal states over the entire year in every single test conducted 

(p > 0.05 in all cases). 

(c) Metals 

Metals included in this analysis were arsenic, boron, copper, lead, nickel and zinc. The remaining metal 

compounds (selenium, cobalt, tin, vanadium, cadmium, manganese, mercury and chromium) were not used in 

the statistical analysis as they were rarely recorded above the limit of detection and would therefore have been 

regarded as the same across all samples. 

To examine any differences in the metal concentrations reported between tides (ebb vs. flood), depth (surface 

vs. mid-depth) or sampling sites, a two-way crossed ANOSIM test (depth vs. site) and a one-way ANOSIM 

(tides only) were applied to the data. There were no significant differences between samples from different tidal 

states (ebb vs. flood) (R = 0.002, p = 0.24), from different depths (surface vs. mid-depth) (R = 0.006, p = 0.248) 

or from different sites (Global R = 0.035, p = 0.4).  

A one-way ANOSIM indicated significant differences between sampling months (Global R = 0.35, p = 0.001). 

Pairwise comparisons showed that in most cases the R values were very low, indicating substantial overlap in 

sample similarity between months. Bigger differences occurred between spring/summer months compared with 

autumn/winter months or between samples taken a year apart e.g. May 2010 compared with April 2011. The 

PCA plot for metal concentrations shows samples to be clustered within most months but to overlap with one 

another for individual months and remain in close proximity much of the time (Figure C.2). Indeed, most of the 

samples were clustered away from the direction of the determinands vectors suggesting generally low 

concentrations of metals in most samples with occasional higher values in samples away from the main cluster. 
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Figure C.2 : PCA plot of metal, carbon and nitrogen concentration data displayed by sampling month, obtained from seawater 

samples from north Anglesey between May 2010 and April 2011. 
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Appendix D. Water Quality – Laboratory Analysis Results. Annual Averages 

This Appendix presents the annual average for each calendar year. It must be noted that depending on the year, the annual average is based on 12 months or less. Please 

refer to Section 3.2.2 for further details. The annual average has been presented as a way to summarise all data available.  

Table D.1 : Physico-chemical properties. MRVs and Annual Average reported between 2010 and 2014. Compounds shaded in grey were not monitored in that particular year. 

Compound Units MRV 2010 2011 2012 2013 2014 

pH pH Units 0.05 8.07 8.04 8.04 8.03 8.12 

Alkalinity to pH 4.5 as CaCO3 mg L
-1 

 5 73.30 74.78 75.01 74.82 - 

BOD 5 Day ATU mg L
-1 

 1 <2.90 1.45 1.25 <1.00 - 

Chemical Oxygen Demand {COD} mg L
-1 

 300 342 <500 <500 <500 - 

Organic Carbon: Dissolved as C {DOC} mg L
-1 

 0.2 1.39 1.30 1.23 - 1.40 

Organic Carbon: Total as C {TOC} mg L
-1 

 1 1.25 4.47 1.26 - 1.28 

Suspended Solids at 105 ºC mg L
-1 

 3 6.41 6.13 7.12 - 13.04 

Table D.2 : Cations and Anions concentrations. MRVs, Annual Average reported between 2010 and 2014. Compounds shaded in grey were not monitored in that particular year. 

Compound Units MRV 2010 2011 2012 2013 2014 

Bromide mg L
-1
 0.05 66.1 68.2 68.3 - 64.5 

Calcium mg L
-1
 10 399 403 413 - - 

Calcium, Dissolved mg L
-1
 10 392 404 414 - 409 

Potassium mg L
-1
 1 374 377 368 - - 

Potassium, Dissolved mg L
-1
 1 372 377 363 - 389 

Sodium mg L
-1
 20 10128 10481 10466 - - 

Sodium, Dissolved mg L
-1
 20 10078 10478 10372 - 9929 

Sulphate as SO4 mg L
-1
 5 2548 2623 2659 - - 

Sulphate, Dissolved as SO4 mg L
-1
 5 2565 2637 2626 - 2535 
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Table D.3 : Nutrients concentrations. MRVs, EQSs and Annual Average reported between 2010 and 2014. Compounds shaded in grey were not monitored in that particular year. 

Compound Units MRV EQS 2010 2011 2012 2013 2014 

Orthophosphate as P (Filtered) mg L
-1
 0.01 n/a 0.020 0.021 0.021 0.019 0.015 

Silicate as SiO2 (Filtered) mg L
-1
 0.2 n/a <0.2 <0.2 0.218 <0.200 0.243 

Nitrate as N (Filtered) mg L
-1
 n/a n/a <0.1 <0.1 <0.1 <0.1 <0.1 

Nitrite as N (Filtered) mg L
-1
 0.004 n/a 0.0046 0.005 <0.004 <0.00400 0.0061 

Nitrogen as N mg L
-1
 0.1 n/a 0.126 0.170 0.195 - 0.256 

Nitrogen, Total Oxidised as N (Filtered) mg L
-1
 0.1 n/a <0.1 <0.100 <0.100 <0.100 <0.1 

Nitrogen,  Total Oxidised as N mg L
-1
 0.2 n/a <0.200 <0.200 <0.100 - - 

Nitrogen : Total Organic as N mg L
-1
 n/a n/a <0.986 <0.985 <0.980 - <0.973 

Nitrogen : Inorganic, Filtered as N mg L
-1
 n/a n/a <0.21 <0.21 <0.120 <0.120 <0.120 

Nitrogen, Kjeldahl as N mg L
-1
 n/a n/a <1.00 <1.00 <1.00 - <1.00 

Ammoniacal Nitrogen as N (Filtered) mg L
-1
 0.02 n/a <0.02 <0.02 <0.02 <0.0200 <0.0200 

Ammoniacal Nitrogen as N mg L
-1
 0.01 n/a 0.035 <0.01 <0.02 - - 

Ammonia un-ionised as N g L
-1

 n/a 21 <0.476 <0.504 <0.435 <0.472 <0.958 

Note: Values reported in red were calculated in house using the same algorithm than the laboratory and not reported directly by the laboratory. 

 Table D.4 : Metals. MRVs, EQSs and Annual Average reported between 2010 and 2014. Compounds shaded in grey were not monitored in that particular year.  

Compound Units MRV EQS 2010 2011 2012 2013 2014 

Arsenic, Total µg L
-1
 1 25 1.57 1.53 1.52 - - 

Arsenic, Dissolved µg L
-1
 1 25 1.43 1.42 1.53 - 1.41 

Copper, Total µg L
-1
 0.2 5 0.95 0.87 0.92 - - 

Copper, Dissolved µg L
-1
 0.2 5 0.82 0.60 0.64 - 0.73 

Lead, Total µg L
-1
 0.04 7.2 0.62 0.81 0.93 - - 

Lead, Dissolved µg L
-1
 0.04 7.2 0.32 0.31 0.22 - 0.42 

Nickel, Total µg L
-1
 0.3 20 0.46 0.49 0.57 - - 
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Compound Units MRV EQS 2010 2011 2012 2013 2014 

Nickel, Dissolved µg L
-1
 0.3 20 0.42 0.37 0.36 - 0.44 

Zinc, Total µg L
-1
 0.4 40 6.49 5.85 6.54 - - 

Zinc, Dissolved µg L
-1
 0.4 40 6.35 5.31 5.32 - 7.87 

Boron, Total µg L
-1
 700 7000 4754 4740 4745 - - 

Boron, Dissolved µg L
-1
 700 7000 4736 4800 4713 - 4367 

Mercury, Total (*) µg L
-1
 0.01 0.05* 0.016 <0.01 <0.01 - <0.01 

Mercury, Dissolved  µg L
-1
 0.01 0.05* <0.01 <0.01 <0.01 - <0.01 

Chromium, Total µg L
-1
 0.5 15 0.372 0.61 <0.5 - - 

Chromium, Dissolved µg L
-1
 0.5 15 1.069 0.58 <0.5 - <0.5 

Cadmium, Total µg L
-1
 0.04 0.2 <0.04 <0.04 <0.04 - - 

Cadmium, Dissolved µg L
-1
 0.04 0.2 <0.04 <0.04 <0.04 - <0.03 

Selenium, Total µg L
-1
 1 n/a <1 <1.00 <1.00 - - 

Selenium, Dissolved µg L
-1
 1 n/a <1 <1.00 <1.00 - <1 

Cobalt, Total  µg L
-1
 10 3** <10 <10 <10 - - 

Cobalt, Dissolved µg L
-1
 10 3** <10 <10 <10 - <10 

Tin, Total µg L
-1
 25 10** <25 <20 <20 - - 

Tin, Dissolved µg L
-1
 25 10** <25 <20 <20 - <20 

Vanadium, Total µg L
-1
 20 100 <20 <20 <20 - - 

Vanadium, Dissolved µg L
-1
 20 100 <20 <20 <20 - <20 

Manganese, Total µg L
-1
 20 n/a <20 <20 <20 - - 

Manganese, Dissolved µg L
-1
 20 n/a <20 <20 <20 - <20 

Iron, Dissolved µg L
-1
 100 1000 - - - - <100 

* According to the directions given to the Environment Agency in connection with the Water Framework Directive (2000/60/EC) and Priority Substance Directive (2008/105/EC), The River Basin Districts Typology, 

Standards and Groundwater Threshold values (Water Framework Directive) (England and Wales) Directions 2010, from August 2010, mercury EQS should be calculated from biota samples (20 µg Kg
-1 

of prey tissue). 

Nevertheless, regulatory bodies in England and Wales still use the mercury EQS stated in this report as guidance for other purposes. 
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** These EQSs for List II substances have been initially proposed through research programmes run by Defra and other regulatory bodies (such as the Environment Agency), based on a critical assessment of all the 

available data. While they remain non-statutory, they are used by regulatory bodies. 

Table D.5 : TPHs, PCBs and PAHs. MRVs, EQSs and Annual Average reported between 2010 and 2014. Compounds shaded in grey were not monitored in that particular year. 

Compound Units MRV EQS 2010 2011 2012 2013 2014 

Hydrocarbons Screen >C5 - C44 mg L
-1
 0.2 n/a <0.2 <0.2 <0.2 - <0.2 

PCB 008 µg L
-1
 0.001 n/a <0.001 <0.001 <0.001 - <0.001 

PCB 020 µg L
-1
 0.001 n/a <0.001 <0.001 <0.001 - <0.001 

PCB 028 µg L
-1
 0.001 n/a <0.001 <0.001 <0.001 - <0.001 

PCB 031 µg L
-1
 0.001 n/a <0.001 <0.001 <0.001 - <0.001 

PCB 035 µg L
-1
 0.001 n/a <0.001 <0.001 <0.001 - <0.001 

PCB 052 µg L
-1
 0.001 n/a <0.001 <0.001 <0.001 - <0.001 

PCB 077 µg L
-1
 0.001 n/a <0.001 <0.001 <0.001 - <0.001 

PCB 101 µg L
-1
 0.001 n/a <0.001 <0.001 <0.001 - <0.001 

PCB 105 µg L
-1
 0.001 n/a <0.001 <0.001 <0.001 - <0.001 

PCB 118 µg L
-1
 0.001 n/a <0.001 <0.001 <0.001 - <0.001 

PCB 126 µg L
-1
 0.001 n/a <0.001 <0.001 <0.001 - <0.001 

PCB 128 µg L
-1
 0.001 n/a <0.001 <0.001 <0.001 - <0.001 

PCB 138 µg L
-1
 0.001 n/a <0.001 <0.001 <0.001 - <0.001 

PCB 149 µg L
-1
 0.001 n/a <0.001 <0.001 <0.001 - <0.001 

PCB 153 µg L
-1
 0.001 n/a <0.001 <0.001 <0.001 - <0.001 

PCB 156 µg L
-1
 0.001 n/a <0.001 <0.001 <0.001 - <0.001 

PCB 169 µg L
-1
 0.001 n/a <0.001 <0.001 <0.001 - <0.001 

PCB 170 µg L
-1
 0.001 n/a <0.001 <0.002 <0.002 - <0.002 

PCB 180 µg L
-1
 0.001 n/a <0.001 <0.002 <0.002 - <0.002 

Acenaphthene µg L
-1
 0.01 n/a <0.01 <0.01 <0.01 - <0.01 

Acenaphthylene µg L
-1
 0.01 n/a <0.01 <0.01 <0.01 - <0.01 
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Compound Units MRV EQS 2010 2011 2012 2013 2014 

Anthracene µg L
-1
 0.01 0.1 <0.01 <0.01 <0.01 - <0.01 

B(a)anthracene µg L
-1
 0.01 n/a <0.01 <0.01 <0.01 - <0.01 

B(a)pyrene µg L
-1
 0.01 0.05 <0.01 <0.01 <0.01 - <0.01 

B(b)fluoranthene µg L
-1
 0.01 0.03 <0.01 <0.01 <0.01 - <0.01 

B(e)pyrene µg L
-1
 0.01 n/a <0.01 <0.01 <0.01 - <0.01 

B(ghi)perylene µg L
-1
 0.01 0.002 <0.01 <0.01 <0.01 - <0.01 

B(k)fluoranthene µg L
-1
 0.01 0.03 <0.01 <0.01 <0.01 - <0.01 

Chrysene µg L
-1
 0.01 n/a <0.01 <0.01 <0.01 - <0.01 

DiB(ah)anthracene µg L
-1
 0.01 n/a <0.01 <0.01 <0.01 - <0.01 

Fluoranthene µg L
-1
 0.01 n/a <0.01 <0.01 <0.01 - <0.01 

Fluorene µg L
-1
 0.01 n/a <0.01 <0.01 <0.01 - <0.01 

Indeno(1,2,3-cd)Pyrene µg L
-1
 0.01 0.002 <0.01 <0.01 <0.01 - <0.01 

Naphthalene µg L
-1
 0.01 1.2 <0.01 <0.01 <0.01 - <0.01 

Perylene µg L
-1
 0.01 n/a <0.01 <0.01 <0.01 - <0.01 

Phenanthrene µg L
-1
 0.01 n/a <0.01 <0.01 <0.01 - <0.01 

Pyrene µg L
-1
 0.01 n/a <0.01 <0.01 <0.01 - <0.01 

Table D.6 : VOCs. MRVs, EQSs, Annual Average reported between 2010 and 2014. Compounds shaded in grey were not monitored in that particular year. 

Compound Units MRV EQS 2010 2011 2012 2013 2014 

1,1,1,2-Tetrachloroethane µg L
-1
 0.1 n/a - - - - <0.1 

1,1,1-Trichloroethane µg L
-1
 0.1 100 <0.10 <0.1 <0.1 - <0.1 

1,1,2,2-Tetrachloroethane µg L
-1
 0.1 n/a - - - - <0.1 

1,1,2-Trichloroethane µg L
-1
 0.5 300 <0.50 <0.5 <0.5 - <0.1 

1,1-Dichloroethane µg L
-1
 0.1 n/a <0.10 <0.1 <0.1 - <0.1 

1,1-Dichloroethylene :- {1,1-Dichloroethene} µg L
-1
 0.5 n/a <0.10 <0.1 <0.1 - <0.1 
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Compound Units MRV EQS 2010 2011 2012 2013 2014 

1,1-Dichloropropylene :- {1,1-Dichloropropene} µg L
-1
 0.1 n/a <0.10 <0.1 <0.1 - <0.1 

1,2,3-Trichlorobenzene µg L
-1
 0.1 n/a - - - - <0.5 

1,2,3-Trichloropropane µg L
-1
 0.5 n/a <0.50 <0.5 <0.5 - <0.5 

1,2,3-Trimethylbenzene µg L
-1
 0.1 n/a <0.10 <0.1 <0.1 - <0.1 

1,2,4-Trichlorobenzene µg L
-1
 0.1 n/a - - - - <0.5 

1,2,4-Trimethylbenzene µg L
-1
 0.1 n/a <0.10 <0.1 <0.1 - <0.1 

1,2-Dibromo-3-chloropropane µg L
-1
 0.1 n/a <0.10 <0.1 <0.1 - <0.1 

1,2-Dibromoethane µg L
-1
 0.1 n/a <0.10 <0.1 <0.1 - <0.1 

1,2-Dichlorobenzene µg L
-1
 0.1 n/a <0.10 <0.1 <0.1 - <0.1 

1,2-Dichloroethane µg L
-1
 0.1 10 <0.10 <0.1 <0.1 - <0.1 

1,2-Dichloropropane µg L
-1
 0.1 n/a <0.10 <0.1 <0.1 - <0.1 

1,2-Dimethylbenzene :- {o-Xylene} µg L
-1
 0.1 n/a <0.10 <0.1 <0.1 - <0.1 

1,3,5-Trichlorobenzene µg L
-1
 0.1 n/a - - - - <0.5 

1,3,5-Trimethylbenzene :- {Mesitylene} µg L
-1
 0.1 n/a <0.10 <0.1 <0.1 - <0.1 

1,3-Dichlorobenzene µg L
-1
 0.5 n/a <0.50 <0.5 <0.5 - <0.5 

1,3-Dichloropropane µg L
-1
 0.1 n/a <0.10 <0.1 <0.1 - <0.1 

1,4-Dichlorobenzene µg L
-1
 0.1 n/a <0.10 <0.1 <0.1 - <0.1 

2,2-Dichloropropane µg L
-1
 0.1 n/a <0.10 <0.1 <0.1 - <0.1 

2-Chlorotoluene :- {1-Chloro-2-methylbenzene} µg L
-1
 0.1 n/a <0.10 <0.1 <0.1 - <0.1 

3-Chlorotoluene :- {1-Chloro-3-methylbenzene} µg L
-1
 0.1 n/a <0.10 <0.1 <0.1 - <0.1 

4-Chlorotoluene :- {1-Chloro-4-methylbenzene} µg L
-1
 0.1 n/a <0.10 <0.1 <0.1 - <0.1 

4-Isopropyltoluene :- {4-methyl-Isopropylbenzene} µg L
-1
 0.1 n/a <0.10 <0.1 <0.1 - <0.1 

Benzene µg L
-1
 0.1 50 <0.10 <0.1 <0.1 - <0.1 

Bromobenzene µg L
-1
 0.1 n/a <0.10 <0.1 <0.1 - <0.1 

Bromochloromethane µg L
-1
 0.1 n/a <0.10 <0.1 <0.1 - <0.1 
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Compound Units MRV EQS 2010 2011 2012 2013 2014 

Bromodichloromethane µg L
-1
 0.1 n/a <0.10 <0.1 <0.1 - <0.1 

Bromoform :- {Tribromomethane} µg L
-1
 0.1 20 <0.10 <0.1 0.12 - <0.1 

Carbon Disulphide µg L
-1
 0.1 n/a - - - - <0.1 

Carbon tetrachloride :- {Tetrachloromethane} µg L
-1
 0.1 n/a <0.10 <0.1 <0.1 - <0.1 

Chlorobenzene µg L
-1
 0.1 n/a <0.10 <0.1 <0.1 - <0.1 

Chlorodibromomethane µg L
-1
 0.1 n/a <0.10 <0.1 <0.1 - <0.1 

Chloroform :- {Trichloromethane} µg L
-1
 0.1 2.5 <0.10 <0.1 <0.1 - <0.1 

Chloromethane :- {Methyl Chloride} µg L
-1
 0.1 n/a - - - - <0.5 

Dibromomethane µg L
-1
 0.1 n/a <0.10 <0.1 <0.1 - <0.1 

Dichloromethane :- {Methylene Dichloride} µg L
-1
 0.5 20 <0.50 <3 <3 - <0.5 

DiMeBenzene 13+14 µg L
-1
 0.2 n/a <0.20 <0.2 <0.2 - <0.2 

Ethyl tert-butyl ether :- {ETBE} µg L
-1
 0.1 n/a - - - - <0.1 

Ethylbenzene µg L
-1
 0.1 20 <0.10 <0.1 <0.1 - <0.1 

Hexachlorobutadiene µg L
-1
 0.1 0.1 - - - - <0.5 

Hexachloroethane µg L
-1
 0.1 n/a - - - - <0.5 

Isopropylbenzene µg L
-1
 0.1 n/a <0.10 <0.1 <0.1 - <0.1 

MTBE :- {Methyl tert-butyl ether} µg L
-1
 0.1 n/a - - - - <0.1 

Styrene :- {Vinylbenzene} µg L
-1
 0.1 50 <1.00 <0.1 <0.1 - <0.5 

Tetrachloroethylene :- {Perchloroethylene} µg L
-1
 0.1 10 <0.10 <0.1 <0.1 - <0.1 

Toluene :- {Methylbenzene} µg L
-1
 0.1 40 <0.10 <0.1 <0.1 - <0.1 

Trichloroethylene :- {Trichloroethene} µg L
-1
 0.1 10 <0.10 <0.1 <0.1 - <0.1 

Trichlorofluoromethane µg L
-1
 0.1 n/a - - - - <0.1 

Vinyl Chloride :- {Chloroethylene} µg L
-1
 0.1 n/a - - - - <0.1 

cis-1,2-Dichloroethylene :- {cis-1,2-Dichloroethene} µg L
-1
 0.1 n/a <0.10 <0.1 <0.1 - <0.1 

cis-1,3-Dichloropropylene :- {cis-1,3-Dichloropropene} µg L
-1
 0.1 n/a <0.10 <0.1 <0.1 - <0.1 
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Compound Units MRV EQS 2010 2011 2012 2013 2014 

n-ButylBenzene :- {1-Phenylbutane} µg L
-1
 0.1 n/a <0.10 <0.1 <0.1 - <0.1 

n-Propylbenzene :- {1-phenylpropane} µg L
-1
 0.1 n/a <0.10 <0.1 <0.1 - <0.1 

sec-Butylbenzene :- {1-Methylpropylbenzene} µg L
-1
 0.1 n/a <0.10 <0.1 <0.1 - <0.1 

tert-Amyl methyl ether :- {TAME} µg L
-1
 0.1 n/a - - - - <0.1 

tert-Butylbenzene :- {(1,1-Dimethylethyl)benzene} µg L
-1
 0.1 n/a <0.10 <0.1 <0.1 - <0.1 

trans-1,2-Dichloroethylene :- {trans-1,2-Dichloroethene} µg L
-1
 0.1 n/a <0.10 <0.1 <0.1 - <0.1 

trans-1,3-Dichloropropylene :- {trans-1,3-Dichloropropene} µg L
-1
 0.1 n/a <0.10 <0.1 <0.1 - <0.5 

Di-2-ethylhexyl phthalate :- {DEHP} µg L
-1
 0.2 1.3 - - - - <0.400 

Table D.7 : Phenols. MRVs, EQSs, Annual Average reported between 2010 and 2014. Compounds shaded in grey were not monitored in that particular year. 

Compound Units MRV EQS 2010 2011 2012 2013 2014 

2,3,5,6-Tetrachlorophenol µg L
-1
 0.02 n/a <0.02 <0.02 <0.02 - <0.02 

2,3-Dichlorophenol µg L
-1
 0.02 n/a <0.02 <0.02 <0.02 - <0.02 

2,3-Dimethylphenol :- {2,3-Xylenol} µg L
-1
 0.02 n/a <0.02 <0.02 <0.02 - <0.02 

2,4,5-Trichlorophenol µg L
-1
 0.02 n/a <0.02 <0.02 <0.02 - <0.02 

2,4,6-Trichlorophenol µg L
-1
 0.02 n/a <0.02 <0.02 <0.02 - <0.02 

2,4-Dichlorophenol µg L
-1
 0.02 20 <0.02 <0.02 <0.02 - <0.02 

2,4-Dimethylphenol :- {2,4-Xylenol} µg L
-1
 0.02 n/a <0.02 <0.02 <0.02 - <0.02 

2,5-Dichlorophenol µg L
-1
 0.02 n/a <0.02 <0.02 <0.02 - <0.02 

2,5-Dimethylphenol :- {2,5-Xylenol} µg L
-1
 0.02 n/a <0.02 <0.02 <0.02 - <0.02 

2,6-Dichlorophenol µg L
-1
 0.02 n/a <0.02 <0.02 <0.02 - <0.02 

2,6-Dimethylphenol :- {2,6-Xylenol} µg L
-1
 0.02 n/a <0.02 <0.02 <0.02 - <0.02 

2-Chlorophenol µg L
-1
 0.02 50 <0.02 <0.02 <0.02 - <0.02 

2-Ethylphenol µg L
-1
 0.02 n/a <0.02 <0.02 <0.02 - <0.02 

2-Methylphenol :- {o-Cresol} µg L
-1
 0.02 100 <0.02 <0.02 <0.02 - <0.02 
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Compound Units MRV EQS 2010 2011 2012 2013 2014 

3,4-Dimethylphenol :- {3,4-Xylenol} µg L
-1
 0.02 n/a <0.02 <0.02 <0.02 - <0.02 

3,5-Dimethylphenol :- {3,5-Xylenol} µg L
-1
 0.02 n/a <0.02 <0.02 <0.02 - <0.02 

3-Chlorophenol µg L
-1
 0.02 50 <0.02 <0.02 <0.02 - <0.02 

3-Methylphenol :- {m-Cresol} µg L
-1
 0.02 100 <0.02 <0.02 <0.02 - <0.02 

4-Chloro-2-methylphenol :- {p-Chloro-o-cresol} µg L
-1
 0.02 n/a <0.02 <0.02 <0.02 - <0.02 

4-Chloro-3,5-dimethylphenol :- {PCMX} µg L
-1
 0.02 n/a <0.02 <0.02 <0.02 - <0.02 

4-Chloro-3-methylphenol :- {p-Chloro-m-cresol} µg L
-1
 0.02 40 <0.02 0.058 0.060 - <0.02 

4-Chlorophenol µg L
-1
 0.02 50 <0.02 <0.02 <0.02 - <0.02 

4-Methylphenol :- {p-cresol} µg L
-1
 0.02 100 <0.03 <0.02 <0.02 - <0.02 

Pentachlorophenol µg L
-1
 0.02 0.4 <0.02 <0.02 <0.02 - <0.02 

Phenol µg L
-1
 0.05 7.7 0.136 0.101 0.071 - 0.062 

Table D.8 : Anticorrosive and CBPs. MRVs, EQSs, Annual Average reported in 2012 and 2013. 

Compound Units MRV EQS 2012 2013 

Hydrazine µg L
-1
 0.10 n/a <0.1 <0.1 

Ethanolamine µg L
-1
 0.10 n/a <0.1 <0.1 

Morpholine µg L
-1
 0.10 n/a <0.1 <0.1 

Trichloromethane (Chloroform) ng L
-1
 1.00 2500 10.69 19.4 

Bromodichloromethane ng L
-1
 1.00 n/a 3.35 6.0 

Dibromochloromethane ng L
-1
 1.00 n/a <1.0 <1.0 

Tribromomethane (Bromoform) ng L
-1
 1.00 n/a 6.32 16.3 

Dibromoacetonitrile ng L
-1
 1.00 n/a <1.0 <1.0 

Dichloroacetonitrile ng L
-1
 1.00 n/a <1.0 <1.0 

Trichlorophenol ng L
-1
 1.00 n/a <1.0 <1.0 

2,4,6-Tribromophenol ng L
-1
 1.00 n/a <1.0 <1.0 
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Compound Units MRV EQS 2012 2013 

2,4-Dibromophenol ng L
-1
 1.00 n/a <1.0 <1.0 

Bromophenol ng L
-1
 1.00 n/a <1.0 <1.0 

Monobromoacetic acid ng L
-1
 1.00 n/a <1.0 <1.0 

Dibromoacetic acid ng L
-1
 1.00 n/a 5.48 13.4 

Bromochloroacetic acid ng L
-1
 1.00 n/a 2.47 4.7 

Monochloroacetic acid ng L
-1
 1.00 n/a 6.08 12.1 

Dichloroacetic acid ng L
-1
 1.00 n/a <1.0 <1.0 

Bromate ng L
-1
 1.00 n/a <1.0 <1.0 

2-Bromocyclohexanol ng L
-1
 1.00 n/a <1.0 <1.0 

1,2-Dibromocyclohexanol ng L
-1
 1.00 n/a <1.0 <1.0 

Total Organic Carbon (TOC) mg L
-1
 1.00 n/a 3.76 6.5 
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Appendix E. Water Quality – Vertical Profiles Recorded Before 
and After the Non-operational Conditions Started 

Two sets of vertical profiles were produced per survey. The first set includes all sites included in previous year’s 

monitoring programme (WQ2, WQ4, WQ6, WQ7, WQ8 and WQ9). The second set includes the water column 

vertical profiles recorded at the two additional sites (OF1 and OF2) as well as sites WQ2, WQ4 and WQ6. The 

three latter sites were included in the second set to add context to the profiles recorded at the additional sites 

(see Figure 4.1). 
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Appendix F. Water Quality – Laboratory Analysis Results Reported Before and After the 
Non-operational Conditions Started 

Table F.1 : Physico-chemical properties. MRVs and mean values reported. 

Compound Units MRV Dec-15 Feb-16 

Temperature of Water Cel n/a 10.79 8.57 

pH pH Units 0.05 8.31 8.14 

Organic Carbon: Dissolved as C {DOC} mg L
-1
  0.2 0.55 0.70 

Organic Carbon: Total as C {TOC} mg L
-1
  1 <1 <1 

Suspended Solids at 105 °C mg L
-1
  3 16.35 16.63 

Table F.2 : Cations and Anions concentrations. MRVs and mean values reported. 

Compound Units MRV Dec-15 Feb-16 

Bromide mg L
-1
  0.05 65.9 66.9 

Calcium, Dissolved mg L
-1
  10 419 405 

Potassium, Dissolved mg L
-1
  1 404 412 

Sodium, Dissolved mg L
-1
  20 10525 10525 

Sulphate, Dissolved as SO4 mg L
-1
  5 2630 2578 

Table F.3 : Nutrients concentrations. MRVs, EQSs and mean values reported. 

Compound Units MRV EQS Dec-15 Feb-16 

Orthophosphate as P (Filtered) mg L
-1
 0.01 n/a 0.036 0.018 

Silicate as SiO2 (Filtered) mg L
-1
 0.2 n/a 0.2975 0.355 

Nitrate, Filtered as N (Filtered) mg L
-1
 0.1 n/a <0.100 <0.100 

Nitrite as N (Filtered) mg L
-1
 0.004 n/a <0.00400 <0.00400 

Nitrogen as N mg L
-1
 0.1 n/a 0.210 0.189 
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Compound Units MRV EQS Dec-15 Feb-16 

Nitrogen, Total Oxidised as N (Filtered) mg L
-1
 0.1 n/a <0.100 0.1025 

Nitrogen, Total Organic as N mg L
-1
 n/a n/a <0.980 <0.980 

Nitrogen, Inorganic, Filtered as N mg L
-1
 n/a n/a <0.120 <0.120 

Nitrogen, Kjeldahl as N mg L
-1
 n/a n/a <1.00 <1.00 

Ammoniacal Nitrogen as N (Filtered) mg L
-1
 0.02 n/a <0.0200 <0.0200 

Ammonia un-ionised as N g L
-1

 n/a 21 <0.782 <0.448 

Table F.4 : Metals concentrations. MRVs, EQSs and mean values reported. 

Compound Units MRV EQS Dec-15 Feb-16 

Arsenic, Dissolved µg L
-1
 1 25 1.73 1.53 

Copper, Dissolved µg L
-1
 0.2 3.76 0.63 0.50 

Lead, Dissolved µg L
-1
 0.04 1.3 0.07 0.05 

Nickel, Dissolved µg L
-1
 0.3 8.6 0.44 <0.3 

Zinc, Dissolved µg L
-1
 0.4 7.9 2.35 2.40 

Boron, Dissolved µg L
-1
 700 7000 4088 4235 

Mercury, Total µg L
-1
 0.01 0.07 <0.01 <0.01 

Mercury, Dissolved µg L
-1
 0.01 0.07 <0.01 <0.01 

Chromium, Dissolved µg L
-1
 0.5 15 <0.5 <0.5 

Cadmium, Dissolved µg L
-1
 0.04 0.2 <0.03 <0.03 

Selenium Dissolved µg L
-1
 1 n/a <1 <1 

Cobalt, Dissolved µg L
-1
 10 3* <10 <10 

Tin, Dissolved µg L
-1
 20 10* <20 <20 

Vanadium, Dissolved µg L
-1
 20 100 <20 <20 

Manganese, Dissolved µg L
-1
 20 n/a <20 <20 

Iron, Dissolved µg L
-1
 100 1000 <100 <100 
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* These EQSs for List II substances have been initially proposed through research programmes run by Defra and other regulatory bodies (such as the Environment Agency), based on a critical assessment of all the 

available data. While they remain non-statutory, they are used by regulatory bodies. 
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Appendix G. Water Quality – Vertical Profiles Recorded at 
Holyhead Deep 
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Appendix H. Water Quality – Laboratory Analysis Results Reported at Holyhead Deep 

Table H.1 : Physico-chemical results. 

Compound Units MRV Mean HHD_02 HHD_02 HHD_04 HHD_04 HHD_08 HHD_08 HHD_14 HHD_14 HHD_16 HHD_16 HHD_18 HHD_18 

Sampling Depth m n/a n/a 1 33.4 1 29.5 1 31 1 36 1 30 1 34.5 

Temperature of Water (in situ) ºC n/a 14.03 14.07 14.04 14.05 14.03 14.03 14.01 14.03 14.02 13.99 13.99 14.03 14.04 

pH (in situ) pH Units 0.05 8.21 8.22 8.21 8.22 8.21 8.21 8.21 8.20 8.20 8.21 8.20 8.20 8.20 

DO% (in situ) mg L
-1
 5 92.1 93.3 91.9 92.0 92.0 92.1 91.8 91.6 91.3 92.3 91.9 93.2 92.2 

BOD 5 Day ATU mg L
-1
 1 <1.00 <1.00 <1.00 <1.00 <1.00 1.15 <1.00 <1.00 <1.00 <1.00 <1.00 <1.00 <1.00 

Organic Carbon: Dissolved as C {DOC} mg L
-1
 0.2 1.06 1.10 1.20 1.00 1.10 1.10 1.00 1.10 1.00 1.00 1.10 0.90 1.10 

Organic Carbon: Total as C {TOC} mg L
-1
 1 0.81 0.80 0.86 0.79 0.84 0.77 0.86 0.80 0.81 0.78 0.84 0.77 0.79 

Suspended Solids at 105 C mg L
-1
 3 5.53 <3.00 6.50 3.60 14.70 <3.00 3.90 4.90 5.60 5.20 9.30 4.90 4.70 

Table H.2 : Anion and Cations concentrations. 

Compound Units MRV Mean HHD_02 HHD_02 HHD_04 HHD_04 HHD_08 HHD_08 HHD_14 HHD_14 HHD_16 HHD_16 HHD_18 HHD_18 

Sampling Depth m n/a n/a 1 33.4 1 29.5 1 31 1 36 1 30 1 34.5 

Bromide mg L
-1
 0.05 66.1 65.9 66.2 65.9 66.7 65.5 66.2 66.0 66.0 66.8 66.1 66.2 66.2 

Calcium, Dissolved mg L
-1
 10 425.4 427 411 439 404 437 406 434 439 424 409 421 454 

Potassium, Dissolved mg L
-1
 1 420.3 442 416 428 418 441 435 438 393 449 401 411 371 

Sodium, Dissolved mg L
-1
 20 10284.2 10400 10200 10500 10300 10300 10700 10300 9770 10500 10200 10600 9640 

Sulphate, Dissolved as SO4 mg L
-1
 5 2578.3 2560 2620 2550 2680 2480 2770 2490 2510 2600 2590 2590 2500 

Table H.3 : Nitrogen and Nutrients concentrations. 

Compound (Dissolved) Units MRV EQS Mean HHD_02 HHD_02 HHD_04 HHD_04 HHD_08 HHD_08 HHD_14 HHD_14 HHD_16 HHD_16 HHD_18 HHD_18 

Sampling Depth m n/a   n/a 1 33.4 1 29.5 1 31 1 36 1 30 1 34.5 

Nitrogen, as N mg L
-1
 0.1 n/a 0.183 0.165 0.166 0.179 0.180 0.182 0.190 0.171 0.213 0.186 0.205 0.182 0.182 
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Compound (Dissolved) Units MRV EQS Mean HHD_02 HHD_02 HHD_04 HHD_04 HHD_08 HHD_08 HHD_14 HHD_14 HHD_16 HHD_16 HHD_18 HHD_18 

Sampling Depth m n/a   n/a 1 33.4 1 29.5 1 31 1 36 1 30 1 34.5 

Ammoniacal Nitrogen mg L
-1
 0.02 n/a <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 

Un-ionised Ammonia g L
-1

 n/a 21 <0.785 <0.809 <0.790 <0.808 <0.789 <0.789 <0.788 <0.772 <0.771 <0.787 <0.770 <0.772 <0.772 

Total Organic Nitrogen mg L
-1
 n/a n/a <0.980 <0.980 <0.980 <0.980 <0.980 <0.980 <0.980 <0.980 <0.980 <0.980 <0.980 <0.980 <0.980 

Inorganic Nitrogen mg L
-1
 n/a n/a <0.120 <0.120 <0.120 <0.120 <0.120 <0.120 <0.120 <0.120 <0.120 <0.120 <0.120 <0.120 <0.120 

Total Oxidised Nitrogen mg L
-1
 0.1 n/a <0.004 <0.004 <<0.004 0.0056 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 

Kjeldahl Nitrogen mg L
-1
 n/a n/a <1.00 <1.00 <1.00 <1.00 <1.00 <1.00 <1.00 <1.00 <1.00 <1.00 <1.00 <1.00 <1.00 

Nitrite mg L
-1
 0.004 n/a <0.100 <0.100 <0.100 <0.100 <0.100 <0.100 <0.100 <0.100 <0.100 <0.100 <0.100 <0.100 <0.100 

Nitrate mg L
-1
 0.1 n/a <0.100 <0.100 <0.100 <0.0944 <0.100 <0.100 <0.100 <0.100 <0.100 <0.100 <0.100 <0.100 <0.100 

Orthophosphate, as P mg L
-1
 0.01 n/a 0.015 0.015 0.015 0.014 0.014 0.014 0.015 0.015 0.014 0.015 0.015 0.014 0.014 

Silicate, as SiO2 mg L
-1
 0.2 n/a <0.200 <0.200 <0.200 <0.200 <0.200 0.2 <0.200 0.2 0.2 <0.200 0.2 0.2 0.2 

Chlorophyll (acetone extracted) g L
-1

 0.01 n/a 0.721 0.590 0.790 0.630 0.650 0.600 0.690 0.750 0.850 0.720 0.760 0.950 0.670 

Table H.4 : Dissolved metals concentrations. 

Compound Units MRV EQS Mean HHD_02 HHD_02 HHD_04 HHD_04 HHD_08 HHD_08 HHD_14 HHD_14 HHD_16 HHD_16 HHD_18 HHD_18 

Sampling Depth m n/a   n/a 1 33.4 1 29.5 1 31 1 36 1 30 1 34.5 

Arsenic, Dissolved g L
-1

 1 25 1.50 1.52 1.40 1.38 1.58 1.35 1.53 1.48 1.48 1.55 1.57 1.50 1.62 

Copper, Dissolved g L
-1

 0.2 3.76 0.55 0.49 0.54 0.51 0.52 0.42 0.46 0.48 0.67 0.61 0.55 0.45 0.89 

Lead, Dissolved g L
-1

 0.04 1.3 0.91 0.29 1.52 0.28 0.70 0.11 0.87 0.15 3.40 0.27 1.42 0.11 1.80 

Nickel, Dissolved g L
-1

 0.3 8.6 <0.3 <0.3 0.31 <0.3 <0.3 <0.3 <0.3 <0.3 0.31 <0.3 0.35 <0.3 0.46 

Zinc, Dissolved g L
-1

 0.4 7.9 4.32 2.93 5.00 3.41 3.48 1.37 2.94 2.00 5.35 3.83 6.05 2.68 12.80 

Boron, Dissolved g L
-1

 700 7000 4483 4310 4390 4550 4360 4510 4450 4510 4730 4380 4390 4300 4920 

Mercury, Total g L
-1

 0.01 0.07 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 

Mercury, Dissolved g L
-1

 0.01 0.07 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 

Chromium, Dissolved g L
-1

 0.5 15 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 
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Compound Units MRV EQS Mean HHD_02 HHD_02 HHD_04 HHD_04 HHD_08 HHD_08 HHD_14 HHD_14 HHD_16 HHD_16 HHD_18 HHD_18 

Sampling Depth m n/a   n/a 1 33.4 1 29.5 1 31 1 36 1 30 1 34.5 

Cadmium, Dissolved g L
-1

 0.04 0.2 <0.03 <0.03 <0.03 <0.03 <0.03 <0.03 <0.03 <0.03 <0.03 <0.03 <0.03 <0.03 <0.03 

Selenium Dissolved g L
-1

 1 n/a <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 

Cobalt, Dissolved g L
-1

 10 3* <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 

Tin, Dissolved g L
-1

 20 10* <20 <20 <20 <20 <20 <20 <20 <20 <20 <20 <20 <20 <20 

Vanadium, Dissolved g L
-1

 20 100 <20 <20 <20 <20 <20 <20 <20 <20 <20 <20 <20 <20 <20 

Manganese, Dissolved g L
-1

 20 n/a <100 <100 <100 <100 <100 <100 <100 <100 <100 <100 <100 <100 <100 

Iron, Dissolved g L
-1

 100 1000 <20 <20 <20 <20 <20 <20 <20 <20 <20 <20 <20 <20 <20 

* These EQSs for List II substances have been initially proposed through research programmes run by Defra and other regulatory bodies (such as the Environment Agency), based on a critical assessment of all the 

available data. While they remain non-statutory, they are used by regulatory bodies. 

Table H.5 : Organic compounds and cyanide concentrations 

Compound Units MRV EQS Mean HHD_02 HHD_02 HHD_04 HHD_04 HHD_08 HHD_08 HHD_14 HHD_14 HHD_16 HHD_16 HHD_18 HHD_18 

Sampling Depth m n/a   n/a 1 33.4 1 29.5 1 31 1 36 1 30 1 34.5 

Hydrocarbons Screen >C5 - C44 mg L
-1
 0.2 n/a <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 

Di-2-ethylhexyl phthalate {DEHP} mg L
-1
 0.2 n/a <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 

Cyanide, Free as CN g L
-1

 0.10 1 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 

Cyanide as CN g L
-1

 0.10 1 <0.500 <0.500 <0.500 <0.500 <0.500 <0.500 <0.500 <0.500 <0.500 <0.500 <0.500 <0.500 <0.500 
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Appendix I. Water Quality – Physico-chemcials Parameters and Laboratory Analysis Results 
Reported at Cemlyn Lagoon 

Table I.1 : Physico-chemical parameters. 

Parameter (in situ) Units 
October 2017 November 2017 December 2017 

ST1 ST2 ST3 ST4 ST1 ST2 ST3 ST4 ST1 ST2 ST3 ST4 

Water Temperature  ºC 11.39 10.45 9.25 11.25 11.70 11.70 11.80 11.80 3.90 1.50 2.00 2.00 

Salinity   Unitless 16.89 25.49 22.16 27.92 9.55 23.33 22.03 23.78 15.32 12.48 18.31 18.09 

Conductivity  mS cm
-1
 20.350 28.929 24.710 32.053 12.132 27.517 26.178 28.061 15.262 11.782 17.058 16.862 

DO concentration mg L
-1
 8.31 7.97 10.07 8.57 10.32 9.68 9.49 9.26 13.32 13.76 12.57 13.08 

DO saturation % 84.6 83.9 101.0 93.3 101.0 103.3 100.6 99.3 112.4 106.9 103.1 107.1 

pH n/a 7.92 7.89 8.16 8.03 8.22 8.28 8.29 8.25 8.17 7.62 8.12 8.22 

Table I.2 : BOD, organic carbon, total suspended solids and chlorophyll concentrations. 

Compound Units MRV 
October 2017 November 2017 

ST1 ST2 ST3 ST4 ST1 ST2 ST3 ST4 

BOD 5 Day ATU mg L
-1
 1 1.12 1.20 1.41 1.58 1.30 <1.00 1.47 <1.00 

Organic Carbon: Dissolved as C {DOC} mg L
-1
 0.2 4.89 3.45 4.91 2.48 5.32 2.53 3.03 2.41 

Organic Carbon: Total as C {TOC} mg L
-1
 0.7 4.60 3.80 4.70 2.50 5.10 2.80 3.70 2.70 

Suspended Solids at 105°C mg L
-1
 3 8.20 6.70 5.70 17.10 18.70 5.40 4.20 3.00 

Chlorophyll µg L
-1
 0.5 6.20 9.30 10.60 6.10 6.40 4.00 5.10 4.10 
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Table I.3 : Anions and cations concentrations. 

Compound Units MRV 
October 2017 November 2017 

ST1 ST2 ST3 ST4 ST1 ST2 ST3 ST4 

Bromate mg L
-1
 0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 

Bromide mg L
-1
 0.25 31.8 48.8 41.4 53.6 18.5 47.2 43.4 46.9 

Calcium, Dissolved mg L
-1
 10 222 312 280 346 14 281 275 273 

Potassium, Dissolved mg L
-1
 1 243 345 273 399 11 327 284 240 

Sodium, Dissolved mg L
-1
 20 5200 7700 6750 8340 305 7150 6880 6790 

Sulphate, Dissolved as SO4 mg L
-1
 5 1350 2030 1760 2300 76 1860 1800 1740 

Table I.4 : Nitrogen and nutrients concentrations. 

Compound Units MRV EQS 
October 2017 November 2017 

ST1 ST2 ST3 ST4 ST1 ST2 ST3 ST4 

Nitrogen, as N mg L
-1
 0.1   1.690 0.689 0.910 0.633 2.510 0.760 0.848 0.703 

Ammoniacal Nitrogen mg L
-1
 0.02   0.045 0.027 0.022 <0.020 0.062 0.031 0.030 0.025 

Un-ionised Ammonia µg L
-1
 n/a 21 0.729 0.408 0.594 <0.403 2.110 1.200 1.200 0.915 

Total Organic Nitrogen mg L
-1
 n/a   <0.955 <0.973 <0.978 <0.980 <0.938 <0.969 <0.970 <0.975 

Inorganic Nitrogen mg L
-1
 n/a   1.250 0.277 0.412 <0.340 2.050 0.421 0.490 0.375 

Total Oxidised Nitrogen mg L
-1
 0.1   1.20 0.25 0.39 0.32 1.99 0.39 0.46 0.35 

Kjeldahl Nitrogen mg L
-1
 n/a   <1.00 <1.00 <1.00 <1.00 <1.00 <1.00 <1.00 <1.00 

Nitrite mg L
-1
 0.004   0.014 0.009 0.011 0.010 0.026 0.010 0.010 0.009 

Nitrate mg L
-1
 n/a   1.190 0.241 0.379 0.310 1.960 0.380 0.450 0.341 

Orthophosphate, as P mg L
-1
 0.01   0.019 <0.0100 <0.010 0.015 0.023 0.010 <0.010 <0.010 

Silicate, as SiO2 mg L
-1
 0.2   4.63 0.65 1.32 1.13 5.74 0.57 1.03 0.50 
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Table I.5 : Dissolved metals concentrations. 

Compound Units MRV EQS 
October November 

ST1 ST2 ST3 ST4 ST1 ST2 ST3 ST4 

Arsenic, Dissolved µg L
-1
 1 25 <1 <1 <1 1.130 <1 <1 <1 <1 

Copper, Dissolved µg L
-1
 0.2 3.76 0.816 0.624 0.668 0.600 1.240 1.040 1.030 0.947 

Lead, Dissolved µg L
-1
 0.04 1.3 <0.04 0.048 <0.04 0.044 0.062 0.058 0.081 0.059 

Nickel, Dissolved µg L
-1
 0.3 8.6 0.904 0.792 0.846 0.607 0.826 0.600 0.538 0.518 

Zinc, Dissolved µg L
-1
 0.4 7.9 3.28 2.37 2.59 1.82 2.06 2.26 3.04 1.86 

Boron, Dissolved µg L
-1
 700 7000 2200 3350 2960 3780 <700 2970 2820 2870 

Mercury, Total µg L
-1
 0.01 0.07 <0.01 <0.01 <0.01 <0.01 <0.01 0.016 <0.01 <0.01 

Mercury, Dissolved µg L
-1
 0.01 0.07 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 

Chromium, Dissolved µg L
-1
 0.5 15 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 

Cadmium, Dissolved µg L
-1
 0.04 0.2 <0.03 <0.03 <0.03 <0.03 <0.03 <0.03 <0.03 <0.03 

Selenium Dissolved µg L
-1
 1   <1 <1 <1 <1 <1 <1 <1 <1 

Cobalt, Dissolved µg L
-1
 10 3* <10 <10 <10 <10 <10 <10 <10 <10 

Tin, Dissolved µg L
-1
 20 10* <20 <20 <20 <20 <20 <20 <20 <20 

Vanadium, Dissolved µg L
-1
 20 100 <20 <20 <20 <20 <20 <20 <20 <20 

Manganese, Dissolved µg L
-1
 20 

 
87.70 35.70 23.00 42.90 26.80 33.20 <20 <20 

Iron, Dissolved µg L
-1
 100 1000 <100 <100 <100 <100 <100 <100 <100 <100 

* These EQSs for List II substances have been initially proposed through research programmes run by Defra and other regulatory bodies (such as the Environment Agency), based on a critical assessment of all the 

available data. While they remain non-statutory, they are used by regulatory bodies. 
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Table I.6 : Organic compounds reported above the laboratory MRV. 

Compound Units MRV EQS 
October November 

ST1 ST2 ST3 ST4 ST1 ST2 ST3 ST4 

Phenol µg L
-1
 0.05 7.7 0.104 0.132 0.307 0.157 0.165 0.096 0.196 0.081 

4-Methylphenol (p-cresol) µg L
-1
 0.02   0.031 <0.02 <0.02 <0.02 0.030 <0.02 <0.02 <0.02 

Di-2-ethylhexyl phthalate (DEHP) µg L
-1
 0.2 1.3 <0.2 <0.2 <0.2 <0.2 <0.2 0.282 <0.2 <0.2 

Table I.7 : List of all other organic compounds analysed but reported as below MRV. 

Organochlorine pesticides 

(OCPs) 

Polychlorinated biphenyls 

(PCBs)  

Polycyclic aromatic 

hydrocarbons (PAHs)  Phenols Volatile organic compounds (VOCs) 

1,2,3-Trichlorobenzene PCB - 008 Acenaphthene 2,3-Dichlorophenol 1,1,1,2-Tetrachloroethane Bromoform {Tribromomethane} 

1,2,4-Trichlorobenzene PCB - 020 Acenaphthylene 2,3-Dimethylphenol 1,1,1-Trichloroethane Carbon Disulphide 

1,3,5-Trichlorobenzene PCB - 028 Anthracene 2,4,5-Trichlorophenol 1,1,2,2-Tetrachloroethane Carbon tetrachloride 

2,3,5,6-Tetrachloroaniline PCB - 031 Benzo(a)anthracene 2,4,6-Trichlorophenol 1,1,2-Trichloroethane Chlorobenzene 

2,3,5,6-Tetrachlorothioanisole PCB - 035 Benzo(a)pyrene 2,4-Dichlorophenol 1,1-Dichloroethane Chlorodibromomethane 

Aldrin PCB - 052 Benzo(b)fluoranthene 2,4-Dimethylphenol 1,1-Dichloroethylene  Chloroform {Trichloromethane} 

Chlorothalonil PCB - 077 Benzo(e)pyrene 2,5-Dichlorophenol 1,1-Dichloropropylene  Chloromethane 

Chlorpropham PCB - 101 Benzo(ghi)perylene 2,5-Dimethylphenol 1,2,3-Trichlorobenzene Dibromomethane 

DDE -op PCB - 105 Benzo(k)fluoranthene 2,6-Dichlorophenol 1,2,3-Trichloropropane Dichloromethan 

DDE -pp PCB - 118 Chrysene 2,6-Dimethylphenol 1,2,3-Trimethylbenzene Dimethylbenzenes (sum) 

DDT -op PCB - 126 Dibenzo(ah)anthracene 2-Chlorophenol 1,2,4-Trichlorobenzene Ethyl tert-butyl ether {ETBE} 

DDT -pp PCB - 128 Fluoranthene 2-Ethylphenol 1,2,4-Trimethylbenzene Ethylbenzene 

Dichlobenil PCB - 138 Fluorene 2-Methylphenol 1,2-Dibromo-3-chloropropane Hexachlorobutadiene 

Dieldrin PCB - 149 Indeno(1,2,3-cd) pyrene 3,4-Dimethylphenol 1,2-Dibromoethane Hexachloroethane 

Endosulfan A PCB - 153 Naphthalene 3,5-Dimethylphenol  1,2-Dichlorobenzene Isopropylbenzene 

Endosulfan B PCB - 156 Perylene 3-Chlorophenol 1,2-Dichloroethane MTBE {Methyl tert-butyl ether} 
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Organochlorine pesticides 

(OCPs) 

Polychlorinated biphenyls 

(PCBs)  

Polycyclic aromatic 

hydrocarbons (PAHs)  Phenols Volatile organic compounds (VOCs) 

Endrin PCB - 169 Phenanthrene 3-Methylphenol 1,2-Dichloropropane Naphthalene 

HCH -alpha PCB - 170 Pyrene 4-Chloro-2-methylphenol  1,2-Dimethylbenzene  Styrene 

HCH -beta PCB - 180   4-Chloro-3,5-dimethylphenol 1,3,5-Trichlorobenzene Tetrachloroethylene 

HCH -delta     4-Chloro-3-methylphenol  1,3,5-Trimethylbenzene Toluene 

HCH -epsilon     4-Chlorophenol 1,3-Dichlorobenzene Trichloroethylene 

HCH -gamma     Pentachlorophenol 1,3-Dichloropropane Trichlorofluoromethane 

Heptachlor       1,4-Dichlorobenzene Vinyl Chloride 

Hexachlorobenzene       2,2-Dichloropropane cis-1,2-Dichloroethylene  

Hexachlorobutadiene       2-Chlorotoluene cis-1,3-Dichloropropylene 

Isodrin       3-Chlorotoluene  n-ButylBenzene 

Methoxychlor       4-Chlorotoluene  n-Propylbenzene 

Pendimethalin       4-Isopropyltoluene  sec-Butylbenzene 

Pentachlorobenzene       Benzene tert-Amyl methyl ether {TAME} 

Propachlor       Bromobenzene tert-Butylbenzene 

TDE - op       Bromochloromethane trans-1,2-Dichloroethylene 

TDE - pp       Bromodichloromethane trans-1,3-Dichloropropylene 

Tecnazene           

Tri-allate           

Trifluralin           

Vinclozolin           

cis-Chlordane           

cis-Heptachlor epoxide           

trans-Chlordane           

trans-Heptachlor epoxide           
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Appendix J. Water Quality – Laboratory Analysis Results Reported in Coastal Areas around Wylfa 
Newydd DCO 

Table J.1 : Mean BOD, organic carbon, total suspended solids and chlorophyll concentrations reported each month in all areas. The A.A. (annual average) represents the mean value reported 

between May and November 2017. 

Compound Units MRV A.A. May Jun Jul Aug Sep Oct Nov 

BOD 5 Day ATU mg L
-1
 1 <1.00 1.32 1.77 <1.00 <1.00 - <1.00 <1.00 

Organic Carbon: Dissolved as C {DOC} mg L
-1
 0.2 1.62 1.23 2.20 1.35 1.78 - 1.65 1.51 

Organic Carbon: Total as C {TOC} mg L
-1
 1 1.69 1.54 2.64 1.83 1.05 - 1.56 1.49 

Suspended Solids at 105 C mg L
-1
 3 11.01 9.44 10.47 6.12 19.50 - 11.20 9.34 

Chlorophyll µg L
-1
 0.5 2.71 2.82 3.73 2.82 2.78  2.03 2.10 

Table J.2 :Mean anions and cations concentrations reported in all areas. The A.A. (annual average) represents the mean value reported between May and November 2017. 

Compound Units MRV Mean May Jun July Aug Sep Oct Nov 

Bromate mg L
-1
 0.1 <0.100 <0.100 <0.100 <0.100 <0.100 - <0.100 <0.100 

Bromide mg L
-1
 0.25 59.00 62.76 55.59 61.53 54.83 - 59.47 59.81 

Calcium, Dissolved mg L
-1
 10 368 375 360 393 369 - 377 331 

Potassium, Dissolved mg L
-1
 1 383 386 350 393 382 - 410 380 

Sodium, Dissolved mg L
-1
 20 9451 9944 9101 10070 9489 - 9649 8455 

Sulphate, Dissolved as SO4 mg L
-1
 5 2484 2610 2376 2670 2519 - 2520 2209 

Table J.3 : Mean nitrogen and nutrients concentrations reported in all areas. The A.A. (annual average) represents the mean value reported between May and November 2017. 

Compound (Dissolved) Units MRV EQS A.A. May Jun July Aug Sep Oct Nov 

Nitrogen, as N mg L
-1
 0.1 

 
0.373 0.249 0.451 0.224 0.299 - 0.424 0.593 

Ammoniacal Nitrogen mg L
-1
 0.02 

 
<0.0200 0.0391 0.0387 <0.0200 <0.0200 - <0.0200 <0.0200 

Un-ionised Ammonia µg L
-1
 n/a 21 0.582 1.105 0.602 <0.474 0.781 - <0.479 0.526 
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Compound (Dissolved) Units MRV EQS A.A. May Jun July Aug Sep Oct Nov 

Total Organic Nitrogen mg L
-1
 n/a  <0.786 <0.786 <0.964 <0.980 <0.980 - <0.955 <0.938 

Inorganic Nitrogen mg L
-1
 n/a  0.166 <0.120 0.228 <0.120 <0.120 - 0.232 0.354 

Total Oxidised Nitrogen mg L
-1
 0.1  0.156 <0.100 0.191 <0.100 <0.100 - 0.233 0.360 

Kjeldahl Nitrogen mg L
-1
 n/a  <1.00 <1.00 <1.00 <1.00 <1.00 - <1.00 <1.00 

Nitrite mg L
-1
 0.004  0.00531 0.00316 0.00733 <0.00400 <0.00400 - 0.00924 0.00811 

Nitrate mg L
-1
 n/a  0.1517 <0.0899 0.1856 <0.100 <0.100 - 0.2266 0.3529 

Orthophosphate, as P mg L
-1
 0.01  0.0123 <0.0100 0.0143 <0.0100 0.0107 - 0.0180 0.0206 

Silicate, as SiO2 mg L
-1
 0.2  0.685 0.306 0.733 0.413 0.487 - 0.929 1.241 

Table J.4 : Mean dissolved metals concentrations reported in all areas. The A.A. (annual average) represents the mean value reported between May and November 2017. 

Compound Units MRV EQS A.A. May Jun July Aug Sep Oct Nov 

Arsenic, Dissolved µg L
-1
 1 25 1.27 1.40 1.26 1.01 1.39 - 1.27 1.31 

Copper, Dissolved µg L
-1
 0.2 3.76 0.76 0.82 1.00 0.64 0.72 - 0.61 0.78 

Lead, Dissolved µg L
-1
 0.04 1.3 <0.04 0.04 0.06 <0.04 0.05 - <0.04 <0.04 

Nickel, Dissolved µg L
-1
 0.3 8.6 0.45 0.49 0.74 <0.3 0.46 - 0.48 0.40 

Zinc, Dissolved µg L
-1
 0.4 7.9 2.23 2.86 2.40 1.64 1.68 - 2.65 2.17 

Boron, Dissolved µg L
-1
 700 7000 3932 3821 3866 4253 3947 - 4086 3619 

Mercury, Total µg L
-1
 0.01 0.07 <0.01 <0.01 <0.01 <0.01 <0.01 - <0.01 <0.01 

Mercury, Dissolved µg L
-1
 0.01 0.07 <0.01 <0.01 <0.01 <0.01 <0.01 - <0.01 <0.01 

Chromium, Dissolved µg L
-1
 0.5 15 <0.5 <0.5 <0.5 <0.5 <0.5 - <0.5 <0.5 

Cadmium, Dissolved µg L
-1
 0.04 0.2 <0.03 <0.03 <0.03 <0.03 <0.03 - <0.03 <0.03 

Selenium Dissolved µg L
-1
 1 n/a <1 <1 <1 <1 <1 - <1 <1 

Cobalt, Dissolved µg L
-1
 10 3* <10 <10 <10 <10 <10 - <10 <10 

Tin, Dissolved µg L
-1
 20 10* <20 <20 <20 <20 <20 - <20 <20 

Vanadium, Dissolved µg L
-1
 20 100 <20 <20 <20 <20 <20 - <20 <20 
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Compound Units MRV EQS A.A. May Jun July Aug Sep Oct Nov 

Manganese, Dissolved µg L
-1
 20 n/a <20 <20 <20 <20 <20 - 22.91 <20 

Iron, Dissolved µg L
-1
 100 1000 <100 <100 <100 <100 <100 - <100 <100 

* These EQSs for List II substances have been initially proposed through research programmes run by Defra and other regulatory bodies (such as the Environment Agency), based on a critical assessment of all the 

available data. While they remain non-statutory, they are used by regulatory bodies. 

Table J.5 : Organic compunds concentrations regularly reported above the MRV. The A.A. (annual average) represents the mean value reported between May and November 2017. 

Phenol concentrations in µg L
-1
 (EQS=7.7 µg L

-1
) A.A. May-17 Jun-17 Jul-17 Aug-17 Sep-17 Oct-17 Nov-17 

Cemlyn Stream (CWQ1) 0.0928 0.0584 0.0794   0.0573   0.104 0.165 

Cemlyn Bay (CWQ2) 0.0598 0.0883 0.0522 <0.05 <0.05   0.0989 0.0696 

Cemlyn Bay (CWQ3) 0.1155 0.0645 0.125 0.159 0.0696   0.144 0.131 

Porth-y-pistyll (CWQ4) 0.1812   0.161 0.217 0.243   0.132 0.153 

Porth-y-pistyll (CWQ5) 0.0911 0.152 <0.05 0.105 <0.05   0.0799 0.16 

Porth Wylfa (CWQ6) 0.0908 0.0749 0.131 0.0521 <0.05   0.152 0.11 

Camaes (CWQ7) 0.0785 0.0976 <0.05 0.11 <0.05   0.135   

Bromoform (Tribromomethane) concentrations in µg L
-1
 A.A. May-17 Jun-17 Jul-17 Aug-17 Sep-17 Oct-17 Nov-17 

Cemlyn Stream (CWQ1) <0.1 <0.1 <0.1   <0.1   <0.1 <0.1 

Cemlyn Bay (CWQ2) <0.1 <0.1 <0.1 0.14 0.11   <0.1 <0.1 

Cemlyn Bay (CWQ3) <0.1 <0.1 0.23 <0.1 <0.1   <0.1 <0.1 

Porth-y-pistyll (CWQ4) 0.18 0.18 <0.1 0.2 0.22   0.37 <0.1 

Porth-y-pistyll (CWQ5) <0.1 0.16 0.75 0.27 0.34   0.3 0.32 

Porth Wylfa (CWQ6) <0.1 0.12 0.25 <0.1 <0.1   <0.1 <0.1 

Camaes (CWQ7) <0.1 <0.1 <0.1 0.22 <0.1   <0.1 <0.1 
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Appendix K. Phytoplankton 

Table K.1 : Systematic taxonomy of phytoplankton species identified at all sites between May 2010 and September 2014. 

Group Taxon Genus Family Order Class Phylum 

Centric diatom Actinocyclus sp. Actinocyclus Hemidiscaceae Coscinodiscales Bacillariophyceae Ochrophyta 

Centric diatom Actinoptychus sp. Actinoptychus Heliopeltaceae Coscinodiscales Bacillariophyceae Ochrophyta 

Naked Dinoflagellate Akashiwo sanguinea Akashiwo Gymnodiniaceae Gymnodiniales Dinophyceae Myzozoa 

Armoured dinoflagellate Alexandrium sp. Alexandrium Gonyaulacaceae Gonyaulacales Dinophyceae Myzozoa 

Naked Dinoflagellate Amphidinium crassum Amphidinium Gymnodiniaceae Gymnodiniales Dinophyceae Myzozoa 

Naked Dinoflagellate Amphidinium spp. Amphidinium Gymnodiniaceae Gymnodiniales Dinophyceae Myzozoa 

Armoured dinoflagellate Armoured dinoflagellate sp.    Dinophyceae Myzozoa 

Pennate diatom Asterionellopsis glacialis Asterionellopsis Fragilariaceae Fragilariales Bacillariophyceae Ochrophyta 

Centric diatom Asteromphalus sp. Asteromphalus Asterolampraceae Asterolamprales Bacillariophyceae Ochrophyta 

Pennate diatom 

Asteroplanus karianus 

(previously Asterionellopsis 

kariana) Asteroplanus Fragilariaceae Fragilariales Bacillariophyceae Ochrophyta 

Pennate diatom Asterionellopsis spp. Asterionellopsis Fragilariaceae Fragilariales Bacillariophyceae Ochrophyta 

Pennate diatom Bacillaria paxillifera Bacillaria Bacillariaceae Bacillariales Bacillariophyceae Ochrophyta 

Centric diatom Centric diatom spp.    Bacillariophyceae Ochrophyta 

Centric diatom Cerataulina pelagica Cerataulina Hemiaulaceae Hemiaulales Bacillariophyceae Ochrophyta 

Centric diatom Cerataulina spp. Cerataulina Hemiaulaceae Hemiaulales Bacillariophyceae Ochrophyta 

Armoured dinoflagellate 

Neoceratium furca 

(previously Ceratium furca) Neoceratium Ceratiaceae Gonyaulacales Dinophyceae Myzozoa 

Armoured dinoflagellate 

Neoceratium fusus 

(previously Ceratium fusus) Neoceratium Ceratiaceae Gonyaulacales Dinophyceae Myzozoa 

Armoured dinoflagellate 

Neoceratium horridum 

(previously Ceratium 

horridum) Neoceratium Ceratiaceae Gonyaulacales Dinophyceae Myzozoa 
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Group Taxon Genus Family Order Class Phylum 

Armoured dinoflagellate 

Neoceratium lineatum 

(previously Ceratium 

lineatum) Neoceratium Ceratiaceae Gonyaulacales Dinophyceae Myzozoa 

Armoured dinoflagellate 

Neoceratium macroceros 

(previously Ceratium 

macroceros) Neoceratium Ceratiaceae Gonyaulacales Dinophyceae Myzozoa 

Armoured dinoflagellate 

Neoceratium minutum 

(previously Ceratium 

minutum) Neoceratium Ceratiaceae Gonyaulacales Dinophyceae Myzozoa 

Armoured dinoflagellate 

Neoceratium tripos 

(previously Ceratium tripos) Neoceratium Ceratiaceae Gonyaulacales Dinophyceae Myzozoa 

Armoured dinoflagellate Ceratium spp. Ceratium Ceratiaceae Gonyaulacales Dinophyceae Myzozoa 

Centric diatom 

Chaetoceros (Hyalochaete) 

spp. Chaetoceros Chaetocerotaceae Chaetocerotanae  Bacillariophyceae Ochrophyta 

Centric diatom 

Chaetoceros (Phaeoceros) 

spp. Chaetoceros Chaetocerotaceae Chaetocerotanae  Bacillariophyceae Ochrophyta 

Centric diatom Chaetoceros danicus Chaetoceros Chaetocerotaceae Chaetocerotanae  Bacillariophyceae Ochrophyta 

Ciliate Cilliate sp.     Ciliophora 

Coccolithophorid Coccolithophorid sp.    Prymnesiophyceae Haptophyta 

Pennate diatom Corethron hystrix Corethron Corethraceae Corethrales Bacillariophyceae Ochrophyta 

Centric diatom Coscinodiscus wailesii Coscinodiscus Coscinodiscaceae Coscinodiscales Bacillariophyceae Ochrophyta 

Centric diatom Coscinodiscus spp. Coscinodiscus Coscinodiscaceae Coscinodiscales Bacillariophyceae Ochrophyta 

Cryptophyta Cryptophytes    Cryptophyceae Cryptophyta 

Cyanobacteria Cyanophytes    Cyanophyceae Cyanobacteria 

Pennate diatom 

Ceratoneis closterium 

(previously Cylindrotheca 

closterium)/Nitzschia 

longissima Ceratoneis Fragilariaceae Fragilariales Bacillariophyceae Ochrophyta 

Centric diatom Dactyliosolen fragilissimus Dactyliosolen Rhizosoleniaceae Rhizosoleniales Bacillariophyceae Ochrophyta 
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Group Taxon Genus Family Order Class Phylum 

Dictyochophyte Dictyocha fibula Dictyocha Dictyochaceae Dictyochales Dictyochophyceae Ochrophyta 

Dictyochophyte Dictyocha speculum Dictyocha Dictyochaceae Dictyochales Dictyochophyceae Ochrophyta 

Chrysophyte Dinobryon spp. Dinobryon Dinobryaceae Chromulinales Chrysophyceae Ochrophyta 

Dinoflagellate cyst smooth Dinoflagellate cysts (smooth)    Dinophyceae Myzozoa 

Dinoflagellate cyst spiny Dinoflagellate cysts (spiny)    Dinophyceae Myzozoa 

Armoured dinoflagellate Dinophysis acuminata Dinophysis Dinophysiaceae Dinophysiales Dinophyceae Myzozoa 

Armoured dinoflagellate Dinophysis sp. Dinophysis Dinophysiaceae Dinophysiales Dinophyceae Myzozoa 

Armoured dinoflagellate Dinophysis acuta Dinophysis Dinophysiaceae Dinophysiales Dinophyceae Myzozoa 

Pennate diatom Diploneis sp. Diploneis Diploneidaceae Naviculales Bacillariophyceae Ochrophyta 

Armoured dinoflagellate Diplopsalis lenticula Diplopsalis Protoperidiniaceae Peridiniales Dinophyceae Myzozoa 

Armoured dinoflagellate Diplopsalis spp. Diplopsalis Protoperidiniaceae Peridiniales Dinophyceae Myzozoa 

Armoured dinoflagellate 

Diplopsalopsis bomba 

(previously Dissodium 

assymetricum) Diplopsalopsis Protoperidiniaceae Peridiniales Dinophyceae Myzozoa 

Parasitic dinoflagellate 

Pyrocystis spp. (previously 

Dissodinium spp.) Pyrocystis Pyrocystaceae Pyrocystales Dinophyceae Myzozoa 

Centric diatom Ditylum brightwellii Ditylum Lithodesmiaceae Lithodesmiales Bacillariophyceae Ochrophyta 

Centric diatom Eucampia spp. Eucampia Hemiaulaceae Hemiaulales Bacillariophyceae Ochrophyta 

Centric diatom Eucampia zodiacus Eucampia Hemiaulaceae Hemiaulales Bacillariophyceae Ochrophyta 

Protist Euglena/Eutreptiella spp. Euglena/ Eutreptiella Euglenaceae Euglenida Euglenoidea Euglenozoa 

Pennate diatom Fragilaria islandica Fragilaria Fragilariaceae Fragilariales Bacillariophyceae Ochrophyta 

Pennate diatom Fragilariopsis spp. Fragilariopsis Bacillariaceae Bacillariales Bacillariophyceae Ochrophyta 

Pennate diatom Fragilaria spp. Fragilaria Fragilariaceae Fragilariales Bacillariophyceae Ochrophyta 

Armoured dinoflagellate 

Kryptoperidinium foliaceum 

(previously Glenodinium 

foliaceum) Kryptoperidinium Peridiniaceae Peridiniales Dinophyceae Myzozoa 

Armoured dinoflagellate Glenodinium spp. Glenodinium Peridiniaceae Peridiniales Dinophyceae Myzozoa 
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Group Taxon Genus Family Order Class Phylum 

Armoured dinoflagellate Gonyaulax spp. Gonyaulax Gonyaulacaceae Gonyaulacales Dinophyceae Myzozoa 

Pennate diatom Grammatophora marina Grammatophora Striatellaceae Striatellales Bacillariophyceae Ochrophyta 

Centric diatom Guinardia delicatula Guinardia Rhizosoleniaceae Rhizosoleniales Bacillariophyceae Ochrophyta 

Centric diatom Guinardia flaccida Guinardia Rhizosoleniaceae Rhizosoleniales Bacillariophyceae Ochrophyta 

Centric diatom Guinardia striata Guinardia Rhizosoleniaceae Rhizosoleniales Bacillariophyceae Ochrophyta 

Naked Dinoflagellate Gymnodinium gracile Gymnodinium Gymnodiniaceae Gymnodiniales Dinophyceae Myzozoa 

Naked Dinoflagellate Gymnodinium simplex Gymnodinium Gymnodiniaceae Gymnodiniales Dinophyceae Myzozoa 

Naked Dinoflagellate Gymnodinium spp. Gymnodinium Gymnodiniaceae Gymnodiniales Dinophyceae Myzozoa 

Naked Dinoflagellate Gyrodinium spirale Gyrodinium Gymnodiniaceae Gymnodiniales Dinophyceae Myzozoa 

Naked Dinoflagellate Gyrodinium spp. Gyrodinium Gymnodiniaceae Gymnodiniales Dinophyceae Myzozoa 

Armoured dinoflagellate Heterocapsa spp. Heterocapsa Peridiniida incertae sedis Peridiniales Dinophyceae Myzozoa 

Armoured dinoflagellate Heterocapsa triquetra Heterocapsa Peridiniida incertae sedis Peridiniales Dinophyceae Myzozoa 

Naked Dinoflagellate Karenia mikimotoi Karenia Kareniaceae Gymnodiniales Dinophyceae Myzozoa 

Naked Dinoflagellate Katodinium spp. Katodinium Gymnodiniaceae Gymnodiniales Dinophyceae Myzozoa 

Centric diatom Lauderia/Detonula sp. Lauderia Lauderiaceae Thalassiosirales Bacillariophyceae Ochrophyta 

Pennate diatom Leptocylindrus danicus Leptocylindrus Leptocylindraceae Leptocylindrales Bacillariophyceae Ochrophyta 

Pennate diatom 

Leptocylindrus 

mediterraneus Leptocylindrus Leptocylindraceae Leptocylindrales Bacillariophyceae Ochrophyta 

Pennate diatom Leptocylindrus minimus Leptocylindrus Leptocylindraceae Leptocylindrales Bacillariophyceae Ochrophyta 

Pennate diatom Licmophora spp. Licmophora Licmophoraceae Licmophorales Bacillariophyceae Ochrophyta 

Centric diatom Melosira moniliformis Melosira Melosiraceae Melosirales Bacillariophyceae Ochrophyta 

Centric diatom Melosira nummuloides Melosira Melosiraceae Melosirales Bacillariophyceae Ochrophyta 

Centric diatom Melosira spp. Melosira Melosiraceae Melosirales Bacillariophyceae Ochrophyta 

Ciliate Mesodinium rubrum Mesodinium Mesodiniidae Cyclotrichiida Litostomatea Ciliophora 

Pennate diatom Meuniera membranacea Meuniera Naviculaceae Naviculales Bacillariophyceae Ochrophyta 

Protist Microflagellate sp.      
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Group Taxon Genus Family Order Class Phylum 

Armoured dinoflagellate Minuscula bipes Minuscula Protoperidiniaceae Peridiniales Dinophyceae Myzozoa 

Chlorophyte Monoraphidium spp. Monoraphidium Selenastraceae Sphaeropleales Chlorophyceae Chlorophyta 

Naked Dinoflagellate Naked Dinoflagellate sp.    Dinophyceae Myzozoa 

Pennate diatom Navicula spp. Navicula Naviculaceae Naviculales Bacillariophyceae Ochrophyta 

Naked Dinoflagellate Nematodinium spp. Nematodinium Warnowiaceae Gymnodiniales Dinophyceae Myzozoa 

Centric diatom Neocalyptrella robusta Neocalyptrella Rhizosoleniaceae Rhizosoleniales Bacillariophyceae Ochrophyta 

Naked Dinoflagellate Noctiluca scintillans Noctiluca Noctilucaceae Noctilucales Dinophyceae Myzozoa 

Centric diatom Odontella mobiliensis Odontella Triceratiaceae Triceratiales Bacillariophyceae Ochrophyta 

Centric diatom Odontella sinensis Odontella Triceratiaceae Triceratiales Bacillariophyceae Ochrophyta 

Centric diatom Odontella spp. Odontella Triceratiaceae Triceratiales Bacillariophyceae Ochrophyta 

Naked Dinoflagellate Oxyrrhis sp. Oxyrrhis Oxyrrhinaceae Oxyrrhinales Dinophyceae Myzozoa 

Armoured dinoflagellate Oxytoxum sp. Oxytoxum Oxytoxaceae Peridiniales Dinophyceae Myzozoa 

Centric diatom Paralia sp. Paralia Paraliaceae Paraliales Bacillariophyceae Ochrophyta 

Centric diatom Paralia sulcata Paralia Paraliaceae Paraliales Bacillariophyceae Ochrophyta 

Pennate diatom Pennate diatom sp.   Bacillariales Bacillariophyceae Ochrophyta 

Armoured dinoflagellate Peridinium spp. Peridinium Peridiniaceae Peridiniales Dinophyceae Myzozoa 

Prymnesiophyte/ 

Haptophyte Phaeocystis globosa  Phaeocystis Phaeocystaceae Phaeocystales Prymnesiophyceae Haptophyta 

Armoured dinoflagellate Phalacroma rotundatum Phalacroma Dinophysiaceae Dinophysiales Dinophyceae Myzozoa 

Pennate diatom Plagiogramma brockmanii Plagiogramma Plagiogrammaceae Triceratiales Bacillariophyceae Ochrophyta 

Pennate diatom Plagiogrammopsis sp. Plagiogrammopsis Cymatosiraceae Cymatosirales Bacillariophyceae Ochrophyta 

Pennate diatom Pleurosigma/Gyrosigma sp. Pleurosigma Pleurosigmataceae Naviculales Bacillariophyceae Ochrophyta 

Armoured dinoflagellate Podolampas palmipes Podolampas Podolampadaceae Peridiniales Dinophyceae Myzozoa 

Naked Dinoflagellate Polykrikos spp. Polykrikos Polykrikaceae Gymnodiniales Dinophyceae Myzozoa 

Naked Dinoflagellate Polykrikos schwarzii Polykrikos Polykrikaceae Gymnodiniales Dinophyceae Myzozoa 
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Group Taxon Genus Family Order Class Phylum 

Prasinophyte Prasinophytes    Prasinophyceae Chlorophyta 

Centric diatom Proboscia alata Proboscia Rhizosoleniaceae Rhizosoleniales Bacillariophyceae Ochrophyta 

Armoured dinoflagellate 

Prorocentrum 

balticum/minimum Prorocentrum Prorocentraceae Prorocentrales Dinophyceae Myzozoa 

Armoured dinoflagellate Prorocentrum gracile Prorocentrum Prorocentraceae Prorocentrales Dinophyceae Myzozoa 

Armoured dinoflagellate Prorocentrum lima Prorocentrum Prorocentraceae Prorocentrales Dinophyceae Myzozoa 

Armoured dinoflagellate Prorocentrum micans Prorocentrum Prorocentraceae Prorocentrales Dinophyceae Myzozoa 

Armoured dinoflagellate Prorocentrum spp. Prorocentrum Prorocentraceae Prorocentrales Dinophyceae Myzozoa 

Armoured dinoflagellate Protoperidinium brevipes Protoperidinium Protoperidiniaceae Peridiniales Dinophyceae Myzozoa 

Armoured dinoflagellate Protoperidinium excentricum Protoperidinium Protoperidiniaceae Peridiniales Dinophyceae Myzozoa 

Armoured dinoflagellate Protoperidinium mite Protoperidinium Protoperidiniaceae Peridiniales Dinophyceae Myzozoa 

Armoured dinoflagellate Protoperidinium pellucidum Protoperidinium Protoperidiniaceae Peridiniales Dinophyceae Myzozoa 

Armoured dinoflagellate Protoperidinium pyriforme Protoperidinium Protoperidiniaceae Peridiniales Dinophyceae Myzozoa 

Armoured dinoflagellate Protoperidinium spp. Protoperidinium Protoperidiniaceae Peridiniales Dinophyceae Myzozoa 

Armoured dinoflagellate Protoperidinium steinii Protoperidinium Protoperidiniaceae Peridiniales Dinophyceae Myzozoa 

Armoured dinoflagellate Protoperidinium crassipes Protoperidinium Protoperidiniaceae Peridiniales Dinophyceae Myzozoa 

Armoured dinoflagellate Protoperidium diabolum Protoperidinium Protoperidiniaceae Peridiniida Dinophyceae Myzozoa  

Armoured dinoflagellate Protoperidium divergens Protoperidinium Protoperidiniaceae Peridiniida Dinophyceae Myzozoa  

Armoured dinoflagellate Protoperidium leonis Protoperidinium Protoperidiniaceae Peridiniida Dinophyceae Myzozoa  

Prymnesiophyte/ 

Haptophyte Prymnesiophytes    Prymnesiophyceae Haptophyta 

Pennate diatom 

Pseudo-nitzschia 

delicatissima complex Pseudo-nitzschia Bacillariaceae Bacillariales Bacillariophyceae Ochrophyta 

Pennate diatom 

Pseudo-nitzschia seriata 

complex Pseudo-nitzschia Bacillariaceae Bacillariales Bacillariophyceae Ochrophyta 

Raphidophytes Rhaphidophytes    Raphidophyceae Ochrophyta 
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Group Taxon Genus Family Order Class Phylum 

Centric diatom Dactyliosolen fragilissimus Dactyliosolen Rhizosoleniaceae Rhizosoleniales Bacillariophyceae Ochrophyta 

Centric diatom Rhizosolenia hebetata Rhizosolenia Rhizosoleniaceae Rhizosoleniales Bacillariophyceae Ochrophyta 

Centric diatom Rhizosolenia imbricata Rhizosolenia Rhizosoleniaceae Rhizosoleniales Bacillariophyceae Ochrophyta 

Centric diatom Rhizosolenia setigera Rhizosolenia Rhizosoleniaceae Rhizosoleniales Bacillariophyceae Ochrophyta 

Centric diatom Rhizosolenia spp. Rhizosolenia Rhizosoleniaceae Rhizosoleniales Bacillariophyceae Ochrophyta 

Centric diatom Rhizosolenia styliformis Rhizosolenia Rhizosoleniaceae Rhizosoleniales Bacillariophyceae Ochrophyta 

Armoured dinoflagellate Scrippsiella spp. Scrippsiella Peridiniaceae Peridiniales Dinophyceae Myzozoa 

Armoured dinoflagellate Scrippsiella trochoidea Scrippsiella Peridiniaceae Peridiniales Dinophyceae Myzozoa 

Centric diatom Skeletonema costatum Skeletonema Skeletonemaceae Thalassiosirales Bacillariophyceae Ochrophyta 

Centric diatom Skeletonema spp. Skeletonema Skeletonemaceae Thalassiosirales Bacillariophyceae Ochrophyta 

Centric diatom Stephanopyxis turris Stephanopyxis Stephanopyxidaceae Melosirales Bacillariophyceae Ochrophyta 

Pennate diatom Striatella spp. Striatella Striatellaceae Striatellales Bacillariophyceae Ochrophyta 

Pennate diatom Striatella unuipunctata Striatella Striatellaceae Striatellales Bacillariophyceae Ochrophyta 

Pennate diatom Thalassionema nitzschioides Thalassionema Thalassionemataceae Thalassionematales Bacillariophyceae Ochrophyta 

Pennate diatom Thalassionema sp. Thalassionema Thalassionemataceae Thalassionematales Bacillariophyceae Ochrophyta 

Centric diatom 

Thalassiosira anguste-

lineata Thalassiosira Thalassiosiraceae Thalassiosirales Bacillariophyceae Ochrophyta 

Centric diatom Thalassiosira rotula /gravida Thalassiosira Thalassiosiraceae Thalassiosirales Bacillariophyceae Ochrophyta 

Centric diatom Thalassiosira spp. Thalassiosira Thalassiosiraceae Thalassiosirales Bacillariophyceae Ochrophyta 

Tintinnid Tintinnids   Tintinnida Spirotrichea Ciliophora 

Naked Dinoflagellate Torodinium robustum Torodinium Gymnodiniaceae Gymnodiniales Dinophyceae Myzozoa 

Chlorophyte Trachelomonas sp. Trachelomonas Euglenaceae Euglenida Euglenoidea Euglenozoa 

Centric diatom Trigonium alternans Trigonium Biddulphiaceae Biddulphiales Bacillariophyceae Ochrophyta 
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Table K.2 : Output of two-way SIMPER analysis displaying contribution of phytoplankton taxa to 50% of the dissimilarity between seasons across all years. 

Groups Spring & Summer  Average dissimilarity = 70.25 

 Group Spring Group Summer      

Species Average Abundance  

(square root) 

Average Abundance  

(square root) 

Average Dissimilarity Dissimilarity/Standard 

Deviation 

Contribution  

(%) 

Cumulative  

(% 

Guinardia delicatula 55.48 24.72 8.14 1.06 11.59 11.59 

Guinardia flaccida 47.75 17.46 4.89 1.15 6.97 18.56 

Leptocylindrus minimus 11.12 23.22 2.75 1.23 3.92 22.47 

Leptocylindrus danicus 10.54 22.63 2.7 1.23 3.84 26.32 

Skeletonema spp. 15.03 18.07 2.29 0.96 3.26 29.58 

Paralia sulcata 4.22 17.41 2.14 1.01 3.05 32.63 

Rhizosolenia spp. 8.15 20.2 2.09 0.63 2.97 35.59 

Chaetocerus (Halochaete) 

spp. 

7.34 15.28 1.99 1.06 2.84 38.43 

Paralia sp. 26.95 12.97 1.66 0.78 2.36 40.79 

Guinardia striata 6.26 10.31 1.55 0.85 2.2 43 

Pseudo-nitzschia seriata 

complex 

9.34 9.89 1.47 1.12 2.09 45.08 

Thalassiosira rotula/gravida 8.47 2.78 1.37 0.71 1.95 47.04 

Thalassionema 

nitzschioides 

5.89 8.69 1.37 0.88 1.95 48.99 

Pennate diatom sp. 12.32 17.75 1.32 1.16 1.89 50.88 

Groups Spring & Autumn Average dissimilarity = 76.77 

 Group Spring Group Autumn     

Species Average Abundance  

(square root) 

Average Abundance  

(square root) 

Average Dissimilarity Dissimilarity/Standard 

Deviation 

Contribution   

(%) 

Cumulative  

(%) 

Guinardia delicatula 55.48 7.71 10 1.03 13.03 13.03 
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Guinardia flaccida 47.75 2.93 5.93 1.1 7.73 20.76 

Paralia sp. 26.95 20.49 3.88 0.87 5.05 25.81 

Paralia sulcata 4.22 22.35 3.46 0.98 4.51 30.32 

Leptocylindrus danicus 10.54 9.89 2.33 1.04 3.03 33.35 

Pennate diatom sp. 12.32 17.09 2.19 1.36 2.85 36.21 

Lauderia/Detonula sp. 24.06 7.26 1.82 0.9 2.38 38.58 

Phaeocystis globosa 5.39 0.09 1.8 0.4 2.34 40.92 

Skeletonema spp. 15.03 4.88 1.79 0.75 2.33 43.26 

Leptocylindrus minimus 11.12 8.01 1.77 1.01 2.3 45.56 

Thalassiosira rotula/gravida 8.47 1.66 1.75 0.7 2.28 47.85 

Pseudo-nitzschia seriata 

complex 9.34 7.29 1.67 1.08 2.18 50.02 

Groups Summer & 

Autumn  

Average dissimilarity = 71.86 

 Group Summer Group Autumn     

Species Average Abundance  

(square root) 

Average Abundance  

(square root) 

Average Dissimilarity Dissimilarity/Standard 

Deviation 

Contribution   

(%) 

Cumulative  

(%) 

Paralia sulcata 17.41 22.35 3.96 1.19 5.52 5.52 

Rhizosolenia spp. 20.2 2.8 3.89 0.63 5.41 10.93 

Paralia sp. 12.97 20.49 3.82 0.82 5.31 16.24 

Skeletonema spp. 18.07 4.88 3.38 0.94 4.7 20.94 

Leptocylindrus danicus 22.63 9.89 3.13 1.21 4.36 25.29 

Leptocylindrus minimus 23.22 8.01 3.05 1.22 4.24 29.54 

Guinardia flaccida 17.46 2.93 3 0.78 4.18 33.71 

Chaetoceros (Hyalochaete) 

spp. 15.28 6.09 2.15 0.96 2.98 36.7 

Guinardia delicatula 24.72 7.71 2.13 0.76 2.97 39.67 
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Pennate diatom sp. 17.75 17.09 1.73 1.19 2.41 42.07 

Pseudo-nitzschia seriata 

complex 9.89 7.29 1.69 1.11 2.36 44.43 

Thalassionema 

nitzschioides 8.69 6.41 1.57 0.96 2.18 46.61 

Thalassionema sp. 7.93 5.96 1.52 0.71 2.12 48.73 

Centric diatom spp. 15.73 16.21 1.52 1.2 2.12 50.84 

Groups Spring & Winter Average dissimilarity = 81.17 

 Group Spring Group Winter     

Species Average Abundance  

(square root) 

Average Abundance  

(square root) 

Average Dissimilarity Dissimilarity/Standard 

Deviation 

Contribution   

(%) 

Cumulative  

(%) 

Guinardia delicatula 55.48 0 12.1 1.15 14.91 14.91 

Guinardia flaccida 47.75 0.96 8.15 1.27 10.05 24.96 

Paralia sulcata 4.22 29.75 4.48 1.31 5.52 30.48 

Lauderia/Detonula sp. 24.06 5.05 3.71 1.02 4.57 35.04 

Paralia sp. 26.95 13.32 3.5 0.95 4.31 39.36 

Bacillaria paxillifera 15.06 12.92 2.44 0.91 3 42.36 

Skeletonema spp. 15.03 3.04 2.31 0.67 2.84 45.2 

Ceratoneis closterium 

/Nitzschia longissima 22.96 10.1 2.1 0.78 2.59 47.8 

Thalassiosira spp. 7.27 5.58 1.88 0.77 2.31 50.11 

Groups Summer & Winter  Average dissimilarity = 77.62 

 Group Summer Group Winter     

Species Average Abundance  

(square root) 

Average Abundance  

(square root) 

Average Dissimilarity Dissimilarity/Standard 

Deviation 

Contribution   

(%) 

Cumulative  

(%) 

Guinardia flaccida 17.46 0.96 4.44 0.83 5.73 5.73 

Leptocylindrus minimus 23.22 3.54 4.28 1.46 5.51 11.24 
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Guinardia delicatula 24.72 0 3.9 1.58 5.02 16.26 

Paralia sulcata 17.41 29.75 3.89 1.23 5.01 21.27 

Leptocylindrus danicus 22.63 1.69 3.51 1.24 4.52 25.79 

Chaetocerus (Halochaete) 

spp. 15.28 2.04 3.2 1.23 4.12 29.91 

Paralia sp. 12.97 13.32 2.86 0.74 3.68 33.59 

Guinardia striata 10.31 0.68 2.66 0.98 3.43 37.02 

Skeletonema spp. 18.07 3.04 2.6 0.99 3.35 40.37 

Rhizosolenia spp. 20.2 1.97 2.58 1.5 3.33 43.7 

Pennate diatom sp. 17.75 8.56 2.01 1.32 2.58 46.28 

Bacillaria paxillifera 2.84 12.92 1.85 0.83 2.38 48.67 

Thalassiosira spp. 4.48 5.58 1.78 0.99 2.29 50.96 

Groups Autumn & Winter   Average dissimilarity = 71.31 

 Group Autumn Group Winter     

Species Average Abundance  

(square root) 

Average Abundance  

(square root) 

Average Dissimilarity Dissimilarity/Standard 

Deviation 

Contribution   

(%) 

Cumulative  

(%) 

Paralia sp. 20.49 13.32 6.95 1.1 9.75 9.75 

Paralia sulcata 22.35 29.75 5.96 1.28 8.36 18.11 

Pennate diatom sp. 17.09 8.56 3.8 1.71 5.33 23.44 

Bacillaria paxillifera 3.45 12.92 2.6 0.94 3.64 27.08 

Thalassionema sp 5.96 3.19 2.52 1.01 3.54 30.62 

Ceratoneis 

closterium/Nitzschia 

longissima 11.55 10.1 2.33 1.33 3.27 33.89 

Guinardia delicatula 7.71 0 2.26 0.73 3.17 37.06 

Skeletonema spp. 4.88 3.04 2.18 0.82 3.05 40.11 

Leptocylindrus minimus 8.01 3.54 2.14 0.87 3 43.11 
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Lauderia/Detonula sp. 7.26 5.05 1.93 1.09 2.7 45.81 

Thalassionema 

nitzschioides 6.41 1.27 1.92 0.77 2.69 48.51 

Centric diatom spp. 16.21 15.28 1.87 1.24 2.62 51.12 

Table K.3 : Output of two-way SIMPER analysis displaying contribution of phytoplankton taxa to 50% of the dissimilarity between years across all seasons. 

Groups 2010 & 2011  Average dissimilarity = 71.44 

 Group 2010 Group 2011     

Species Average Abundance  

(square root) 

Average Abundance  

(square root) 

Average Dissimilarity Dissimilarity/Standard 

Deviation 

Contribution   

(%) 

Cumulative  

(%) 

Guinardia delicatula 2.59 36.46 4.05 0.71 5.68 5.68 

Paralia sulcata 18.33 17.28 3.96 1.02 5.54 11.22 

Paralia sp. 9.12 14.38 3.78 0.71 5.29 16.51 

Leptocylindrus danicus 13.76 11.49 2.93 1.16 4.1 20.62 

Guinardia flaccida 6.98 22.53 2.91 0.75 4.07 24.69 

Rhizosolenia spp. 16.83 7.71 2.8 0.66 3.92 28.61 

Skeletonema spp. 9.63 8.81 2.49 0.88 3.49 32.1 

Leptocylindrus minimus 8.51 13.3 2.28 1.12 3.19 35.29 

Pennate diatom sp. 10.48 12.79 2.03 1.16 2.84 38.13 

Chaetocerus (Halochaete) 

spp. 4.76 8.25 1.97 0.95 2.76 40.89 

Thalassionema 

nitzschioides 3.79 7.33 1.74 0.87 2.44 43.34 

Pseudo-nitzschia seriata 

complex 8.93 6.41 1.73 1.07 2.42 45.75 

Centric diatom spp. 9.29 16.13 1.65 1.29 2.31 48.07 

Ceratoneis closterium/ 

Nitzschia longissima 6.68 8.69 1.51 1.25 2.12 50.18 
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Groups 2010 & 2012 Average dissimilarity = 80.39 

 Group 2010 Group 2012     

Species Average Abundance  

(square root) 

Average Abundance  

(square root) 

Average Dissimilarity Dissimilarity/Standard 

Deviation 

Contribution   

(%) 

Cumulative  

(%) 

Paralia sp. 9.12 28.63 5.32 1.32 6.62 6.62 

Guinardia delicatula 2.59 19.56 4.56 1.56 5.67 12.29 

Guinardia flaccida 6.98 30.96 3.94 0.84 4.91 17.2 

Lauderia/Detonula sp. 5.3 28.71 3.42 0.98 4.25 21.45 

Ceratoneis closterium/ 

Nitzschia longissima 6.68 23.66 2.91 0.96 3.62 25.07 

Rhizosolenia imbricata 9.35 6.61 2.38 1.04 2.96 28.03 

Leptocylindrus minimus 8.51 12.07 2.38 0.72 2.96 30.99 

Leptocylindrus danicus 13.76 6.37 2.22 0.83 2.76 33.74 

Phaeocystis globosa 5.31 0 2.14 0.67 2.66 36.4 

Skeletonema spp. 9.63 14.85 2.07 0.69 2.58 38.98 

Microflagellate sp. 0 41.85 2.06 0.21 2.57 41.55 

Paralia sulcata 18.33 14.84 1.99 0.7 2.48 44.02 

Pennate diatom sp. 10.48 15.55 1.98 1.3 2.46 46.48 

Rhizosolenia spp. 16.83 6.73 1.89 0.72 2.35 48.83 

Bacillaria paxillifera 1.51 19.9 1.83 0.61 2.27 51.1 

Groups 2011 & 2012   Average dissimilarity = 70.24 

 Group 2011 Group 2012     

Species Average Abundance  

(square root) 

Average Abundance  

(square root) 

Average Dissimilarity Dissimilarity/Standard 

Deviation 

Contribution   

(%) 

Cumulative  

(%) 

Guinardia delicatula 36.46 19.56 5.1 0.86 7.26 7.26 

Paralia sp. 14.38 28.63 4.51 0.86 6.42 13.68 
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Groups 2010 & 2011  Average dissimilarity = 71.44 

 Group 2010 Group 2011     

Species Average Abundance  

(square root) 

Average Abundance  

(square root) 

Average Dissimilarity Dissimilarity/Standard 

Deviation 

Contribution   

(%) 

Cumulative  

(%) 

Paralia sulcata 17.28 14.84 4.22 0.81 6.01 19.69 

Guinardia flaccida 22.53 30.96 3.4 0.8 4.84 24.53 

Lauderia/Detonula sp. 5.97 28.71 3.18 1.04 4.53 29.06 

Bacillaria paxillifera 3.92 19.9 3.09 0.93 4.4 33.46 

Ceratoneis closterium/ 

Nitzschia longissima 8.69 23.66 2.68 0.96 3.82 37.28 

Skeletonema spp. 8.81 14.85 2.1 0.74 2.99 40.27 

Microflagellate sp. 0 41.85 1.94 0.21 2.76 43.03 

Leptocylindrus minimus 13.3 12.07 1.94 0.75 2.76 45.79 

Thalassiosira spp. 4.91 9.78 1.72 0.85 2.45 48.24 

Pennate diatom sp. 12.79 15.55 1.69 1.06 2.41 50.65 

Groups 2010 & 2014   Average dissimilarity = 79.01 

 Group 2010 Group 2014     

Species Average Abundance  

(square root) 

Average Abundance  

(square root) 

Average Dissimilarity Dissimilarity/Standard 

Deviation 

Contribution   

(%) 

Cumulative  

(%) 

Guinardia delicatula 2.59 34.84 4.07 1.14 5.15 5.15 

Ceratoneis closterium/ 

Nitzschia longissima 6.68 48.09 4.01 2.41 5.08 10.23 

Centric diatom spp. 9.29 38.58 3.63 2.77 4.59 14.82 

Paralia sp. 9.12 42.68 3.39 0.95 4.29 19.11 

Paralia sulcata 18.33 18.37 2.94 1.06 3.72 22.83 

Pennate diatom sp. 10.48 28.38 2.23 1.53 2.82 25.65 
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Groups 2010 & 2011  Average dissimilarity = 71.44 

 Group 2010 Group 2011     

Species Average Abundance  

(square root) 

Average Abundance  

(square root) 

Average Dissimilarity Dissimilarity/Standard 

Deviation 

Contribution   

(%) 

Cumulative  

(%) 

Leptocylindrus danicus 13.76 23.12 2.21 1.43 2.8 28.45 

Rhizosolenia spp. 16.83 1.55 2.18 0.59 2.76 31.22 

Thalassionema 

nitzschioides 3.79 16.57 2.16 1.15 2.73 33.95 

Chaetocerus (Halochaete) 

spp. 4.76 16.94 2.12 1.41 2.68 36.63 

Leptocylindrus minimus 8.51 18.16 2.11 1.15 2.67 39.31 

Navicula spp. 0.1 13.43 1.89 0.86 2.4 41.71 

Pseudo-nitzschia seriata 

complex 8.93 15.85 1.87 1.33 2.37 44.08 

Bacillaria paxillifera 1.51 20.48 1.8 0.82 2.28 46.36 

Pseudo-nitzschia 

delicatissima complex 1.2 23.12 1.77 0.94 2.24 48.6 

Skeletonema spp. 9.63 17.78 1.69 0.9 2.14 50.75 

Groups 2011 & 2014   Average dissimilarity = 72.54 

 Group 2011 Group 2014     

Species Average Abundance  

(square root) 

Average Abundance  

(square root) 

Average Dissimilarity Dissimilarity/Standard 

Deviation 

Contribution   

(%) 

Cumulative  

(%) 

Guinardia delicatula 36.46 34.84 6.36 1.04 8.77 8.77 

Paralia sp. 14.38 42.68 4.25 1.22 5.86 14.64 

Ceratoneis closterium / 

Nitzschia longissima 8.69 48.09 3.93 2.21 5.41 20.05 

Guinardia flaccida 22.53 12 3.13 0.88 4.31 24.36 
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Groups 2010 & 2011  Average dissimilarity = 71.44 

 Group 2010 Group 2011     

Species Average Abundance  

(square root) 

Average Abundance  

(square root) 

Average Dissimilarity Dissimilarity/Standard 

Deviation 

Contribution   

(%) 

Cumulative  

(%) 

Paralia sulcata 17.28 18.37 2.52 1.01 3.47 27.83 

Centric diatom spp. 16.13 38.58 2.44 1.86 3.36 31.19 

Bacillaria paxillifera 3.92 20.48 2.12 0.92 2.92 34.11 

Pseudo-nitzschia 

delicatissima complex 2.18 23.12 1.94 1.05 2.67 36.78 

Leptocylindrus danicus 11.49 23.12 1.93 1.38 2.66 39.44 

Leptocylindrus minimus 13.3 18.16 1.85 1.17 2.54 41.98 

Thalassionema 

nitzschoides 7.33 16.57 1.84 1.16 2.54 44.52 

Pennate diatom sp. 12.79 28.38 1.81 1.6 2.5 47.02 

Skeletonema spp. 8.81 17.78 1.72 0.98 2.37 49.39 

Plagiogrammopsis sp. 0 20.87 1.63 0.64 2.25 51.65 

Groups 2012 & 2014   Average dissimilarity = 67.04 

 Group 2012 Group 2014     

Species Average Abundance  

(square root) 

Average Abundance  

(square root) 

Average Dissimilarity Dissimilarity/Standard 

Deviation 

Contribution   

(%) 

Cumulative  

(%) 

Guinardia flaccida 30.96 12 4.13 0.97 6.17 6.17 

Lauderia/Detonula sp. 28.71 5.01 3.75 1.38 5.59 11.76 

Paralia sp. 28.63 42.68 3.5 1.45 5.22 16.97 

Microflagellate sp. 41.85 0 2.99 0.27 4.47 21.44 

Ceratoneis 

closterium/Nitzschia 

longissima 23.66 48.09 2.84 1.43 4.24 25.68 
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Groups 2010 & 2011  Average dissimilarity = 71.44 

 Group 2010 Group 2011     

Species Average Abundance  

(square root) 

Average Abundance  

(square root) 

Average Dissimilarity Dissimilarity/Standard 

Deviation 

Contribution   

(%) 

Cumulative  

(%) 

Skeletonema spp. 14.85 17.78 2.34 0.88 3.48 29.17 

Bacillaria paxillifera 19.9 20.48 2.23 1.2 3.32 32.49 

Guinardia delicatula 19.56 34.84 2.14 1.11 3.19 35.68 

Leptocylindrus minimus 12.07 18.16 1.87 0.97 2.79 38.47 

Plagiogrammopsis sp. 1.39 20.87 1.77 0.73 2.63 41.1 

Pseudo-nitzschia 

delicatissima complex 12.54 23.12 1.69 1.49 2.52 43.63 

Thalassiosira rotula/gravida 0 16.05 1.62 1.37 2.41 46.04 

Asterionellopsis glacialis 1.83 14.83 1.59 1.09 2.38 48.41 

Skeletonema costatum 7.2 6.6 1.58 0.71 2.36 50.77 

 



Water Quality and Plankton Survey Report  

 

 

 

 

 

 

 

 

60PO8007/AQE/REP/004  177 

Table K.4 : HPLC results for all sites from May 2010 to October 2012. Fuco = Fucoxanthin, 19’Hex = 19’-hexanoyloxyfucoxanthin, Allo = Alloxanthin, Viola = Violaxanthin, Zea  = Zeaxanthin, 19’But = 

19'-butanoyloxyfucoxanthin. All values are in ng L-1. 

Date Site/Tide Chl c2 Chl c3 Peridinin Fuco 19’Hex Allo Viola Zea Chl b Divinyl Chl Chl a Beta 

carotene 

19’ But 

12/05/2010 S1 EBB       250.6   11.7     8.6 71.0 562.9 14.0   

12/05/2010 S2 FLOOD       311.0           38.3 634.0 14.6   

12/05/2010 S2 EBB       250.5           38.8 565.3 10.3   

12/05/2010 S3 FLOOD       200.1           26.8 400.7 10.1   

12/05/2010 S3 EBB 18.9   48.1 343.5   16.0       75.9 1732.5 15.3   

12/05/2010 S4 FLOOD     66.9 352.2   19.2     9.1 60.4 948.2 19.8   

12/05/2010 S4 EBB     35.5 283.1   12.9       86.8 627.9 16.0   

12/05/2010 S5 FLOOD     44.2 272.0   13.3       62.5 650.1 12.0   

12/05/2010 S5 EBB     59.2 432.0   19.3     14.3 106.2 1178.5 19.6   

16/06/2010 S1 FLOOD       380.2 20.5         26.0 811.4 18.2   

16/06/2010 S1 EBB 16.4     377.0         35.6   1008.1 19.1   

16/06/2010 S2 FLOOD 19.5     241.4             666.6 13.2   

16/06/2010 S2 EBB 16.0     244.9           36.5 580.3 13.8   

16/06/2010 S3 FLOOD 23.7     285.5             634.5 15.3   

16/06/2010 S3 EBB 28.1     273.2   13.3     19.2 53.0 655.2 15.6   

16/06/2010 S4 FLOOD 11.4     300.9 27.7 13.9     19.0 63.0 752.1 16.8   

16/06/2010 S4 EBB 17.3     253.7         18.1 37.4 615.0 13.2   

16/06/2010 S5 FLOOD 20.6   21.1 290.4         18.8 56.9 656.1 14.9   

16/06/2010 S5 EBB       263.9           19.6 577.9 10.1   

04/08/2010 S1 FLOOD       128.9   14.8     62.2 20.1 471.3 12.4   

03/08/2010 S1 EBB       174.0 20.8 30.8     55.2 26.4 661.3 16.1   

04/08/2010 S2 FLOOD 10.0     107.1   14.3 4.9   57.9 22.7 357.9 9.2   
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Date Site/Tide Chl c2 Chl c3 Peridinin Fuco 19’Hex Allo Viola Zea Chl b Divinyl Chl Chl a Beta 

carotene 

19’ But 

03/08/2010 S2 EBB 24.5     108.1   15.0     43.8 99.5 4722.3 10.7   

03/08/2010 S3 FLOOD 6.2     111.0   16.2     62.8 14.1 458.8 11.8   

04/08/2010 S4 FLOOD 24.0     755.2 52.2 66.4 45.7 62.5 469.4 177.7 2811.1 47.8   

03/08/2010 S4 EBB   110.1   219.9   18.9 14.3   227.2 71.3 1338.2 14.1   

03/08/2010 S5 FLOOD       133.6   15.7     56.1 12.8 498.0 14.1   

18/08/2010 S1 FLOOD       211.1   27.0     59.2   561.0 17.2   

18/08/2010 S1 EBB       285.4   30.8     83.0   788.0 25.5   

18/08/2010 S2 FLOOD       218.0   35.5 7.6   69.4   615.4 21.3   

18/08/2010 S2 EBB       334.8   34.2     114.2   782.0 25.2   

18/08/2010 S3 FLOOD       217.6   19.4 5.5   73.6   526.8 14.8   

18/08/2010 S3 EBB       225.4   2.6     56.8   571.6 17.8   

18/08/2010 S4 FLOOD       213.0   21.8     76.4   602.3 18.0   

18/08/2010 S4 EBB       208.6   19.1     33.0   531.6 14.8   

18/08/2010 S5 FLOOD       304.8   28.8 11.9   78.2   798.0 28.0   

18/08/2010 S5 EBB       300.4   23.4     0.0   613.4 17.3   

22/09/2010 S1 FLOOD       183.1   17.0     81.5   421.3 1.6   

22/09/2010 S1 EBB       248.7   23.8     126.8   574.2 23.3   

22/09/2010 S2 FLOOD       133.6   17.3     69.5   697.1 14.4   

22/09/2010 S2 EBB       178.8         85.4   514.3 16.7   

22/09/2010 S3 FLOOD       150.3         46.6   426.8 15.2   

22/09/2010 S3 EBB       172.8   22.9     60.7   487.2 15.8   

22/09/2010 S4 FLOOD       168.2   24.9     95.3   357.0 14.2   

22/09/2010 S4 EBB       145.3   16.6         400.0 14.3   

22/09/2010 S5 FLOOD       141.7   23.7         390.5 12.8   

22/09/2010 S5 EBB       124.8   15.4         253.0 9.8   
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Date Site/Tide Chl c2 Chl c3 Peridinin Fuco 19’Hex Allo Viola Zea Chl b Divinyl Chl Chl a Beta 

carotene 

19’ But 

13/10/2010 S1 FLOOD       401.6         104.2   1014.9 26.8   

13/10/2010 S1 EBB       532.9             1423.5 40.9   

13/10/2010 S2 FLOOD       357.1         148.4   887.3 26.3   

13/10/2010 S2 EBB 10.6     242.4             630.2 20.7   

13/10/2010 S3 FLOOD 37.9     130.9         89.0   357.0 11.7   

13/10/2010 S3 EBB 27.1     162.1         57.7   437.8 26.1   

13/10/2010 S4 FLOOD 74.8     319.1         110.6   847.9 31.3   

13/10/2010 S4 EBB 31.4     307.6 54.4       92.7   832.8 20.4   

13/10/2010 S5 FLOOD 46.0     381.4 71.2       113.0   1019.8 26.4   

13/10/2010 S5 EBB       213.3 36.6       87.6   566.9 14.8   

15/11/2010 S1 FLOOD       126.7 21.5           346.7 14.2   

15/11/2010 S1 EBB       123.5 24.4       66.5   328.0 11.1   

15/11/2010 S2 FLOOD       104.8 12.7       56.7   243.6 6.3   

15/11/2010 S2 EBB       82.1             213.6 5.2   

15/11/2010 S3 FLOOD       87.9             294.5     

15/11/2010 S3 EBB       100.9         55.2   281.1 6.1   

15/11/2010 S4 FLOOD 43.5     118.8 17.3           289.4 7.7   

15/11/2010 S4 EBB       95.6             246.7 4.6   

15/11/2010 S5 FLOOD       100.1         28.2   267.8 6.5   

15/11/2010 S5 EBB       112.0         92.9   242.9 13.1   

15/12/2010 S1 FLOOD 60.0     208.2             427.4 6.9   

15/12/2010 S1 EBB       189.9             413.1 12.6   

15/12/2010 S2 FLOOD       148.0             354.7     

15/12/2010 S2 EBB       176.3             412.6 10.1   

15/12/2010 S3 FLOOD       94.3             216.2 5.7   
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Date Site/Tide Chl c2 Chl c3 Peridinin Fuco 19’Hex Allo Viola Zea Chl b Divinyl Chl Chl a Beta 

carotene 

19’ But 

15/12/2010 S3 EBB       123.5             261.5     

15/12/2010 S4 FLOOD 43.2     220.8         61.7   478.6 12.0   

15/12/2010 S4 EBB       125.5   8.1     19.2 16.6 359.2 7.3   

15/12/2010 S5 FLOOD       151.5   10.0     19.6 10.4 407.2 11.1   

15/12/2010 S5 EBB       195.4   12.8     25.1 14.9 504.2 14.3   

24/01/2011 S1 FLOOD       132.8             466.2 11.0   

24/01/2011 S1 EBB       120.3             333.6 7.7   

24/01/2011 S2 FLOOD       127.7             230.5 7.6   

24/01/2011 S2 EBB       115.2             272.6 6.1   

24/01/2011 S3 FLOOD       131.7             263.8 7.6   

24/01/2011 S3 EBB       120.6             299.2 8.1   

24/01/2011 S4 FLOOD       146.3             420.1 10.5   

24/01/2011 S4 EBB       103.2             261.7 7.6   

24/01/2011 S5 FLOOD       128.4             307.5 6.2   

24/01/2011 S5 EBB       124.3             282.3 6.0   

16/02/2011 

S1 * (tide 

not 

determined)       159.4             710.0 11.9   

16/02/2011 

S1 * (tide 

not 

determined)       176.0             443.3 10.1   

16/02/2011 S2 FLOOD       186.2             277.9 15.6   

16/02/2011 S2 EBB       167.9             562.2 9.0   

16/02/2011 

S3 * (tide 

not 

determined)       143.4             274.0 8.9   
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Date Site/Tide Chl c2 Chl c3 Peridinin Fuco 19’Hex Allo Viola Zea Chl b Divinyl Chl Chl a Beta 

carotene 

19’ But 

16/02/2011 

S3 * (tide 

not 

determined)       200.8             413.7 10.3   

16/02/2011 S4 FLOOD       142.1             484.9 9.2   

16/02/2011 S4 EBB       156.0             329.4 8.1   

16/02/2011 

S5 * (tide 

not 

determined)       162.9             290.3 10.2   

16/02/2011 

S5 * (tide 

not 

determined)       152.5             412.0 10.2   

16/03/2011 S1 FLOOD   107.6   222.8             548.5 20.5   

16/03/2011 S1 EBB 16.4 39.4   281.8   28.8         704.8 17.2   

16/03/2011 S2 FLOOD 19.5     247.6 14.5         40.6 561.4 12.1   

16/03/2011 S2 EBB 15.1     261.7 19.6         55.1 564.8 14.8   

16/03/2011 S3 FLOOD 21.6 47.6   123.0             204.3 4.7   

16/03/2011 S3 EBB 25.3     178.9   15.7       39.4 421.2 8.4   

16/03/2011 S4 FLOOD 37.9     281.9           157.2 779.5 9.9   

16/03/2011 S4 EBB 24.1     197.9   17.0       33.1 470.8 10.6   

16/03/2011 S5 FLOOD       216.5   14.7       39.9 489.3 10.6   

16/03/2011 S5 EBB       251.4   18.3       46.1 659.2 12.9   

14/04/2011 S1 FLOOD       1015.1           81.0 2123.9 45.5   

14/04/2011 S1 EBB     37.8 1540.6           96.6 3346.4 63.9   

14/04/2011 S2 FLOOD       477.0           27.9 1219.9 21.8   

14/04/2011 S2 EBB       725.3           53.7 1545.6 29.3   

14/04/2011 S3 FLOOD       340.1             766.3 14.9   
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Date Site/Tide Chl c2 Chl c3 Peridinin Fuco 19’Hex Allo Viola Zea Chl b Divinyl Chl Chl a Beta 

carotene 

19’ But 

14/04/2011 S3 EBB 25.8     524.1             1278.8     

14/04/2011 S4 FLOOD 55.3     938.9             2007.5 36.8   

14/04/2011 S4 EBB       894.5             2041.6 32.2   

14/04/2011 S5 FLOOD       695.0             1964.2 27.2   

14/04/2011 S5 EBB       928.1             2334.9 32.1   

18/05/2011 S1 FLOOD 13.1     1270.6             1990.5 35.5   

18/05/2011 S1 EBB       1421.3             2209.1 52.3   

18/05/2011 S2 FLOOD       1251.4   39.6         2046.8 46.7   

18/05/2011 S2 EBB 24.0     1677.4   40.9         2755.3 54.5   

18/05/2011 S3 FLOOD       957.2   28.4         1487.5 37.6   

18/05/2011 S3 EBB       1470.3   34.1         2299.9 46.2   

18/05/2011 S4 FLOOD 21.1     1573.1   49.3         2600.0 53.5   

18/05/2011 S4 EBB 8.4     1519.5   42.1         2191.7 48.2   

18/05/2011 S5 FLOOD       1385.2   36.0   22.3     2408.9 51.8   

18/05/2011 S5 EBB 13.7     1757.0   12.8   20.2     3390.0 49.8   

15/06/2011 S1 FLOOD       320.9             704.2 18.5   

15/06/2011 S1 EBB       371.3             776.2 17.2   

15/06/2011 S2 FLOOD       219.8         51.4   488.5 13.1   

15/06/2011 S2 EBB       315.5         41.6 49.3 684.9 12.5   

15/06/2011 S3 FLOOD       192.3         41.2 30.3 461.2 8.5   

15/06/2011 S3 EBB       196.5         33.5 27.0 466.4 11.0   

15/06/2011 S4 FLOOD       368.7         41.6 55.5 729.9 13.8   

15/06/2011 S4 EBB       289.6         27.6 44.5 623.5 10.5   

15/06/2011 S5 FLOOD       182.6         47.9 34.7 406.2 9.2   

15/06/2011 S5 EBB       284.1           54.1 575.6 10.0   
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Date Site/Tide Chl c2 Chl c3 Peridinin Fuco 19’Hex Allo Viola Zea Chl b Divinyl Chl Chl a Beta 

carotene 

19’ But 

13/07/2011 S1 FLOOD       226.4   34.0     89.5   707.6 26.7   

13/07/2011 S1 EBB       288.5   36.7     115.3 73.5 776.0 26.4   

13/07/2011 S2 FLOOD       169.4   21.5   15.5 73.2 29.7 502.7 15.2   

13/07/2011 S2 EBB       185.5   30.3     81.2 37.5 550.5 17.0   

13/07/2011 S3 FLOOD       178.0   14.7   14.3 78.6 31.5 509.7 15.5   

13/07/2011 S3 EBB       186.0   33.7   21.3 89.3 45.8 619.4 20.7   

13/07/2011 S4 FLOOD       224.2   34.8     75.3 57.1 706.4 19.0   

13/07/2011 S4 EBB       197.9   36.5     81.5 60.2 602.3 18.8   

13/07/2011 S5 FLOOD       204.0   21.2   16.3 114.9   661.2 17.8   

13/07/2011 S5 EBB       190.2   23.7   20.1 86.4 53.8 646.3 17.3   

18/08/2011 S1 FLOOD       245.9   45.4   11.1 139.2   913.3 30.5   

18/08/2011 S1 EBB       221.3   42.5     110.5   718.3 21.6   

18/08/2011 S2 FLOOD       213.7   48.7     99.1   698.1 22.2   

18/08/2011 S2 EBB       244.9   48.5     110.4   723.7 22.3   

18/08/2011 S3 FLOOD       202.6   45.1     110.7   718.4 21.4   

18/08/2011 S3 EBB       249.7   42.7     113.9   794.8 26.6   

18/08/2011 S4 FLOOD     53.7 277.3   53.0     146.9   909.8 32.7   

18/08/2011 S4 EBB     40.1 216.2   45.5     99.5   698.8 26.5   

18/08/2011 S5 FLOOD     50.4 293.6   58.7     125.3   1053.3 33.3   

18/08/2011 S5 EBB       250.8   54.2     114.8   705.2 25.9   

18/08/2011 S6 FLOOD       274.6   50.3     145.2   899.5 24.0   

18/08/2011 S6 EBB       206.8   24.1     132.5   665.8 19.5   

22/09/2011 S1 FLOOD       177.0   43.1     99.0   810.7 21.5   

22/09/2011 S1 EBB       142.5   29.5     20.5   428.6 13.5   

22/09/2011 S2 FLOOD       139.5   26.1     49.1   373.2 10.8   
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Date Site/Tide Chl c2 Chl c3 Peridinin Fuco 19’Hex Allo Viola Zea Chl b Divinyl Chl Chl a Beta 

carotene 

19’ But 

22/09/2011 S2 EBB       172.8   32.0     65.2   480.6 17.7   

22/09/2011 S3 FLOOD       158.7   30.4     56.3   381.6 13.3   

22/09/2011 S3 EBB       144.4   26.9     53.6   374.5 13.0   

22/09/2011 S4 FLOOD       188.0   40.0     76.7   757.0 18.7   

22/09/2011 S4 EBB       175.7   35.5     54.7   522.4 15.0   

22/09/2011 S5 FLOOD       182.3   33.1     58.7   527.0 16.3   

22/09/2011 S5 EBB       141.7   29.1     59.5   454.3 16.0   

22/09/2011 S6FLOOD       166.1   29.1     39.2   430.7 12.9   

22/09/2011 S6 EBB       129.3   23.6     41.8   333.5 11.9   

12/10/2011 S1 FLOOD   61.4   127.6   13.9         500.8 9.1   

12/10/2011 S1 EBB       120.8   16.4     17.4   226.5 7.6   

12/10/2011 S2 FLOOD       101.9   14.6     17.5   253.7 7.5   

12/10/2011 S2 EBB   6.0   100.2   9.1     11.7   337.5 7.4   

12/10/2011 S3 FLOOD       108.6   10.7     17.9   341.6 6.8   

12/10/2011 S3 EBB       110.1   11.7     13.2   186.2 6.4   

12/10/2011 S4 FLOOD       103.4   8.9         299.2 5.9   

12/10/2011 S4 EBB       127.2   14.2     30.2   385.0 11.2   

12/10/2011 S5 FLOOD       103.9   9.6         256.4 8.4   

12/10/2011 S5 EBB       127.8   11.3     23.9   329.7 7.7   

12/10/2011 S6FLOOD       112.7   9.1     20.0   246.6 6.8   

12/10/2011 S6 EBB       126.5   9.2     19.5   350.9 8.1   

15/11/2011 S1 EBB       81.5   5.7 6.4 5.9     272.2 10.2 3.6 

15/11/2011 S2 FLOOD       87.9 11.7 6.0 6.3 6.1     290.7 10.5   

15/11/2011 S3 FLOOD   11.4   96.2             269.2 9.5   

15/11/2011 S4 FLOOD       76.7             216.0 7.0   
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Date Site/Tide Chl c2 Chl c3 Peridinin Fuco 19’Hex Allo Viola Zea Chl b Divinyl Chl Chl a Beta 

carotene 

19’ But 

15/11/2011 S5 FLOOD   5.8   90.8         26.7   235.1 11.2   

15/11/2011 S6FLOOD       77.6     5.9   30.3   250.4 7.1   

15/11/2011 S6 EBB       67.7         29.8   221.2 8.6   

11/01/2012 S1 EBB       157.9   6.2       23.4 301.2 7.7   

11/01/2012 S2 EBB       97.9           9.0 175.2 4.3   

11/01/2012 S3 EBB       86.1             167.1 4.0   

11/01/2012 S4 EBB       111.7     3.8     14.4 205.8 5.7   

11/01/2012 S5 FLOOD       91.0           18.8 185.7 4.8   

11/01/2012 S6 EBB       89.6             200.3     

11/01/2012 S6FLOOD       82.5             148.5 4.3   

26/02/2012 S1 FLOOD       146.9   7.6 9.4       361.5 5.1   

26/02/2012 S1 EBB     10.6 163.2     9.9       382.4 12.7   

26/02/2012 S2 FLOOD       134.3     9.5       357.7 6.4   

26/02/2012 S2 EBB   33.1   157.4     10.3       359.2 9.3   

26/02/2012 S3 FLOOD       148.8   4.8 8.8       363.3 8.6   

26/02/2012 S3 EBB       142.4     8.5       362.1 9.0   

26/02/2012 S4 FLOOD       206.2   8.2 12.9       414.3 10.3   

26/02/2012 S4 EBB       139.8   5.0 8.5       366.6 9.1   

26/02/2012 S5 FLOOD       145.4     8.9       349.3 8.4   

26/02/2012 S5 EBB       149.4     9.2       315.6 12.4   

26/02/2012 S6FLOOD   28.9   163.6     8.7       311.6 6.0   

26/02/2012 S6 EBB       120.8             269.0 7.3   

21/03/2012 S1 EBB       373.1   12.0 3.8       754.2 25.2   

21/03/2012 S1 FLOOD 20.1     434.1   9.5       72.6 977.3 27.0   

21/03/2012 S2 EBB       273.9   8.5       38.0 597.4 17.6   
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Date Site/Tide Chl c2 Chl c3 Peridinin Fuco 19’Hex Allo Viola Zea Chl b Divinyl Chl Chl a Beta 

carotene 

19’ But 

21/03/2012 S2 FLOOD       225.4           36.0 560.5 10.7   

21/03/2012 S3 EBB       383.9   16.8       52.5 896.8 26.6   

21/03/2012 S3 FLOOD       238.0   7.6       59.3 650.1 13.2   

21/03/2012 S4 EBB 19.3     318.4   11.0     31.8 58.8 790.8 17.0   

21/03/2012 S4 FLOOD       347.8   11.3     20.7 51.5 820.7 24.8   

21/03/2012 S5 EBB       282.9   10.6     31.9 38.2 639.0     

21/03/2012 S5 FLOOD       219.6   9.2       30.2 514.7 14.8   

21/03/2012 S6 EBB       260.3   8.7     26.6 37.4 576.5 16.1   

21/03/2012 S6FLOOD       254.5   7.6     25.7 34.9 650.7 14.3   

02/05/2012 S1 EBB   49.9   1183.0   27.2 27.5     52.5 2566.1   9.2 

02/05/2012 S1 FLOOD   186.4   1221.6   9.2       156.7 2626.2   17.2 

02/05/2012 S2 EBB   329.6   1507.4           173.7 3258.3   20.1 

02/05/2012 S2 FLOOD   70.8   1632.5           105.5 3258.6     

02/05/2012 S3 EBB   34.5   1241.7           82.3 2366.5   11.5 

02/05/2012 S3 FLOOD   41.5   858.5           42.3 1681.0     

02/05/2012 S4 EBB   609.0   1522.0 36.6 23.9 10.8 23.7   398.9 3862.8   151.7 

02/05/2012 S4 FLOOD   41.5   1302.0           102.2 2632.8   21.9 

02/05/2012 S5 EBB 24.2 189.7   1477.5   28.7   14.5   133.0 2987.5   34.7 

02/05/2012 S5 FLOOD   130.7   1156.3           80.6 2170.5   30.9 

02/05/2012 S6 EBB   243.2   1084.1   19.2 6.6 15.8   108.2 2284.3   9.5 

02/05/2012 S6FLOOD   37.8   904.7     1.6     55.2 1783.6   9.4 

16/05/2012 S6 EBB 18.6   9.1 1862.5   53.4 147.5 11.1   53.4 3197.1 89.9   

16/05/2012 S6FLOOD     48.2 1467.4   30.0 125.3 18.4 38.6 74.2 2608.3 70.2   

12/06/2012 S6 EBB     42.0 174.4   27.9 26.2 26.0     473.1 16.8   

12/06/2012 S6FLOOD     36.9 204.7   42.1 28.8 24.7     398.4 13.2   
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Date Site/Tide Chl c2 Chl c3 Peridinin Fuco 19’Hex Allo Viola Zea Chl b Divinyl Chl Chl a Beta 

carotene 

19’ But 

17/07/2012 S6 EBB     20.3 244.3 15.7   21.2 10.6 30.7   782.9     

17/07/2012 S6FLOOD 32.3   40.5 290.8   17.1 24.1 27.6   23.5 961.5 30.1   

22/08/2012 S6 EBB     20.7 232.6   24.7 18.0   33.5 17.2 703.0 19.5 3.5 

22/08/2012 S6FLOOD 11.8 18.6 21.4 424.5 27.3 51.8 31.0   45.9 10.3 1057.5 23.3   

19/09/2012 S6 EBB     25.5 244.2 27.5 36.4 21.1   56.5   759.8 30.0 7.9 

19/09/2012 S6FLOOD     16.4 245.2   18.0 17.8   45.2   685.8 25.7   

09/10/2012 S6 EBB       136.8 22.5 16.9 12.1   42.4   457.8 16.7   

09/10/2012 S6FLOOD 12.6     132.5 24.0 24.0 15.1   64.1   465.0 23.4 5.9 
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Table K.5 : Chlorophyll-a results for all sites from February 2014 to September 2014. All values are in µg L-1. 

Date Site Chl a 

19/02/2014 S2 <0.500 

19/02/2014 S4 0.74 

19/02/2014 S6 0.53 

19/02/2014 S7 <0.500 

26/03/2014 S2 1.3 

26/03/2014 S4 1.3 

26/03/2014 S6 1.1 

26/03/2014 S7 1.1 

16/04/2014 S2 1.9 

16/04/2014 S4 2 

16/04/2014 S6 2 

16/04/2014 S7 1.9 

20/05/2014 S2 8.2 

20/05/2014 S4 6.3 

20/05/2014 S6 5.9 

20/05/2014 S7 5.2 

10/06/2014 S2 4.6 

10/06/2014 S4 4 

10/06/2014 S6 3.7 

10/06/2014 S7 3.9 

15/07/2014 S2 2.6 

15/07/2014 S4 3 

15/07/2014 S6 2.3 

15/07/2014 S7 2.1 

05/08/2014 S2 1.3 

05/08/2014 S4 2 

05/08/2014 S6 1.4 

05/08/2014 S7 1.5 

02/09/2014 S2 1.6 

02/09/2014 S4 1.6 

02/09/2014 S6 1.6 

02/09/2014 S7 1.4 

Table K.6 : Principal Component Analysis (PCA) output of phytoplankton pigments detected by HPLC between May 2010 and 

October 2012. 

Eigenvalues Eigenvalues (information 

explained) 

% Variation Cumulative % Variation  

PC 

1 5.29 28.3 28.3 

2 4.17 22.3 50.7 
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Eigenvalues Eigenvalues (information 

explained) 

% Variation Cumulative % Variation  

PC 

3 2.02 10.8 61.5 

4 1.79 9.6 71 

5 1.47 7.9 78.9 

 

Eigenvectors 

(component 

loadings) 

PC1 PC2 PC3 PC4 PC5 

Variable 

Chlorophyll c2 0.058 0.073 -0.058 -0.564 -0.661 

Chlorophyll c3 0.22 0.257 0.062 0.581 -0.406 

Peridinin -0.042 0.145 0.284 -0.197 0.039 

Fucoxanthin 0.092 0.187 0.134 -0.074 -0.143 

19'Hex -0.023 0.031 -0.05 -0.048 -0.343 

Alloxanthin -0.42 0.346 0.597 0.041 0.166 

Violaxanthin 0.001 0.087 0.367 0.069 -0.176 

Zeaxanthin -0.005 0.12 0.22 0.008 -0.067 

Chlorophyll b -0.806 0.198 -0.435 0.155 -0.195 

Divinyl Chlorophyll 0.261 0.79 -0.355 -0.192 0.315 

Chlorophyll a 0.042 0.204 0.113 -0.069 -0.152 

Beta carotene -0.183 -0.03 0.148 -0.408 0.068 

19'-But 0.093 0.153 0.045 0.244 -0.175 
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Appendix L. Zooplankton 

Table L.1 : Taxonomic list for all zooplankton found off north Anglesey between May 2010 and June 2014. 

Phylum Class Order Family Taxon 

Annelida Polychaeta 

Phyllodocida 

Pholoidae 
Pholoe baltica 

Pholoe inornata 

Phyllodocidae Phyllodocidae indet. 

Polynoidae 
Nectochaeta larvae 

Polynoidae 

Sphaerodoridae Sphaerodoridae 

Syllidae 

Autolytinae indet. 

Autolytus sp. 

Eusyllis blomstrandi 

Syllidae indet. 

Syllis sp. 

Tomopteridae Tomopteris helgolandica 

  Aphroditoidea indet. 

Sabellida Sabellariidae Sabellaria sp. 

Spionida 

Magelonidae Magelonidae 

Poecilochaetidae 
Poecilochaetidae 

Poecilochaetus sp. 

Spionidae 

Malacoceros sp. 

Polydora sp. 

Pygospio elegans 

Spio sp. 

Spionidae indet. 

Terebellida 

Pectinariidae 
Lagis sp. 

Pectinariidae 

Terebellidae 
Lanice sp. 

Terebellidae 

    Aciculata trocophore 

    Metatrocophore larvae 

    Polychaete indet. 

Arthropoda 

Arachnida 

Trombidiformes 

 
Halacaridae Halacaridae indet. 

  Arachnid indet. 

Branchiopoda Diplostraca 

Bosminidae Bosmina sp. 

Podonidae 

Evadne nordmanni 

Evadne sp. 

Evadne spinifera 

Podon intermedius 
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Phylum Class Order Family Taxon 

Podon leukart 

Podon spp. 

Malacostraca 

Amphipoda 

Amphilochidae Amphilochidae 

Aoridae Aoridae 

Calliopiidae Calliophidae 

Caprellidae 

Caprella sp. 

Caprellidae indet. 

Phtisica marina 

Isaeidae Isaeidae 

Ischyroceridae Ischyroceridae 

 Amphipoda indet. 

 Gammaridea indet. 

Cumacea  Cumacea indet 

Decapoda 

Acanthephyridae Acanthephyra sp. 

Alpheidae Athanas nitiscens 

Atelecyclidae Atelecyclus sp. 

Cancridae Cancer sp. 

Corystidae Corystes cassivelaunus 

Crangonidae 
Crangon allmanni 

Crangon crangon 

Galatheidae Galathea sp. 

Geryonidae Geryonidae indet. 

Hippolytidae 

Eualus sp 

Hippolyte sp. 

Thoralus sp. 

Inachidae Macropodia sp. 

Leucosiidae Ebalia sp. 

Majidae Eurynome sp. 

Munididae Munida sp. 

Nephropidae Homarus gammarus 

Ocypodidae Uca tangeri 

Oregoniidae Hyas sp. 

Palaemonidae Palaemon sp. 

Pandalidae 
Pandalina sp. 

Pandalina brevirostris 

Parthenopidae Parthenope indet. 

Pasiphaeidae Pasiphaea sp. 

Pilumnidae Pilumnus sp. 

Pinnotheridae 
Nepinnotheres 

pinnotheres 
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Phylum Class Order Family Taxon 

Pinnotheres pisum 

Pirimelidae Pirimela denticulata 

Porcellanidae 

Pisidia longicornis 

Porcellana platycheles 

Porcellanidae indet. 

Portunidae 

Carcinus sp. 

Portumnus latipes 

Portumnus sp. 

Rhynchocinetidae Cinetorhynchus sp. 

Thalassinidae Thalassinidae indet. 

Thiidae Thia scutellata 

Varunidae Brachynotus sexdentatus 

Xanthidae 

Monodaeus couchii 

Nanocassiope 

melanodactyla 

Xantho sp. 

 Anomura indet. 

 Brachyura indet. 

 Caridean indet. 

 Decapoda indet. 

Euphausiacea Euphausiidae Euphausiidae 

Isopoda 

Gnathiidae Gnathiidae 

Idoteidae Idotea 

Munnidae Munnidae 

 Epicarid isopod 

 Isopoda indet. 

Mysida Mysidae 
Gastrosaccus sp. 

Mysidae indet. 

Tanaidacea 

 

Apseudidae Apseudidae indet. 

 Crustacean egg 

Maxillopoda 
Calanoida 

 

Acartiidae Acartia clausi 

Acartiidae Acartia discaudata 

Acartiidae Acartia spp. 

Calanidae Calanus finmarchicus 

Calanidae Calanus helgolandicus 

Calanidae Calanus spp. 

Centropagidae Centropages hamatus 

Centropagidae Centropages sp. 

Centropagidae Isias clavipes 

Clausocalanidae Microcalanus sp. 
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Phylum Class Order Family Taxon 

Clausocalanidae Pseudocalanus elongatus 

Diaixidae Diaixis hibernica 

Metridinidae Metridia lucens 

Paracalanidae Paracalanus parvus 

Parapontellidae Parapontella brevicornis 

Pontellidae Anomalocera patersoni 

Temoridae Eurytemora affinis 

Temoridae Temora longicornis 

 Calanoida indet 

 
Pseudo/Paracalanus 

#juv. 

  Copepod eggs 

Cyclopoida 
Oithonidae 

 

Oithona nana 

Oithona plumifera 

Oithona similis 

Oithona sp. 

Benthic cyclopoida 

Harpacticoida 

Darcythompsoniidae Leptocaris sp. 

Ectinosomatidae Microsetella rosea 

Euterpinidae Euterpina acutifrons 

Harpacticidae 

Harpacticidae indet. 

Harpacticus sp. 

Zaus sp. 

Zausopsis sp. 

Longipediidae 

Longipedia minor 

Longipedia scotti 

Longipedia sp. 

Peltidiidae 

Alteutha depressa 

Alteutha interrupta 

Alteutha sp. 

Alteuthella sp. 

Clytemnestra scutellata 

Peltidiidae indet. 

Tisbidae 

 

 

 

 

 

Sacodiscus sp. 

Benthic harpacticoid 

Harpacticoida indet. 

Harpacticoida indet. (a) 

Harpacticoida indet. (b) 

Harpacticoida indet. (c) 

Harpacticoida indet. (d) 
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Phylum Class Order Family Taxon 

Monstrilloida Monstrillidae 

Cymbasoma sp. 

Monstrilla grandis 

Monstrilla longicornis 

Monstrilla sp. 

Poecilostomatoida 
Corycaeidae 

Corycaeus anglicus 

Corycaeus sp. 

Oncaeidae Oncaea spp. 

Sessilia 
 Cyprid larvae indet. 

 Thoracica nauplius 

Ostracoda 
Podocopida  Podocopida 

  Ostracod 

Brachiopoda 
Brachiopoda     Brachiopoda 

     Lingulacea larvae 

Bryozoa      Bryozoa indet. larvae 

Chaetognatha 
Sagittoidea 

Aphragmophora Sagittidae 

Parasagitta elegans 

Parasagitta setosa 

Parasagitta sp. 

Phragmophora Spadellidae  Spadella cephaloptera 

    Chaetognatha indet. 

Chordata 

Actinopterygii 

Clupeiformes Clupeidae Clupea harengus 

Gadiformes Gadidae Merlangius merlangus 

Perciformes 

Ammodytidae 

Ammodytes lancea 

Ammodytes marinus 

Ammodytidae 

Gobiidae 
Gobiidae 

Pomatoschistus minutus 

Labridae Symphodus melops 

Stichaeidae Chirolophis ascanii 

Pleuronectiformes 

Bothidae Arnoglossus laterna 

Pleuronectidae 
Limanda limanda 

Platichthys flesus 

Soleidae  
Solea solea 

Soleidae 

   Fish indet. 

   Fish egg indet. 

Appendicularia 
Copelata Oikopleuridae  Oikopleura larvae 

   Appendicularia 

Ascidiacea    Ascidian tadpole 

Cnidaria 
Anthozoa    Anthozoa indet. 

Hydrozoa Anthoathecata Corymorphidae Euphysa sp. 
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Phylum Class Order Family Taxon 

Corynidae 

Coryne prolifera 

Coryne sp. 

Corynidae 

Sarsia spp. 

Sarsia tubulosa 

Stauridiosarsia 

ophiogaster 

Hydractiniidae Hydractinia sp. 

Oceaniidae Turritopsis nutricula 

Pandeidae Amphinema sp. 

Rathkeidae Lizzia blondina 

Tubulariidae Hybocodon prolifer 

Zancleidae Zanclea sp. 

  Anthoathecata 

Leptothecata 

Campanulariidae 
Clytia hemisphaerica 

Obelia sp. 

Lovenellidae Lovenella sp. 

Mitrocomidae 
Cosmetira pilosella 

Mitrocomella brownei 

Phialellidae 
Phialella quadrata 

Phialella sp. 

Tiarannidae Modeeria rotunda 

  Leptothecata 

Limnomedusae Olindiidae Gossea corynetes 

Siphonophorae Diphyidae Diphyinae 

Trachymedusae Geryoniidae Liriope tetraphylla 

    Actinula larvae 

    Hydrozoa indet. 

Scyphozoa 
Semaeostomeae 

Ulmaridae Aurelia aurita 

  Semaeostomeae indet. 

    Scyphozoa indet. 

     Cnidaria indet. 

Ctenophora 

Nuda Beroida Beroidae 
Beroe gracilis 

Beroe sp. 

Tentaculata 
Cydippida Pleurobrachiidae Pleurobrachia pileus 

Lobata Bolinopsidae Bolinopsis infundibulum 

     Ctenophore indet. 

Echonodermata 

Asteroidae 
    Asteroidae indet. 

    Bipinnaria larvae 

Holothuroidea Apodida Synaptidae 
Protankyra sp. 

(pentactula stage) 
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Phylum Class Order Family Taxon 

Ophiuroidea 

Ophiurida 

Ophiotrichidae Ophiothrix fragilis 

Ophiuridae 
Ophiura ophiura 

Ophiuroidea indet 

    Echinopluteus 

    Ophiopluteus larvae 

      Echinodermata indet. 

Foraminifera      Foraminifera 

Hemichordata Enteropneusta     Enteropneusta 

Mollusca 

Bivalvia 
Mytiloida Mytilidae Mytilus sp. 

    Bivalve veliger 

Gastropoda 

Heterobranchia   Opisthobranch 

Littorinimorpha 

  

Littorinidae Littorina littorea 

Velutinidae 
Lamellaria sp. 

Lamellaria perspicua 

  Gastropod veliger 

    Prosobranch veliger 

Myzozoa Dinophyceae Noctilucales Noctilucaceae Noctiluca sp. 

Nemertea       Nemertea pilidium 

Phoronida       Actinotroch larvae 

Rotifera       Rotifera 

Tardigrada       Tardigrada indet. 

      Other zooplankton egg 

      
Other zooplankton 

unknown 

Table L.2 : In order of Phyla, the total average abundance m-3 of all zooplankton (species, genera, family or class) for 

monitoring years (2010 to 2014) inclusive. 

Phylum Zooplankton 2010 2011 2012 2014 

Annelida 

Aciculata trocophore   1.46     

Aphroditoidea indet.   0.59 2.84 0.38 

Autolytinae indet. 0.03   0.06   

Autolytus sp. 0.14       

Eusyllis blomstrandi 0.02       

Lagis sp. 0.80 0.08 6.73 0.19 

Lanice sp. 7.06 0.55 41.68 0.48 

Magelonidae 0.26 0.07 55.66   

Malacoceros sp.       0.10 

Metatrocophore 

larvae 0.28 0.13 4.70 0.57 

Nectochaeta larvae 0.21   13.65   

Pectinariidae 0.02 0.05     
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Phylum Zooplankton 2010 2011 2012 2014 

Pholoe baltica 0.02       

Pholoe inaurata 0.05       

Phyllodocidae indet. 0.03       

Poecilochaetidae   0.03     

Poecilochaetus sp.   0.01   0.10 

Polychaete indet. 3.55 0.15 1.98 1.52 

Polydora sp. 0.38     0.19 

Polynoidae     0.06   

Pygospio elegans       0.57 

Sabellaria sp. 0.08 0.01     

Sphaerodoridae   0.01     

Spio sp. 0.31       

Spionidae indet. 1.76 2.74 13.77 1.44 

Syllidae indet. 0.12 0.11 0.18   

Syllis sp. 0.02       

Terebellidae   0.01     

Tomopteris 

helgolandica   0.01     

 Total Annelida 15.17 6.02 141.30 5.53 

Arthropoda 

Copepod eggs 0.41 0.17     

Acartia clausi   3.84 5.21 24.46 

Acartia discaudata     0.03   

Acartia spp. 61.25 12.42 0.93   

Anomalocera 

patersoni     0.03 0.10 

Calanoida indet 4.64 0.58 1.65 1.14 

Calanus 

finmarchicus 0.07 0.11   0.19 

Calanus 

helgolandicus 0.20 0.15 0.06 0.57 

Calanus spp. 0.47 0.05     

Centropages 

hamatus 50.65 34.95 186.34 39.79 

Centropages sp. 0.38 0.01     

Diaixis hibernica   0.01     

Eurytemora affinis   0.03     

Isias clavipes 0.10 0.17 1.86 0.29 

Metridia lucens   0.01     

Microcalanus sp.     0.03   

Paracalanus parvus 47.15 39.21 9.01 5.05 

Parapontella 

brevicornis 0.02 0.08 0.12   
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Phylum Zooplankton 2010 2011 2012 2014 

Pseudo/Paracalanus 

#juv. 13.23 3.22 0.06   

Pseudocalanus 

elongatus 8.40 29.14 34.53 52.89 

Temora longicornis 95.18 60.60 631.02 85.47 

Total Calanoida 281.73 184.59 870.87 209.94 

Corycaeus anglicus 0.92 2.62 0.09   

Corycaeus sp.   0.05 0.03   

Oncaea spp. 0.20     0.10 

Total 

Poecilostomatoida 
1.12 2.68 0.12 0.10 

Benthic cyclopoida 0.69 0.41 1.77 0.19 

Oithona nana 0.02 0.11 0.09   

Oithona plumifera 0.17       

Oithona similis 0.39 1.23 0.60   

Oithona sp. 0.03       

Total Cyclopoida 1.31 1.75 2.45 0.19 

Alteutha depressa   0.05 0.12   

Alteutha interrupta   0.03 0.03 0.10 

Alteutha sp. 0.12 0.44 0.78 0.67 

Alteuthella sp.   0.01     

Benthic harpacticoid 0.58 0.09 0.69   

Clytemnestra 

scutellata 0.05 0.03     

Euterpina acutifrons 1.46 0.84 1.20 0.48 

Harpacticidae indet. 2.36 0.03 0.06 0.29 

Harpacticoida indet. 0.54 0.15 9.76 0.10 

Harpacticoida indet. 

(a)     0.12   

Harpacticoida indet. 

(c)     0.09   

Harpacticoida indet. 

(d)     3.02   

Harpacticus sp. 0.24 0.03 0.48   

Leptocaris sp.   0.03     

Longipedia minor 0.05 0.05   0.57 

Longipedia scotti       0.19 

Longipedia sp. 0.02 0.99 4.58 0.57 

Microsetella rosea 0.02       

Peltidiidae indet. 0.52 0.05 0.03   

Sacodiscus sp.   0.01     

Zaus sp.     0.03   
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Phylum Zooplankton 2010 2011 2012 2014 

Zausopsis sp.     0.03   

Total Harpacticoida 5.95 2.84 21.01 2.95 

Cymbasoma sp.   0.01     

Monstrilla grandis   0.03 0.03   

Monstrilla longicornis 0.03 0.07 0.06   

Monstrilla sp.   0.03     

Total Monstrilloida 0.03 0.13 0.09   

Total Copepoda 290.14 191.99 894.54 213.19 

Acanthephyra sp.   0.01     

Amphilochidae 0.02 0.04 0.06   

Amphipoda indet.     0.03 0.19 

Anomura indet. 0.07 0.08 0.24   

Aoridae   0.01     

Apseudidae indet.   0.01     

Arachnid indet. 0.08 0.01 0.06   

Atelecyclus sp.   0.01 0.06   

Athanas nitiscens   0.01     

Bosmina sp.   0.01     

Brachynotus 

sexdentatus   0.03     

Brachyura indet. 1.82 1.19 0.90 2.29 

Calliophidae       0.10 

Cancer sp. 0.15 0.20 0.15   

Caprella sp. 0.02       

Caprellidae indet. 0.05 0.04 0.24   

Carcinus sp.   0.04 1.05 0.58 

Caridean indet. 0.36 0.87 0.24 1.14 

Cinetorhynchus sp.   0.04 0.03   

Corystes 

cassivelaunus     0.03   

Crangon allmanni 0.03   0.03 0.10 

Crangon crangon 0.03       

Crustacean egg 0.09       

Cumacea indet 0.14 0.15 0.42 0.38 

Cyprid larvae indet. 10.33 1.87 19.21 4.76 

Decapoda indet. 0.14 0.12     

Ebalia sp.   0.01 0.03 0.29 

Epicarid isopod   0.01     

Eualus sp.   0.01     

Euphausiidae   0.01 0.03 0.19 

Eurynome sp.     0.03   
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Phylum Zooplankton 2010 2011 2012 2014 

Evadne normanni 0.21 1.15 0.21   

Evadne sp. 0.10 0.07 2.39   

Evadne spinifera   0.03     

Galathea sp.     0.09   

Gammaridea indet. 0.32 0.24 0.15   

Gastrosaccus sp. 0.02       

Geryonidae indet. 0.24       

Gnathiidae   0.07 0.06   

Halacaridae indet. 0.03 0.03 0.06 0.10 

Hippolyte sp.   0.01     

Homarus gammarus     0.03   

Hyas sp.     0.03   

Idotea 0.07 0.01     

Isaeidae       0.10 

Ischyroceridae 0.02       

Isopoda indet. 0.16 0.15 0.09   

Macropodia sp.   0.01     

Monodaeus couchii   0.03     

Munida sp.     0.03   

Munnidae   0.01 0.03   

Mysidae indet.   0.01     

Nanocassiope 

melanodactyla   0.07     

Nepinnotheres 

pinnotheres 0.05       

Ostracod   0.07 0.27   

Palaemon sp.     0.03   

Pandalina sp.   0.01     

Pandalina 

brevirostris     0.24   

Parthenope indet. 0.02       

Pasiphaea sp. 0.02 0.03 0.03   

Phtisica marina 0.27 0.01     

Pilumnus sp. 0.02 0.20     

Pinnotheres pissum   0.03     

Pirimela denticulata   0.01 0.12 0.76 

Pisidia longicornis 0.60 0.92 0.15 0.10 

Podocopida     0.06 0.10 

Podon intermedius 0.02 0.17 0.06   

Podon leukart 1.37 0.62 1.62   

Podon spp. 0.32 0.09 0.03 0.10 
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Phylum Zooplankton 2010 2011 2012 2014 

Porcellana 

platycheles 0.71     0.10 

Porcellanidae indet. 0.41       

Portumnus latipes     0.06   

Portumnus sp.   0.04 0.06   

Thalassinidae indet. 0.07       

Thia scutellata     0.09   

Thoracica nauplius 28.45 19.24 161.26 86.21 

Thoralus sp.   0.01     

Uca tangeri 0.03 0.01     

Xantho sp.   0.03     

Total Arthropoda (Excluding Copepoda) 46.91 28.21 190.08 97.56 

Brachiopoda 
Brachiopoda 0.21 0.04     

Lingulacea larvae 0.16       

Total Brachiopoda 0.37 0.04     

Total Bryozoa 0.70 3.77 19.24 20.66 

Chaetognatha 

Chaetognatha indet.   0.01 0.03   

Parasagitta elegans 0.07 0.25 0.09 0.67 

Parasagitta setosa 4.84 2.64 0.66 1.05 

Parasagitta sp. 3.02 0.35 0.15 0.10 

Spadella 

cephaloptera     0.03   

Total Chaetognatha 7.93 3.25 0.96 1.81 

Chordata 

Ammodytes lancea 0.04       

Ammodytes marinus   0.03     

Ammodytidae     0.18   

Appendicularia 6.91 10.99 103.21 17.99 

Arnoglossus laterna 0.02       

Ascidian tadpole 0.02   0.09   

Chirolophis askanii     0.03   

Clupea harengus     0.03   

Crenilabrus melops   0.03     

Fish indet. 0.03 0.12 0.24   

Fish egg indet. 0.25 0.16 0.99 0.77 

Gobiidae       0.19 

Limanda limanda       0.10 

Merlangius 

merlangus     0.03   

Oikopleura larvae 0.80 0.01     

Platichthys flesus     0.03   

Pomatoschistus   0.01     
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Phylum Zooplankton 2010 2011 2012 2014 

minutus 

Solea solea     0.03   

Soleidae     0.09   

Total Chordata 8.08 11.35 104.95 19.04 

Cnidaria 

Actinula larva   0.03     

Amphinema sp.   0.04     

Anthoathecata 0.09 0.63 0.06 0.10 

Anthozoa indet. 0.07 0.05 0.69   

Aurelia aurita     0.39   

Clytia hemisphaerica 2.03 1.04 0.15 0.10 

Cnidaria indet. 0.06       

Coryne prolifera       0.10 

Coryne sp.   0.04 0.15   

Corynidae   0.04 0.09   

Cosmetira pilosella       0.10 

Diphyinae       0.10 

Euphysa sp.   0.12     

Gossea corynetes   0.04     

Hybocodon prolifer   0.04     

Hydractinia sp.     0.06   

Hydrozoa indet. 0.17 0.28 0.15   

Leptothecata 0.82 1.67 1.56 2.86 

Liriope tetraphylla 0.03   0.30   

Lizzia blondina 0.06       

Lovenella sp.     0.03   

Mitrocomella 

brownei   0.01     

Modeeria rotunda       0.10 

Obelia sp. 0.03 0.09 0.03 0.19 

Phialella quadrata     0.06 0.48 

Phialella sp.   0.98 0.12   

Sarsia spp. 0.05 0.03 0.30   

Sarsia tubulosa 0.04       

Scyphozoa indet.   0.01 0.06 0.48 

Semaeostomeae   0.08 0.03   

Stauridiosarsia 

ophiogaster       0.10 

Turritopsis nutricula   0.01     

Zanclea sp.   0.04     

Total Cnidaria 3.45 5.29 4.22 4.67 

Ctenophora Beroe gracilis       0.19 
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Phylum Zooplankton 2010 2011 2012 2014 

Beroe sp.   0.01 0.03 0.10 

Bolinopsis 

infudibulum   0.04     

Ctenophore indet. 0.17 0.16     

Pleurobrachia pileus   0.33 1.11 0.48 

Total Ctenophora 0.17 0.55 1.14 0.76 

Echinodermata 

Asteroidae indet. 0.10 0.04 0.03   

Bipinnaria larvae 0.27       

Echinodermata 

indet.   0.03     

Echinopluteus 0.05 0.01   0.67 

Ophiopluteus larvae 0.42 0.59 0.21 0.19 

Ophiothrix fragilis 0.09   0.03   

Ophiura ophiura 0.13       

Ophiuroidea indet 0.59 0.13 0.03 0.10 

Protankyra sp. 

(pentactula stage)       0.19 

Total Echinodermata 1.65 0.80 0.30 1.14 

Total Other Egg 1.17 1.11 0.87 1.71 

Total Foraminifera   0.24 1.11 0.19 

Total Hemichordata   0.01 0.03   

Mollusca 

Bivalve veliger   0.98 0.84 0.19 

Gastropod veliger 1.27 0.55 1.50   

Lamellaria sp.   0.01 0.09   

Lamellaria perspicua   0.11 0.12 0.10 

Littorina littorea 0.70 1.82 12.93 4.48 

Mytilus sp. 0.05       

Opisthobranch     0.03   

Prosobranch veliger 0.36 0.11 0.12 1.82 

Total Mollusca 2.38 3.57 15.62 6.59 

Total Myzozoa 91.64 73.55 156.21 9.42 

Total Nemertea 0.03       

Total Phoronida 0.04       

Total Rotifera   0.01     

Total Tardigrada     0.03   

Total Other Zooplankton 0.24 0.24 0.45 0.57 
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Table L.3 : Output of two-way SIMPER analysis displaying contribution of zooplankton taxa to the dissimilarity between 

monitoring years across all seasons. Only taxa cumulatively contributing to 50% of dissimilarity are displayed.  

Years 2010 & 2011     

Average dissimilarity = 

59.20 

2010 2011 Contribution 

(%) 

Cumulative 

(%) 

Taxa Average abundance 

(square root) 

Average abundance 

(square root) 

Noctiluca indet. 4.56 4.24 10.07 10.07 

Acartia spp. 6.05 2.18 7.66 17.73 

Temora longicornis 8.34 6.46 6.59 24.32 

Paracalanus parvus 5.38 4.84 5.16 29.48 

Centropages hamatus 6.21 4.7 4.92 34.4 

Pseudo/Paracalanus #juv. 2.43 0.71 3.94 38.34 

Pseudocalanus elongatus 2.41 4.46 3.19 41.54 

Appendicularia 1.84 2.65 3.11 44.64 

Acartia clausi 0 1 2.72 47.37 

Thoracica nauplius 2.58 2.71 2.09 49.46 

Calanoida indet. 1.34 0.34 1.86 51.32 

Years 2010 & 2012     

Average dissimilarity = 

62.26 

2010 2012 Contribution 

(%) 

Cumulative 

(%) 

Taxa Average abundance 

(square root) 

Average abundance 

(square root) 

Noctiluca indet. 4.56 3.48 13.01 13.01 

Temora longicornis 8.34 14.72 9.45 22.46 

Centropages hamatus 6.21 7.81 5.7 28.16 

Acartia spp. 6.05 0.22 5.16 33.32 

Thoracica nauplius 2.58 9.36 4.02 37.34 

Appendicularia 1.84 5.23 3.69 41.03 

Acartia clausi 0 1.17 3.18 44.21 

Paracalanus parvus 5.38 2.19 2.98 47.19 

Pseudocalanus 

elongatus 

2.41 4.86 2.91 50.1 

Years 2011 & 2012     

Average dissimilarity = 

62.87 

2011 2012 Contribution 

(%) 

Cumulative 

(%) 

Taxa Average abundance 

(square root) 

Average abundance 

(square root) 

Temora longicornis 6.46 14.72 10.38 10.38 

Centropages hamatus 4.7 7.81 7.78 18.16 

Thoracica nauplius 2.71 9.36 7.34 25.5 
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Appendicularia 2.65 5.23 4.88 30.39 

Pseudocalanus 

elongatus 4.46 4.86 4.49 34.88 

Noctiluca indet. 4.24 3.48 3.81 38.69 

Paracalanus parvus 4.84 2.19 3.76 42.45 

Acartia spp. 2.18 0.22 3.58 46.03 

Littorina littorea 0.68 2.5 3.48 49.5 

Spionidae indet. 1.04 2.85 2.7 52.2 

Years 2010 & 2014     

Average dissimilarity = 

66.86 

2010 2014 Contribution 

(%) 

Cumulative 

(%) 

Taxa Average abundance 

(square root) 

Average abundance 

(square root) 

Noctiluca indet. 4.56 1.38 10.62 10.62 

Acartia spp. 6.05 0 5.92 16.54 

Thoracica nauplius 2.58 7.33 5.55 22.09 

Temora longicornis 8.34 7.6 5.53 27.63 

Acartia clausi 0 3.62 5.39 33.02 

Pseudocalanus 

elongatus 2.41 6.65 5.31 38.33 

Centropages hamatus 6.21 4.68 4.64 42.97 

Cyprid larvae indet. 1.44 1.62 3.89 46.86 

Bryozoa indet. larvae 0.14 3.9 3.49 50.35 

Years 2011 & 2014     

Average dissimilarity = 

57.21 

2011 2014 Contribution 

(%) 

Cumulative 

(%) 

Taxa Average abundance 

(square root) 

Average abundance 

(square root) 

Temora longicornis 6.46 7.6 8.78 8.78 

Thoracica nauplius 2.71 7.33 7.22 16 

Centropages hamatus 4.7 4.68 7.02 23.01 

Pseudocalanus 

elongatus 4.46 6.65 6.07 29.08 

Acartia spp. 2.18 0 5.08 34.15 

Appendicularia 2.65 3.24 4.53 38.68 

Acartia clausi 1 3.62 4.15 42.83 

Bryozoa indet. larvae 1.07 3.9 3.97 46.8 

Noctiluca indet. 4.24 1.38 3.79 50.59 
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Years 2012 & 2014     

Average dissimilarity = 

64.01 

2012 2014 Contribution 

(%) 

Cumulative 

(%) 

Taxa Average abundance 

(square root) 

Average abundance 

(square root) 

Temora longicornis 14.72 7.6 15.01 15.01 

Thoracica nauplius 9.36 7.33 10.99 26 

Centropages hamatus 7.81 4.68 7.81 33.81 

Appendicularia 5.23 3.24 6.01 39.82 

Magelonidae 3.45 0 3.93 43.75 

Lanice sp. 3.21 0.29 3.78 47.53 

Pseudocalanus 

elongatus 4.86 6.65 3.67 51.2 

Table L.4 : Output of one-way ANOSIM analysis detailing pairwise comparisons for all zooplankton taxa between months. 

Highlighted rows indicate considerable overlap between communities (R value <0.250). 

Groups R Statistic Significance Level % 

May, June 0.152 0.1 

May, July 0.311 0.1 

May, August 0.415 0.1 

May, September 0.686 0.1 

May, October 0.855 0.1 

May, November 0.909 0.1 

May, December 0.585 0.1 

May, January 0.764 0.1 

May, February 0.869 0.1 

May, March 0.654 0.1 

May, April 0.2 0.1 

June, July 0.123 0.3 

June, August 0.238 0.1 

June, September 0.691 0.1 

June, October 0.866 0.1 

June, November 0.914 0.1 

June, December 0.665 0.1 

June, January 0.824 0.1 

June, February 0.953 0.1 

June, March 0.863 0.1 

June, April 0.587 0.1 

July, August 0.082 2.5 

July, September 0.587 0.1 

July, October 0.75 0.1 

July, November 0.709 0.1 
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Groups R Statistic Significance Level % 

July, December 0.356 0.1 

July, January 0.75 0.1 

July, February 0.913 0.1 

July, March 0.86 0.1 

July, April 0.68 0.1 

August, September 0.343 0.1 

August, October 0.533 0.1 

August, November 0.511 0.1 

August, December 0.202 1.1 

August, January 0.6 0.1 

August, February 0.916 0.1 

August, March 0.877 0.1 

August, April 0.675 0.1 

September, October 0.082 1.2 

September, November 0.234 0.1 

September, December 0.154 3.9 

September, January 0.506 0.1 

September, February 0.95 0.1 

September, March 0.938 0.1 

September, April 0.801 0.1 

October, November 0.005 38.9 

October, December 0.251 0.1 

October, January 0.456 0.1 

October, February 0.915 0.1 

October, March 0.942 0.1 

October, April 0.879 0.1 

November, December 0.23 1.5 

November, January 0.326 0.2 

November, February 0.907 0.1 

November, March 0.94 0.1 

November, April 0.889 0.1 

December, January 0.189 3.7 

December, February 0.868 0.1 

December, March 0.894 0.1 

December, April 0.732 0.1 

January, February 0.623 0.1 

January, March 0.824 0.1 

January, April 0.758 0.1 

February, March 0.57 0.1 

February, April 0.762 0.1 
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Groups R Statistic Significance Level % 

March, April 0.429 0.1 

Table L.5 : Output of two-way crossed SIMPER analysis displaying contribution of zooplankton taxa to the dissimilarity 

between seasons across all years. Only taxa cumulatively contributing to 50% of dissimilarity are displayed. 

Groups Spring & 

Summer  

    

Average dissimilarity = 

66.76 

Spring  Summer Contribution 

(%) 

Cumulative 

(%) 

Taxa Average abundance 

(square root) 

Average abundance 

(square root) 

Noctiluca indet 2.92 10.56 15.84 15.84 

Thoracica nauplius 11.47 2.11 8.98 24.81 

Temora longicornis 14.84 9.48 6.45 31.26 

Centropages hamatus 8.23 7.18 5.43 36.7 

Pseudocalanus 

elongatus 5.97 2.17 5.12 41.81 

Acartia spp. 2.02 4.98 4.39 46.2 

Appendicularia 5.75 1.95 3.47 49.68 

Cyprid larvae indet. 3.86 0.57 3.39 53.06 

 

Groups Spring & 

Autumn 

    

Average dissimilarity = 

71.79 

Spring  Autumn Contribution 

(%) 

Cumulative 

(%) 

Taxa Average abundance 

(square root) 

Average abundance 

(square root) 

Thoracica nauplius 11.47 0.19 11.16 11.16 

Paracalanus parvus 1.66 8.73 8.08 19.24 

Temora longicornis 14.84 5.84 6.74 25.98 

Centropages hamatus 8.23 3.76 5.53 31.5 

Noctiluca indet 2.92 0.7 4.95 36.45 

Pseudocalanus 

elongatus 5.97 3.39 4.37 40.82 

Cyprid larvae indet. 3.86 0.06 3.82 44.65 

Acartia spp. 2.02 1.99 3.79 48.43 

Appendicularia 5.75 2.2 3.44 51.88 
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Groups Summer & 

Autumn 

    

Average dissimilarity = 

65.81 

Summer Autumn Contribution 

(%) 

Cumulative 

(%) 

Taxa Average abundance 

(square root) 

Average abundance 

(square root) 

Noctiluca indet 10.56 0.7 12.74 12.74 

Paracalanus parvus 3.26 8.73 8.84 21.57 

Temora longicornis 9.48 5.84 7.29 28.86 

Centropages hamatus 7.18 3.76 5.66 34.52 

Acartia spp. 4.98 1.99 5.47 39.99 

Parasagitta setosa 0.32 2.58 3.42 43.41 

Pseudocalanus elongatus 2.17 3.39 3.32 46.73 

Pseudo/Paracalanus #juv. 0.54 1.96 2.7 49.42 

Appendicularia 1.95 2.2 2.68 52.11 

Groups Spring & Winter     

Average dissimilarity = 

68.67 

Spring Winter Contribution 

(%) 

Cumulative 

(%) 

Taxa Average abundance 

(square root) 

Average abundance 

(square root) 

Thoracica nauplius 11.47 1.97 12.94 12.94 

Temora longicornis 14.84 1.97 12.7 25.64 

Centropages hamatus 8.23 2.35 7.55 33.19 

Appendicularia 5.75 1.37 4.94 38.13 

Pseudocalanus elongatus 5.97 5.14 4.56 42.69 

Bryozoa indet. larvae 3.85 0.81 4.22 46.91 

Cyprid larvae indet. 3.86 0.03 3.8 50.71 

Groups Summer & 

Winter 

    

Average dissimilarity = 

72.74 

Summer Winter Contribution 

(%) 

Cumulative 

(%) 

Taxa Average abundance 

(square root) 

Average abundance 

(square root) 

Noctiluca indet 10.56 0.4 20.64 20.64 

Temora longicornis 9.48 1.97 7.67 28.31 

Pseudocalanus elongatus 2.17 5.14 6.09 34.4 

Centropages hamatus 7.18 2.35 5.7 40.09 

Paracalanus parvus 3.26 3.78 3.68 43.78 

Acartia spp. 4.98 1.11 3.54 47.32 

Pseudo/Paracalanus #juv. 0.54 1.57 3.21 50.53 
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Groups Autumn & 

Winter 

    

Average dissimilarity = 

65.04 

Autumn Winter Contribution 

(%) 

Cumulative 

(%) 

Taxa Average abundance 

(square root) 

Average abundance 

(square root) 

Paracalanus parvus 8.73 3.78 9.51 9.51 

Temora longicornis 5.84 1.97 7.58 17.09 

Centropages hamatus 3.76 2.35 6.42 23.51 

Pseudocalanus elongatus 3.39 5.14 5.8 29.32 

Acartia clausi 1.48 0.08 4.83 34.15 

Pseudo/Paracalanus #juv. 1.96 1.57 4.38 38.53 

Corycaeus anglicus 1.71 0.14 4.34 42.87 

Parasagitta setosa 2.58 0.47 3.7 46.57 

Appendicularia 2.2 1.37 3.27 49.84 

Thoracica nauplius 0.19 1.97 3.25 53.09 

Table L.6 : Output of one-way ANOSIM analysis detailing pairwise comparisons for copepod taxa between months. Highlighted 

rows indicate either insignificant results (significance level < 1%) or where R statistic is <0.450. 

Groups R Statistic Significance Level  % 

May, June 0.019 18.1 

May, July 0.105 0.5 

May, August 0.204 0.1 

May, September 0.494 0.1 

May, October 0.698 0.1 

May, November 0.778 0.1 

May, December 0.29 0.2 

May, January 0.706 0.1 

May, February 0.915 0.1 

May, March 0.592 0.1 

May, April 0.163 0.1 

June, July 0.061 4.6 

June, August 0.169 0.2 

June, September 0.403 0.1 

June, October 0.659 0.1 

June, November 0.793 0.1 

June, December 0.305 0.2 

June, January 0.726 0.1 

June, February 0.933 0.1 

June, March 0.623 0.1 

June, April 0.283 0.1 

July, August 0.021 21.5 
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Groups R Statistic Significance Level  % 

July, September 0.382 0.1 

July, October 0.56 0.1 

July, November 0.596 0.1 

July, December 0.166 4.1 

July, January 0.666 0.1 

July, February 0.858 0.1 

July, March 0.529 0.1 

July, April 0.311 0.1 

August, September 0.208 0.1 

August, October 0.373 0.1 

August, November 0.392 0.1 

August, December 0.03 29.7 

August, January 0.545 0.1 

August, February 0.837 0.1 

August, March 0.543 0.1 

August, April 0.32 0.1 

September, October 0.074 3.3 

September, November 0.173 0.2 

September, December 0.125 6.8 

September, January 0.498 0.1 

September, February 0.861 0.1 

September, March 0.58 0.1 

September, April 0.474 0.1 

October, November -0.056 93.7 

October, December 0.213 0.8 

October, January 0.416 0.1 

October, February 0.732 0.1 

October, March 0.529 0.1 

October, April 0.61 0.1 

November, December 0.288 0.4 

November, January 0.399 0.1 

November, February 0.726 0.1 

November, March 0.512 0.1 

November, April 0.629 0.1 

December, January 0.241 1.3 

December, February 0.682 0.1 

December, March 0.299 0.4 

December, April 0.322 0.2 

January, February 0.307 0.1 

January, March 0.351 0.1 
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Groups R Statistic Significance Level  % 

January, April 0.505 0.1 

February, March 0.286 0.1 

February, April 0.755 0.1 

March, April 0.459 0.1 

Table L.7 : Output of two-way SIMPER analysis displaying contribution of copepod species to the dissimilarity between 

seasons across all years. Only taxa cumulatively contributing to 50% of dissimilarity are displayed. 

Groups Spring & Summer     

Average dissimilarity = 

51.25 

Spring Summer Contribution 

(%) 

Cumulative 

(%) 

Taxa Average abundance 

(square root) 

Average abundance 

(square root) 

Temora longicornis 14.84 9.48 18.66 18.66 

Centropages hamatus 8.23 7.18 15.81 34.47 

Pseudocalanus elongatus 5.97 2.17 15.05 49.51 

Acartia spp. 2.02 4.98 12.35 61.87 

 

Groups Spring & 

Autumn 

    

Average dissimilarity = 

58.32 

Spring Autumn Contribution 

(%) 

Cumulative 

(%) 

Taxa Average abundance 

(square root) 

Average abundance 

(square root) 

Paracalanus parvus 1.66 8.73 19.06 19.06 

Temora longicornis 14.84 5.84 15.82 34.88 

Centropages hamatus 8.23 3.76 12.86 47.74 

Pseudocalanus elongatus 5.97 3.39 10.06 57.8 

Groups Summer & 

Autumn 

    

Average dissimilarity = 

53.36 

Summer Autumn Contribution 

(%) 

Cumulative 

(%) 

Taxa Average abundance 

(square root) 

Average abundance 

(square root) 

Paracalanus parvus 3.26 8.73 19.1 19.1 

Temora longicornis 9.48 5.84 14.92 34.01 

Centropages hamatus 7.18 3.76 11.89 45.9 

Acartia spp. 4.98 1.99 10.51 56.41 
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Groups Spring & Winter     

Average dissimilarity = 

58.85 

Spring Winter Contribution 

(%) 

Cumulative 

(%) 

Taxa Average abundance 

(square root) 

Average abundance 

(square root) 

Temora longicornis 14.84 1.97 31.87 31.87 

Centropages hamatus 8.23 2.35 18.09 49.95 

Pseudocalanus elongatus 5.97 5.14 11.04 60.99 

Groups Summer & 

Winter 

    

Average dissimilarity = 

61.28 

Summer Winter Contribution 

(%) 

Cumulative 

(%) 

Taxa Average abundance 

(square root) 

Average abundance 

(square root) 

Temora longicornis 9.48 1.97 19.25 19.25 

Pseudocalanus elongatus 2.17 5.14 15.17 34.41 

Centropages hamatus 7.18 2.35 14.44 48.85 

Paracalanus parvus 3.26 3.78 8.96 57.81 

Groups Autumn & 

Winter 

    

Average dissimilarity = 

56.53 

Autumn Winter Contribution 

(%) 

Cumulative 

(%) 

Taxa Average abundance 

(square root) 

Average abundance 

(square root) 

Paracalanus parvus 8.73 3.78 17.3 17.3 

Temora longicornis 5.84 1.97 13.7 31 

Centropages hamatus 3.76 2.35 11.28 42.28 

Pseudocalanus elongatus 3.39 5.14 10.48 52.76 

 



[This page is intentionally blank]



Appendix F –
Fish and Fisheries  
(ES Appendix D13.04)

Wylfa Newydd Project
Operational Water Discharge Activity –  
Environmental Permit Application: Appendices E to J

F



[This page is intentionally blank]



EN
ERGY W

O
RKIN

G FO
R BRITAIN

Horizon Internal DCRM Number: WN0902-JAC-PAC-APP-00166

Application Reference Number: 6.4.86

Wylfa Newydd Project 
6.4.86 ES Volume D - WNDA Development App 
D13-4 - Fish Surveys Report

June 2018

Revision 1.0 

Regulation Number: 5(2)(a)

Planning Act 2008 
Infrastructure Planning (Applications: Prescribed Forms and Procedure) Regulations 2009

PINS Reference Number: EN010007



[This page is intentionally blank]



Fish Survey Report  

 

 
60PO8007/AQE/REP/003 ii 

Contents 
Executive Summary ............................................................................................................................................... 1 

1. Introduction ................................................................................................................................................ 3 

1.1 Overview ...................................................................................................................................................... 3 

1.2 The Project .................................................................................................................................................. 3 

1.3 Site Description ........................................................................................................................................... 3 

1.4 Study Aims and Objectives ......................................................................................................................... 4 

1.5 Study Area ................................................................................................................................................... 5 

1.6 Fish Surveys ................................................................................................................................................ 5 

1.7 Literature Review ......................................................................................................................................... 5 

2. Ichthyoplankton Communities ................................................................................................................. 9 

2.1 Methodology ................................................................................................................................................ 9 

2.2 Results ....................................................................................................................................................... 12 

2.3 Comparison to Published Literature .......................................................................................................... 24 

2.4 Discussion of Ichthyoplankton Communities ............................................................................................. 32 

3. Intertidal Fish Communities ................................................................................................................... 35 

3.1 Seine net and Potting Surveys .................................................................................................................. 35 

3.2 Diver Surveys ............................................................................................................................................ 60 

3.3 Discussion of Intertidal Fish Communities ................................................................................................ 66 

4. Subtidal Fish and Shellfish Communities............................................................................................. 71 

4.1 Methodology .............................................................................................................................................. 71 

4.2 Results ....................................................................................................................................................... 73 

4.3 Comparison to Published Literature .......................................................................................................... 94 

4.4 Discussion of Subtidal Fish and Shellfish Communities ......................................................................... 107 

5. Overall Discussion ................................................................................................................................ 112 

5.1 Species of Conservation Importance ...................................................................................................... 115 

6. Conclusions ........................................................................................................................................... 116 

7. References ............................................................................................................................................. 119 

 
 Fish Survey Programme ............................................................................................................. 123 

 Statistical Glossary and Methodologies ................................................................................... 129 

 Results of Ichthyoplankton Statistics ....................................................................................... 133 

 Presence/Absence of fish taxa................................................................................................... 138 

 Feeding Guilds Explained ........................................................................................................... 141 

 Results of Intertidal Survey Statistics ....................................................................................... 142 

 Results of Subtidal Survey Statistics ........................................................................................ 162 

 

 

 



Fish Survey Report  

 

 
60PO8007/AQE/REP/003  1 

Executive Summary 
Jacobs UK Limited (Jacobs) was commissioned by Horizon Nuclear Power Wylfa Limited (Horizon) to undertake 
a full marine ecological survey programme within the vicinity of the proposed new Nuclear Power Station (the 
Wylfa Newydd Power Station) on north Anglesey. This report summarises the fish surveys that took place 
between spring (April) 2010 and autumn (November) 2015. 

Baseline fish surveys were carried out with the aim of assessing the prevailing environmental and ecological 
conditions and to enable assessments of the predicted impacts of the Wylfa Newydd Power Station within the 
final Environmental Statement. The fish survey programme used a multi-method approach to characterise fish 
communities from a variety of habitats. In total, the baseline surveys reported here have recorded 111 fish to 
genus or species level. 

Ichthyoplankton (fish larvae) sampling was completed at seven sites along the north Anglesey coast. The 
greatest abundance of larvae was observed in April and May following the spring spawning of various species. 
The ichthyoplankton samples were dominated by sandeel (Ammodytidae) and consisted mainly of inshore 
species such as gobies (Gobiidae) and flatfish (Pleuronectidae). 

The ichthyoplankton samples did not contain significantly high numbers of the commercially exploited species 
whiting and cod; however, numbers of Clupeidae (represent mainly by sprat) represented approximately 11% of 
the larvae collected. The data suggest the presence of low intensity sandeel spawning grounds inshore within 
the Wylfa Newydd Development Area, compared to high intensity area identified offshore and in the eastern 
Irish Sea. Inshore abundances of other dominant ichthyoplankton species (i.e. sprat, dab and dragonets) were 
also much lower than those reported for the eastern Irish Sea and further offshore. 

Intertidal surveys used seine nets to sample fish from 11 sandy and mixed-substrate beaches between Traeth 
Mawr near Holyhead in the west and Traeth Bychen in the east. Fish traps sampled fish from two rocky bays 
along the north coast (Porth-y-pistyll and Porth Wen). Diving surveys helped to fill knowledge gaps for the rocky 
coastline between intertidal sampling areas. Clupeids, sandeel and plaice dominated samples in spring and into 
summer with sand smelt dominating in autumn. Winter samples generated very few fish in all years, a result 
attributed to the moderately exposed nature of the coast and colder water temperatures in the shallower, 
intertidal waters.  

The intertidal survey programme has confirmed the presence of inshore nursery areas for sandeel and plaice. 
For plaice, these are primarily located up to 24 km east of the Wylfa Newydd Development Area, with 
abundances declining markedly further towards the west. Sandeel nursery areas appear to be affiliated with 
sandy bays along the north coast of Anglesey and therefore represent a more patchy distribution. The east 
coast sites recorded higher abundances of juvenile clupeids and plaice, whereas sites further west supported 
greater numbers of sand smelt.  Porth-y-pistyll and certain areas of Cemaes Bay supported notable numbers of 
clupeids and reasonably high numbers of sand smelt; however, these areas were not found to be particularly 
important nursery areas for sandeel, and there was a distinct absence of plaice and other flatfish species from 
these sites. Western Cemlyn Bay also recorded reasonably high numbers of sand smelt but was not an 
important nursery area for sandeel. 

Dive surveys in the vicinity of the cooling water outfall of the Existing Power Station demonstrated there was no 
major negative impact on the nearshore fish populations of the north Anglesey coast. If any impact occurred, it 
remained localised to within a few hundred metres of the outfall. The results and further observations from 
surveys in 2011 and 2012 confirm that the discharge attracts mullet and bass and might attract greater numbers 
of gobies and juvenile gadoids to the general area to feed. 

Subtidal surveys were completed at five sites along the north Anglesey coast. Subtidal trawl data, along with 
published literature and evidence from other fish surveys has been used to characterise subtidal fish 
communities. Whiting and dab were the most abundant species and dominated the subtidal fish community. 
Even though fish species such as herring, sandeel, plaice and dab are considered key species characterising 
wider fish communities along the north coast of Anglesey, they are not considered to represent key species of 
the subtidal fish communities within the Wylfa Newydd Development Area and Disposal Site. Herring, however, 
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is likely to be a key species characterising fish communities at the Disposal Site considering its wider 
distribution, abundance and behaviour.  

Whiting is considered to represent a significant component of subtidal fish communities within the Wylfa 
Newydd Development Area and Disposal Site whilst cod remains a notable though not dominant species 
characterising fish communities within and around these areas. It is expected that fish communities at the 
Disposal Site would be dominated by pelagic species such as sprat and herring; bentho-pelagic species such 
as poor cod, whiting and other gadoids species; and demersal species such as lesser-spotted dogfish, common 
dragonet and perhaps species such as pogge. 

The subtidal reference site SF01 in Red Wharf Bay is located within a Natura 2000 site (Menai Strait and 
Conwy Bay Special Area of Conservation (SAC)) and consistently yielded the highest numbers of fish in terms 
of abundance and species richness. There was a clear difference in community composition between that 
recorded at Red Wharf Bay (SF01) and all other sites (SF02-SF05). These spatial differences were largely 
caused by variations in the abundance of whiting, dab and poor cod, rather than the community as a whole. No 
clear temporal distinction was seen between the catch by either season or year.   

The only shellfish species of commercial or conservational importance recorded during subtidal surveys was the 
native oyster Ostrea edulis, but in very low abudnance. Scallops, crabs and whelks represent the commercial 
species that were recorded in the highest abundances, their distribution reflecting known commercial grounds 
around the north coast of Anglesey. Shellfish abundance was reasonably low within the vicinity of the Wylfa 
Newydd Development Area, increasing out towards known commercial fishing grounds along the north-east 
coast of Anglesey. 

Atlantic salmon, Twaite and Allis shad, sea lamprey, smelt, European eel, hake and Corbin’s sandeel may be 
present in the waters around the north Anglesey coast in low numbers throughout the year or during peak 
migratory periods. To date, none of these species have been recorded during annual sampling or during the 
sampling carried out by Bangor University. A single river lamprey was recorded from the Existing Power Station 
cooling water intake. 

Atlantic halibut, cod, haddock, tope, spurdog, bull huss/nurse hound, blonde ray and thornback ray have all 
been recorded from fish surveys and are listed in the International Union for the Conservation of Nature (IUCN) 
Red List as ‘near threatened’ or ‘vulnerable’. 
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1. Introduction 
1.1 Overview 

Horizon Nuclear Power Wylfa Limited (hereafter referred to as Horizon) is currently planning to develop a new 
Nuclear Power Station on Anglesey as identified in the National Policy Statement for Nuclear Power Generation 

(EN-6) (Department of Energy and Climate Change, 2011). The Wylfa Newydd Project (the Project) comprises 
the proposed new Nuclear Power Station, including the reactors, associated plant and ancillary structures and 
features, together with all of the development needed to support its delivery, such as highway improvements, 
worker accommodation and specialist training facilities. It also includes the licenced Disposal Site at Holyhead 
North (IS043). The Project will require a number of applications to be made under different legislation to 
different regulators. As a Nationally Significant Infrastructure Project under the Planning Act 2008, the 
construction and operation must be authorised by a Development Consent Order. A separate application for a 
Marine Licence for marine construction works and marine dredging and disposals is also required under the 
Marine and Coastal Access Act 2009. 

Jacobs UK Limited (Jacobs) was commissioned by Horizon to undertake a full ecological survey programme 
within the vicinity of the proposed new Nuclear Power Station on Anglesey (the Wylfa Newydd Power Station). 
This report details the findings of the fish survey programme carried out between 2010 and 2015.  To inform the 
baseline assessment, a desk-based review of existing data sources was also carried out. Where appropriate, 
this information has been presented to provide further support to the baseline description of fish and shellfish 
populations around the north Anglesey coast and within the wider eastern Irish Sea. Collectively, the information 
contained within this report has been used to inform the various applications, assessments and permits that will 
be submitted for approval to construct and operate the Wylfa Newydd Power Station and Associated 
Development1.  

This report uses a number of technical terms and abbreviations. Key terms are capitalised and explained with 
their acronyms within the text. References to legislation are to that legislation as in force at the time of the 
publication of this report. 

1.2  The Project 

The Project includes the Wylfa Newydd Power Station and Associated Development. The Wylfa Newydd Power 
Station includes two UK Advanced Boiling Water Reactors to be supplied by Hitachi-GE Nuclear Energy 
Limited, associated plant and Ancillary Structures and features. In addition to the reactors, development on the 
Power Station Site would include steam turbines, control and service buildings, operational plant, radioactive 
waste storage buildings, Ancillary Structures, offices and coastal developments. The coastal developments 
would include a Cooling Water System and breakwater, and a Marine Off-Loading Facility.  

1.3 Site Description 

1.3.1 Wylfa Newydd Development Area 

The Wylfa Newydd Development Area (the indicative areas of land and sea, including the Power Station Site, 
the Wylfa NPS Site2 and the surrounding areas that would be used for the construction and operation of the 
Power Station) covers an area of approximately 380 ha (Figure 1.1). It is bounded to the north by the coast and 
the existing Magnox Power Station (the Existing Power Station). To the east, it is separated from Cemaes by a 
narrow corridor of agricultural land. The A5025 and residential properties define part of the south-east 
boundary, with a small parcel of land spanning the road to the north-east of Tregele. To the south and west, the 
Wylfa Newydd Development Area abuts agricultural land, and to the west it adjoins the coastal hinterland.   

                                                      
1 Development needed to support delivery of the Wylfa Newydd Power Station is referred to as Associated Development. This includes highway 

improvements along the A5025, Park and Ride Facilities for construction workers, Logistics Centre, Temporary Workers’ Accommodation, 
Specialist Training Facilities, Horizon’s Visitor Centre and Media Briefing Facilities. 

 
2 The site identified on Anglesey by the National Policy Statement for Nuclear Power Generation (EN-6) as potentially suitable for the deployment of a 

new Nuclear Power Station.   
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The Wylfa Newydd Development Area includes the headland south of Mynydd y Wylfa candidate Wildlife Site. 
There are two designated sites for nature conservation within the Wylfa Newydd Development Area: the Tre’r 

Gof Site of Special Scientific Interest (SSSI) and the Anglesey Terns/Morwenoliaid Ynys Môn Special Protection 
Area.  There is also a candidate Special Area of Conservation (cSAC) that has been submitted to the European 
Commission, but not formally adopted (North Anglesey Marine/Gogledd Môn Forol cSAC).  The Wylfa Newydd 
Development Area is within 1 km of the Cae Gwyn SSSI and Cemlyn Bay Special Area of Conservation (SAC) 
and SSSI3. 

The open coast location of north Anglesey is characterised by strong tidal flows (>1.5 m s-1) and a seabed that 
slopes steeply to a depth of approximately 25m to 30 m. The substrata are comprised of a mix of bedrock, 
boulders and cobbles and sediments including gravel and sands in variable proportions. The sublittoral 
coastline around north Anglesey comprises a diverse habitat assemblage characteristic of a moderately 
exposed, western UK, rocky coastline and dominated by macrophytic algae. 

1.3.2 The Holyhead North Disposal Site 

The licensed Disposal Site at Holyhead North (IS043) is situated approximately 4 km off the west coast of South 
Stack, Anglesey, at its closest point, within the Irish Sea. The Holyhead North Disposal Site is rectangular, 
measuring around 6.5 km in length and 4.4 km in width, oriented along a roughly north-south axis (Figure 1.2). 
The area of the site is approximately 28.6 km2. The southern and northern sections of the Disposal Site’s 

eastern boundary are approximately 9 km and 10 km, respectively, from the exit of Holyhead Harbour, whilst the 
north-west corner is approximately 15 km distant. 

Before 2017, the Holyhead North Disposal Site represented the northern half of the Holyhead Deep (IS040) 
Disposal Site; however, in 2017 it was designated a Disposal Site in its own right. The site IS040 was heavily 
active for several decades, receiving regular disposal events, which in recent years have largely comprised 
maintenance dredging from Stena Line Ports. Capital dredging is required for construction of the Wylfa Newydd 
Project, and it is proposed that excavated material be disposed at the Holyhead North Disposal Site. The 
southern half of the historical Holyhead Deep Disposal Site was awarded an Agreement for Lease by the Crown 
Estate for the development of a marine tidal energy array called Deep Green Utility.  

1.4  Study Aims and Objectives 

This study aims to provide a detailed baseline description of fish and shellfish populations present along the 
north Anglesey coast and within the wider eastern Irish Sea with particular consideration to the Holyhead North 
Disposal Site (herein referred to as ‘the Disposal Site’).  

The original scope of the survey programme in 2010 was developed in consultation with the Centre of Fisheries 
and Aquaculture Science (Cefas). Subsequent changes have been agreed in consultation with Natural 
Resources Wales (NRW) (previously known as Countryside Council for Wales).  

Outlined within this report are the results of all marine fish survey work undertaken to date by Jacobs as well as 
relevant data from literature. A final overall discussion of baseline fisheries information is provided in Section 5, 
which includes consideration of all life stages of fish considered present within intertidal and subtidal waters 
around the coast of Anglesey. Where appropriate, reference is provided to corresponding technical appendices 
throughout this document. 

The objective is to provide the context within which the predicted effects of the construction and operation of the 
Wylfa Newydd Project on fish and shellfish populations will be assessed. Furthermore, it will be used to give the 
context within which possible changes in fish and shellfish populations can be assessed and monitored 
following construction and operation of the Wylfa Newydd Project. This information is required to inform the 
various applications, assessments and permits required to construct and operate the Wylfa Newydd Power 
Station and Associated Development. 

                                                      
3 Note that the format of names for designated and conservation sites are consistent with JNCC guidance. 
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1.5 Study Area 

The survey study area covered coastal and offshore waters around north Anglesey, extending up to 15 km to 
the west, 25 km to the east and 5 km north of the Wylfa Newydd Development Area. Early modelling of the 
Wylfa Newydd Cooling Water discharge indicated a 5 km radius covers the area where potential significant 
effects may occur. Updated hydrodynamic modelling has confirmed this delineation is still appropriate. Survey 
effort was concentrated within this area to provide a more detailed temporal and spatial baseline description of 
fish and shellfish populations. 

The study area for the desk-based literature review considered existing data and information relevant to the 
survey study area as well as the wider eastern Irish Sea. The purpose of this information was to validate the 
findings of the fish survey programme and to provide ecological context to these findings at the appropriate 
spatial scale (e.g. spawning, population and stock distribution). 

1.6  Fish Surveys 

A multi-method survey technique was adopted for the fish surveys to facilitate sampling from this mosaic of 
habitats and environmental conditions present along the north Anglesey coast. Surveys were designed to 
assess both spatial and temporal variations in larval, juvenile and adult fish communities within the inshore and 
offshore waters north of Anglesey.  To provide an understanding of fish spawning and recruitment patterns, 
ichthyoplankton surveys were carried out monthly from May 2010 to September 2014; the results and 
discussion of this data are presented in Section 2.  

To provide an understanding of inshore fish communities, intertidal fish surveys were carried out on a quarterly 
basis between spring (April) 2010 and autumn (November) 2015. Diver fish surveys were also carried out in the 
summer of 2010 to assess sublittoral fish communities of the north Anglesey coast. Further anecdotal data was 
obtained during diver surveys in 2011 and 2012. It should be noted that the Existing Power Station was in 
operation at the time of sampling. Sites were therefore selected with increasing distance from the cooling water 
outfall to determine any gradients in community composition or diversity caused by the thermal discharge. A 
number of sites were determined to be beyond the likely detectable influence from the cooling water discharge 
(approximately 3 – 5 km). The results and discussion of the findings of these surveys can be found in Section 3. 

Offshore fish communities were sampled during subtidal fish surveys carried out on a quarterly basis between 
spring (April) 2010 and autumn (November) 2014; the results and discussion of this data are presented in 
Section 4. 

1.7 Literature Review 

To inform this baseline assessment of fish communities, a desk-based review of existing data sources was 
carried out. This included data relating to ichthyoplankton, juvenile and adult fish as well as shellfish. 
Commercial fisheries information has also been included to provide further evidence of abundance and 
distribution patterns of fish and shellfish populations as well as their social and commercial importance to the 
Isle of Anglesey.  The data sources used to inform this baseline report are described in Table 1.1. 

Table 1.1: Data sources used to inform fish and shellfish ecology baseline. 

Source Data/publication details Summary 

Spawning and nursery grounds of 
selected fish species in UK 
waters. 

Ellis et al. (2012) Spatial data highlighting the 
spawning and nursery grounds of 
key commercial species in UK 
waters. 

Irish Beam Trawl Surveys Parker-Humphreys (2004) Distribution and relative abundance 
of demersal fishes from beam trawl 
surveys in the Irish Sea (ICES 
division VIIa) 1993 – 2001.  
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Source Data/publication details Summary 

Impingement Monitoring Data Spencer (1990) Published results from a two-year 
study of impingement at the 
Existing Power Station between 
September 1985 and September 
1987.  

Impingement and Entrainment 
Monitoring Data 

Jacobs (2016a) (Application 
Reference Number: 6.4.92) 

Unpublished survey data from a 
16-month monitoring programme 
(March 2011 to July 2012) carried 
out at the Existing Power Station.  

UK Sea Fisheries Statistics 2014 MMO (2014) UK Sea Fisheries Statistics 2014 
provides a broad picture of the UK 
fishing industry and its operations. 

Fishmap Môn Project Fishmap Môn (2014) Findings of a collaborative pilot 
project between NRW and 
recreational and commercial 
fishermen in north Wales.  
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Figure 1.1: Wylfa Newydd Development Area and designated marine and coastal conservation sites.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

Figure 1.2:The Disposal Site and  designated marine and coastal conservation sites 
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2. Ichthyoplankton Communities 
2.1 Methodology 

Ichthyoplankton communities were sampled from 2010 to 2014 to provide data on early life stages, including 
larval fish and eggs. During the first full year of sampling (May 2010 to April 2011), surveys were carried out 
monthly to encompass the entire seasonal variation in ichthyoplankton abundance.  

Samples were initially collected at five sites (see Figure 2.1 and Appendix A.1 for site locations). These 
included: 

 sites 1 and 3 were located farthest from the Wylfa Newydd Development Area, approximately 5 km to the 
east and west, respectively; 

 site 4 was located approximately 4 km offshore to the north of Wylfa Head; and  

 sites 2 and 5 which were located inshore, up to approximately 1 km and 2 km north of the Wylfa Newydd 
Development Area, respectively.   

In May 2011, site 6, which was located immediately to the west of the Power Station Site (in the area of the 
cooling water intake of the Existing Power Station), was added to the programme. Due to the large tidal 
excursion, samples were collected during a range of different tidal states including flood and ebb tides and at 
slack water.  

Analysis of data from the first year of sampling (May 2010 to April 2011) showed very low numbers of 
ichthyoplankton in the tow samples during the winter, and therefore sampling was reduced to a single random 
tide at sites 1 to 5 in November 2011 and January 2012 whilst no sampling was carried out in December 2011. 
To ensure sufficient data were obtained, sampling on both flood and ebb tides continued at site 6 in November 
2011 and January 2012.  At sites 1 to 5, sampling on both states of tide resumed in February 2012 until April 
2012. 

The addition of data from the second year of sampling (May 2011 – April 2012) showed no statistically 
significant differences between ichthyoplankton communities at different sites or different tidal states (see 
Jacobs, 2011a). Based on this evidence and the scale of the tidal excursion along the north Anglesey coast, it 
was decided that from April 2012 sampling would cease at sites 1 to 3: the furthest sites east and west of Wylfa 
Head, respectively. Between May 2012 and October 2013, sampling continued on a single random tide at sites 
2, 4 and 5 along a north/south axis from the Wylfa Newydd Development Area, whilst sampling at site 6 
continued on both flood and ebb tides.  

The composition of ichthyoplankton communities at site 4 and site 5 demonstrated a very high degree of 
similarity; therefore, from the February 2014, it was considered reasonable, after nearly three years of data 
collection, to cease sampling at site 5. An additional site (site 7) was added to the 2014 programme to provide 
data on the ichthyoplankton community approximately 0.5 km to the west of Porth-y-pistyll. From the February 
2014 sampling period, all sites (2, 4, 6 and 7) were sampled on a single random tide. 

No sampling was carried out between November and January inclusive in 2012/2013 and 2013/2014 owing to 
the very low numbers of ichthyoplankton previously observed during winter months. The full survey programme, 
including sampling dates, can be found in Appendix A. 
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Figure 2.1: Ichthyoplankton survey sites. 



[This page is intentionally blank]



Fish Survey Report  

 

 
60PO8007/AQE/REP/003 11 

Ichthyoplankton surveys were carried out on the vessel ‘SeeKat C’ operating from Amlwch Port. Ichthyoplankton 

samples were collected using a high-speed plankton sampler, the Gulf™ sampler. This sampler has been used 
extensively by Cefas and is regarded as one of the most effective methods of collecting ichthyoplankton 
(S. Milligan, Cefas, pers. comm.).  

The Gulf™ plankton sampler consisted of a two metre long, 275 μm mesh net housed in a steel frame (Figure 
2.2). Fins at the back of the frame and a depressor weight at the front aid stability during towing. A nose cone 
fitted to the front of the frame contains a calibrated flowmeter General Oceanics (G.O. Environmental, Model 
2030) enabling the volume of water filtered through the net to be calculated. 

A pressure sensor (YSI, 600 XLM) was mounted on the sampler frame to measure towing depth, temperature 
and salinity. Before deployment, the flowmeter reading was recorded. The sampler was then deployed on a 
winch over the stern of the vessel and lowered into the water. 

The sampler was towed in an undulating pattern by adjusting the length of winch cable. The depth sensor 
measured the sampler’s profile and a Global Positioning System (GPS) (Garmin GPS76) was used to record the 

start and end points of each tow, including the route taken. The sampler was towed for approximately 
10 minutes at around 3.5 knots through the water. 

On retrieval of the sampler, the end flowmeter reading was recorded on the trawl log sheets and the cod-end 
removed. The catch was transferred to a sealable container and labelled with date, time, site name, tidal state 
and replicate number. Samples were fixed in 4% formalin upon reaching the shore.  

Three replicate tows were collected at each site and on both the ebb and flood tide where the sampling 
programme dictated both tides should be sampled. It was considered that each replicate tow sampled a 
different body of water, owing to the strong currents in the area.  

 

Figure 2.2 : Deploying the Gulf™ plankton sampler over the stern of the SeeKat C. 

2.1.1 Sample Processing 

In the laboratory, fish larvae were picked from the samples under a stereomicroscope (Leica, S6E) before being 
identified, counted and measured to the nearest 0.5 mm. Identification of fish larvae was intended to be taken to 
the lowest taxonomic level possible (i.e. species level). In some cases, loss of key identification features in 
fragile specimens and/or size prevented certainty in speciation and therefore identification of some specimens 
was taken to family level only. In addition, a combination of poor specimen condition and the general difficulty in 
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identifying juvenile fish prevented identification to family level. In these instances, individuals were classified as 
bony fish (osteichthyes indeterminate). Fish eggs were also picked from each plankton sample and counted. 

2.1.2 Data Analysis 

Numbers of fish and eggs recorded within each tow were divided by the volume of water sampled (number per 
m3) and extrapolated to numbers per 106 m3 of water abstracted. This standardisation allows direct comparison 
of data between sites, replicates, sampling months and sampling years. To compare to published literature, 
which typically reported per m2, abundance estimates per m3 have been divided by the mean sample depth. 

The statistical analysis of ichthyoplankton data was carried out using PRIMER 6™ (Clarke and Gorley, 2006). In 
contrast to univariate analyses, which concentrate complex ecological data into a single metric, multivariate 
analysis compares differences between all taxa and their relative abundances between samples and sites. The 
analysis therefore allows identification of samples/sites with similar/dissimilar communities. Further explanation 
of the statistical terms and methods used is provided in Appendix B. 

Over the sampling programme, poor weather resulted in sampling being postponed until the following month on 
five sampling occasions (see Figure A.1, Appendix A).  In all cases, the delay was no more than four days into 
the following month. For the purpose of data analysis, all surveys have been reported based on the month in 
which they were intended to have been sampled. For statistical analysis of temporal and seasonal differences, 
where sampling had been postponed into the subsequent month and this month represented a different season 
for example, from February (winter) to March (spring), the data generated was considered representative of the 
season in which they were collected, in this example spring. The February 2014 sampling period was the only 
recorded instance where the survey was delayed and the subsequent sampling month represented a different 
season. 

2.2 Results 

2.2.1 Overall 

Between May 2010 and September 2014, a total of 10,160 fish were recorded from filtering 35,685 m3 of 
seawater through Gulf sampling nets, representing 52 distinct taxa (Table 2.1). The taxa list was covered by 
24 taxonomic families, of which the most diverse representation was given by flatfish (Pleuronectidae, n = 6), 
the cod family (Gadidae, n = 5) and sandeel (Ammodytidae, n = 4). Samples were dominated by individuals 
from the family Ammodytidae, which accounted for the highest proportion (n = 4,124, 41%), followed by 
Pleuronectidae (n = 1,191, 12%), Clupeidae (n = 1,064, 11%) and Gobiidae (n = 633, 6%). 

Table 2.1 : Taxa recorded in ichthyoplankton tows from May 2010 to September 2014 and the total abundance over the whole 

survey period. Taxa that could not be identified to species level are shown in bold.  Those entries with * denote taxa that were 

not included in calculation of total taxa richness.  

Common name Scientific name Numbers 

Sandeel family Ammodytidae*  3,672  

Sprat Sprattus sprattus  812  

Dab Limanda limanda  722  

Goby family Gobiidae   613  

Dragonet family Callionymidae*  454  

Long-spined sea scorpion Taurulus bubalis   339  

Right-eyed flatfish family Pleuronectidae*  298  

Lesser sandeel Ammodytes tobianus  283  

Tompot blenny Parablennius gattorugine  279  
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Common name Scientific name Numbers 

Herring family Clupeidae*  218  

Corkwing wrasse Symphodus melops  175  

Solenette Buglossidium luteum  155  

Raitt’s sandeel Ammodytes marinus  137  

Flounder Platichthys flesus  130  

Sole family Soleidae*  122  

Butterfish Pholis gunnellus  119  

Montagu’s seasnail Liparis montagui  92  

Common dragonet Callionymus lyra  85  

Whiting Merlangius merlangus  84  

Pogge Agonus cataphractus  79  

Cod family Gadidae*  64  

Two-spotted clingfish Diplecogaster bimaculata  61  

Common seasnail Liparis liparis  58  

Shanny Lipophrys pholis  51  

Dover sole Solea solea  39  

Scorpionfish family Cottidae*  38  

Plaice Pleuronectes platessa  37  

Nilsson’s pipefish Syngnathus rostellatus  34  

Herring Clupea harengus  30  

Seasnail family Liparidae*  30  

Greater sandeel Hyperoplus lanceolatus  28  

Yarrell’s blenny Chirolophis ascanii  26  

Wrasse family Labridae*  24  

Short-spined sea scorpion Myoxocephalus scorpius  19  

Transparent goby Aphia minuta  16  

Ling/Rockling family Lotidae family  16  

Scaldfish Arnoglossus laterna  14  

Reticulated dragonet Callionymus reticulatus  14  

Lesser weever Echiichthys vipera  10  

Blenny family Blenniidae*  9  

Gurnard family Triglidae*  7  

Snake pipefish Entelurus aequoreus  6  

Goldsinny wrasse Ctenolabrus rupestris  5  

Smooth sandeel Gymnammodytes semisquamatus  4  

Ballan wrasse Labrus bergylta  4  
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Common name Scientific name Numbers 

Pilchard Sardina pilchardus  4  

Crystal goby Crystallogobius linearis  3  

Mackerel Scomber scombrus  3  

Lemon sole Microstomus kitt  2  

Norwegian topknot Phrynorhombus norvegicus  2  

Pollack Pollachius pollachius  2  

Bib Trisopterus luscus  2  

Left-eyed flounder family Bothidae*  1  

Bass Dicentrarchus labrax  1  

Cod Gadus morhua  1  

Clingfish family Gobiesocidae*  1  

Long rough dab Hippoglossoides platessoides  1  

Atlantic halibut Hippoglossus hippoglossus  1  

Goby species Lebetus sp.  1  

Norway bullhead Micrenophrys lilljeborgii   1  

Thickback sole Microchirus variegatus  1  

Brill Scophthalmus rhombus  1  

Greater pipefish Syngnathus acus  1  

Poor cod Trisopterus minutus  1  

Topknot Zeugopterus punctatus  1  

A number of specimens were only identified to family level, for example, whilst the presence of four species of 
sandeel was recorded, many specimens could only be recorded as Ammodytidae (see above). In addition, over 
the entire sampling programme, 617 individuals were categorised as bony fish (Osteichthyes indet.). It is 
possible that specimens identified to family level and Osteichthyes indet. represented entries already recorded; 
therefore, these groups were not included in the distinct-taxa-richness calculation where they could already 
represent another entry. The only exceptions were the inclusion of Lotidae (rockling and lings) and Triglidae 
(gurnards), as speciation of individuals belonging to either family is not possible owing to the absence of 
sufficient published literature.  

The family Gobiidae was included because, although species such as transparent gobies (Aphia minuta), 
diminutive/Guillet’s goby (Lebetus sp.) and crystal goby (Crystallogobius linearis) are easily identified, even at a 
small size, species belonging to the genera Gobius spp. and Pomatoschistus spp. are difficult to separate. 
Those individuals recorded as Gobiidae are believed to represent species belonging to these two genera alone. 
It is considered that the true taxa richness could be noticeably higher than 52, as these three families contain 
several species commonly found off the west coast of the UK; therefore, taxa richness estimates can be 
considered minimum values.   

Taxa richness peaked during the spring months of April and May in all sampling years, with the total number of 
discrete taxa ranging from 12 (May 2012) to 24 (April 2012). The lowest taxa richness was recorded during the 
autumn and winter months (September to February), with a seasonal maximum of seven discrete taxa recorded 
in September 2013. Ichthyoplankton were absent on a number of sampling occasions; however, there were only 
two instances where ichthyoplankton were absent for the entire sampling month (November 2010 and 2011).  
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The total number of discrete taxa observed at each site over the whole survey programme ranged from 20 at 
site 7 to 41 at site 4. The highest number of discrete taxa recorded in a single sampling occasion was observed 
in April 2011 at site 5 (n = 13). 

2.2.2 Spatial Variation 

Of the 52 distinct taxa recorded over the survey programme, 14 taxa were found at all seven sites. The four 
most abundant taxa groups (Ammodytidae, Pleuronectidae, Clupeidae and Gobiidae) were recorded at all sites, 
and only where taxa were low in overall abundance were there notable differences in presence or absence at 
individual sites. Of the 52 taxa recorded, 25 were all recorded at sites 1 to 6. These values do not take into 
account differences in the frequency of sampling at each site, which varied considerably (see Section 2.1). Poor 
cod (Trisopterus minutus) was new to the taxa list in 2014, with an individual recorded at site 4 in June. 

The highest ichthyoplankton abundance (averaged for all replicate samples per month and adjusted to numbers 
per 106 m3) over the 47 months of sampling was observed at site 1 in February 2012 (approximately 2.6 x 106 
individuals per 106 m3) (Figure 2.3). Peaks in ichthyoplankton abundance were also observed at sites 4 and 5 
during March and April 2011 (1.8 and 2.3 x 106 individuals per 106 m3respectively) (Figure 2.4). Lower 
abundances were observed at sites 2 and 3, where numbers did not exceed 950,000 individuals per 106 m³ at 
any point during the sampling programme. The highest peak in abundance at site 6 was in the February 2014 
sampling occasion, with 974,000 individuals per 106 m³ recorded (Figure 2.4). A maximum of 1.4 x 106 m3 
individuals were recorded at site 7 in March 2014 (Figure 2.5).   

Over the whole sampling period, the abundance of ichthyoplankton followed a similar seasonal pattern, with the 
highest abundances occurring from February to May and the lowest from October to January. The timing of 
peak abundance has differed between years and sites. In 2011 and 2013, peak abundance was recorded in 
March at the majority of sites. In 2012, peak abundance occurred in February at sites 1 and 6 but in April at 
sites 2, 3 and 5 (peak abundance at site 4 was recorded in March). In 2014, peak abundance was recorded in 
March at site 7.  

A two-way crossed ANOSIM test found considerable similarity between the communities at the sites 
(Global R = 0.015, p<0.05) despite lower abundances of common taxa such as Ammodytidae, Gobiidae and 
Clupeidae at sites 6 and 7.  

A two-way crossed ANOSIM test between tides across all sites found that there was no significant difference 
between samples taken at ebb, flood or slack tide (Global R = 0.002, p > 0.05) (see Table C1, Appendix C). 
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Figure 2.3 : Ichthyoplankton abundances (adjusted for average abundance per 106 m3 of water filtered) from the north coast of Anglesey at sites 1-3 between May 2010 and September 2014. The nine 

most abundant families are shown. ‘Other’ group comprises the following families: Gobiesocidae, Syngnathidae, Gadidae, Liparidae, Pholidae, Bothidae, Triglidae, Scophthalmidae, Scombridae, 

Moronidae, Trachinidae and also includes ‘Osteichthyes indet.’



Fish Survey Report  

 

 
60PO8007/AQE/REP/003  17 

Site 4

Av
er

ag
e 

ab
un

da
nc

e 
(p

er
 1

06 m
3 )

0

5.0x105

106

1.5x106

2.0x106

2.5x106

3.0x106

0

5.0x105

106

1.5x106

2.0x106

2.5x106

3.0x106

Ammodytidae 
Blennidae 
Gobiidae 
Callionymidae 
Clupeidae 
Cottidae 
Labridae 
Pleuronectidae 
Soleidae 
Other

Site 6

M
ay

-1
0

Ju
ne

-1
0

Ju
l-1

0
Au

g-
10

Se
p-

10
O

ct
-1

0
N

ov
-1

0
D

ec
-1

0
Ja

n-
11

Fe
b-

11
M

ar
-1

1
Ap

r-
11

M
ay

-1
1

Ju
n-

11
Ju

l-1
1

Au
g-

11
Se

p-
11

O
ct

-1
1

N
ov

-1
1

Ja
n-

12
Fe

b-
12

M
ar

-1
2

Ap
r-

12
M

ay
-1

2
Ju

n-
12

Ju
l-1

2
Au

g-
12

Se
p-

12
O

ct
-1

2
Fe

b-
13

M
ar

-1
3

Ap
r-

13
M

ay
-1

3
Ju

n-
13

Ju
l-1

3
Au

g-
13

Se
p-

13
O

ct
-1

3
Fe

b-
14

M
ar

-1
4

Ap
r-

14
M

ay
-1

4
Ju

n-
14

Ju
l-1

4
Au

g-
14

Se
p-

14
0

5.0x105

106

1.5x106

2.0x106

2.5x106

3.0x106

Site 5Not sampled after 
October 2013

Sampling started
May 2011

 

Figure 2.4 : Ichthyoplankton abundances (adjusted for average abundance per 106 m3 of water filtered) from the north coast of Anglesey at sites 4-6 between May 2010 and September 2014. The nine 

most abundant families are shown. ‘Other’ group comprises the following families: Gobiesocidae, Syngnathidae, Gadidae, Liparidae, Pholidae, Bothidae, Triglidae, Scophthalmidae, Scombridae, 

Moronidae, Trachinidae and also includes ‘Osteichthyes indet.’
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Figure 2.5 : Ichthyoplankton abundances (adjusted for average abundance per 106 m3 of water filtered) from the north coast of Anglesey at site 7 between February 2014 and September 2014. The 

nine most abundant families are shown. ‘Other’ group comprises the following families: Gobiesocidae, Syngnathidae, Gadidae, Liparidae, Pholidae, Bothidae, Triglidae, Scophthalmidae, 

Scombridae, Moronidae, Trachinidae and also includes ‘Osteichthyes indet.’ 
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2.2.3 Temporal Variation 

Over the entire survey programme, sandeel (Ammodytidae) was the only taxa recorded in every season. 
Although Clupeidae represented the third most abundant taxon, they were not recorded during the autumn 
months, with the exception of three individuals recorded in September 2011. Pleuronectidae represented the 
second most abundant taxon; however, abundances represented a strong seasonal cycle and, with the 
exception of 16 individuals recorded in May 2013, the presence of this taxon was limited to the spring months 
only.  

A two-way crossed ANOSIM carried out on the families indicated considerable similarity in the ichthyoplankton 
communities sampled between years (Global R = 0.137, P<0.05). In contrast, the ANOSIM testing between 
seasons resulted in an intermediate Global R value (R = 0.491, P<0.05), which indicated notable differences in 
the ichthyoplankton community over the seasons (Table C3, Appendix C). The greatest difference was 
observed between spring and autumn (R = 0.572, P<0.05), whilst summer and autumn seasons were found to 
be the most similar in community composition (R = 0.292, P<0.05).  

The results of the above ANOSIM test were illustrated through a multi-dimensional scaling (MDS) plot, which 
showed grouping of samples into their seasonal components and a transition between seasons throughout the 
year (Figure 2.6). Spring and summer samples were relatively tightly clustered, indicating that samples from 
different years demonstrated similar taxa assemblages. Autumn samples, however, demonstrated a more 
dispersive pattern, with taxa assemblages showing similarities to summer samples in some years (2013 and 
2014) and winter samples in other years (2010, 2011 and 2012). Winter samples were also relatively dispersed. 

 

Figure 2.6 : A two-dimensional MDS plot of ichthyoplankton data (square root transformed) sampled from north Anglesey 

between February and September in 2010, 2011, 2012, 2013 and 2014, with season as a factor. Samples collected between 

October and January inclusive were omitted from the plot owing to the low abundances observed during these sampling 

months. Note that the winter 2014 data point is missing, as this survey was delayed until March and has therefore been 

classified as a spring data point. 

SIMPER analysis indicated that differences between seasons and years appeared to be the result of changes in 
the abundances of common taxa, as opposed to a significant change in assemblage composition (Table E4 and 
Table C5, Appendix C). The difference in abundances of Ammodytidae, contributed to the highest proportion of 
dissimilarity between all year combinations and nearly all season combinations. The only exception was found 
when comparing summer to autumn, in which case Gobiidae were found to contribute the most to dissimilarity. 
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The other main families contributing to dissimilarity were Pleuronectidae, Blenniidae and Cottidae. These 
families were dominated by dab, tompot blenny (Parablennius gattorugine) and long-spined sea scorpion 
(Taurulus bubalis), respectively.   

SIMPER analysis of autumn samples (September) indicated that ichthyoplankton communities recorded in 2013 
and 2014 were characterised by an unusually low abundance of Ammodytidae and a high abundance of 
Blenniidae, Syngnathidae and Gobiidae (Table C5, Appendix C). A comparison between winter samples 
indicated that variation between sampling years was primarily driven by the abundance of Ammodytidae. 
Bubble plots superimposed onto the MDS plot (Figure 2.7) demonstrated the fluctuations in abundance of 
sandeel (Ammodytidae), right-eyed flatfish (Pleuronectidae), blennies (Blenniidae) and pipefish (Syngnathidae) 
across seasons and the dissimilarities between years.  

Total ichthyoplankton abundance recorded between 2010 and 2014 peaked during late winter and early spring 
(February – April) (see Section 2.2.2). Peak abundances during February and March were dominated by 
sandeel larvae, which represented between 44% – 97% of the total abundance in each sampling year. From 
late spring (May), sandeel abundance generally decreased and the fish community showed a higher diversity as 
other families such as Clupeidae and Pleuronectidae contributed more to total abundance, respectively. Fish 
diversity remained low throughout the autumn and winter months, but sandeel again dominated samples 
representing between 31% – 96% of total abundance.   
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Figure 2.7 : MDS of the aggregated abundance of Ammodytidae, Pleuronectidae, Blenniidae and Syngnathidae using seasons as a factor and labelled by year.  Note that the abundance shown (per 

106 m3) is square root transformed. 
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2.2.4 Species of Conservation and Commercial Importance 

Several species of conservation importance have been recorded during the ichthyoplankton survey programme. 
These include the following species which are listed under Section 7 of the Environment (Wales) Act 2016:   

 Raitt’s sandeel (Ammodytes marinus); 

 plaice (Pleuronectes platessa); 

 herring (Clupea harengus); 

 mackerel (Scomber scombrus); 

 cod (Gadus morhua);  

 Dover sole (Solea solea); and 

 whiting (Merlangius merlangus). 

Of these seven species, five occurred in significant numbers over the survey programme and their abundances 
are presented in Figure 2.8. Raitt’s sandeel are shown in the context of the sandeel family due to difficulties in 
identification of larval sandeel (either owing to loss of key identification features in fragile specimens or where 
the small size precludes certainty in speciation); a number of sandeel identified to family level could potentially 
be Raitt’s sandeel. Sandeel represented the most abundant taxa of interest (and overall) in all sampling years 
with total extrapolated catches ranging from 45,001 per 106 m3 of water sampled in 2010 to 1,593,874 per 
106 m3 in 2014. Sandeel was the only species to be recorded in every season.  

Whiting represented the second most abundant taxa of interest with annual extrapolated catches ranging from 
1,576 per 106 m3 in 2010 to 59,829 per 106 m3 in 2011. The majority of whiting were recorded during the spring 
(April – May). However, whiting ranked 19th in terms of its contribution to the total abundance of ichthyoplankton 
recorded between 2010 and 2014 (see Table 2.1).    

Annual extrapolated numbers of herring varied during the sampling programme with catches ranging from 
1,906 per 106 m3 in 2012 to 16,050 per 106 m3; herring ranked 29th in terms of its contribution to overall 
abundance, although individuals recorded as Clupeidae only (ranked 10th) could have also been this species. 
The majority of herring were recorded in winter or early spring (December to April) during 2010 to 2013 (Figure 
2.8). No herring were recorded in 2014.  

Plaice were recorded between March and May in all sampling years and were most frequently recorded in April. 
The maximum extrapolated abundance recorded during a single sampling month was observed in April 2011 
(29,301 per 106 m3 of water sampled). The presence of Dover sole was limited to May, with May 2012 
representing the highest monthly extrapolated catch of Dover sole (23,563 per 106 m3 of water sampled). Dover 
sole were absent from the sampling programme in 2010. Plaice and sole ranked 27th and 25th, respectively, in 
terms of its contribution to overall ichthyoplankton abundances recorded, although a number of individuals were 
recorded to family level only, and therefore the contribution of these taxa to overall abundance could well be 
greater.  

Of the remaining taxa of interest, there was only a single record of cod (June 2012) and three records of 
mackerel (April and June 2012) during the entire survey programme.   

Several other taxa found in the survey are uncommon or rarely recorded in Welsh waters, including long rough 
dab, Norwegian topknot (Phrynorhombus norvegicus), Norway bullhead (Micrenophrys lilljeborgii) and 
diminutive/Guillet’s goby. The Atlantic halibut (Hippoglossus hippoglossus) is also considered rare in Welsh 
waters due to over exploitation and is listed as ‘endangered’ in the IUCN (International Union for the 

Conservation of Nature) Red Data List. These taxa were not recorded on more than one sampling occasion 
during the entire sampling programme. 
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Figure 2.8 : Average abundance per month for all sites for taxa of conservation importance: A) Raitt’s sandeel shown in black 

as a component of all Ammodytidae; B) herring; C) whiting; D) plaice; and E) Dover sole. Note the difference in scale on the y-

axis.  
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2.2.5 Egg abundance 

The average egg abundance between May 2010 and September 2014 showed a similar pattern of abundance 
at all sites, with a peak in spring months followed by a decrease in abundance into summer and then very low 
numbers in autumn and winter (Figure 2.9). Peak abundance occurred during May in 2011 and March in 2012 
and 2013. In 2014, peak egg abundance was observed in April. In 2011 and 2013, a secondary smaller peak 
was observed, occurring in September and July respectively. Average egg abundance at site 2 was slightly 
higher than at other sites whilst egg abundance at site 4 was slightly lower than the other sites. Sites 6 and 7, 
which were in close proximity to one another, demonstrated very similar egg abundances. Despite small 
differences between sites, the main influence on egg abundance was clearly seasonal and the observed pattern 
corresponded with recorded abundances of fish larvae (Figure 2.3 to Figure 2.5). 

Figure 2.9 : Average egg abundance (per 106 m3 of seawater sampled) at each site between May 2010 and September 2014. 

2.3 Comparison to Published Literature  

In 2012, Cefas published updated maps outlining species-specific spawning distributions in waters surrounding 
the British Isles (Ellis et al., 2012). These maps have been created using data collected during numerous 
national and internationally co-ordinated ichthyoplankton surveys and provide valuable information on 
ichthyoplankton abundance and distribution in the Irish Sea.   

Those surveys relevant to the study area include the Irish Sea plankton surveys, which were carried out 
annually between 1982 and 1989 (Nichols et al., 1993), as well as in 1995 and 2000 (Fox et al., 1997 and Bunn 
and Fox, 2004, respectively). Dedicated plankton surveys in the eastern Irish Sea were also carried out in 2000, 
2001 and 2003 (Bunn et al., 2004).  

Figure 2.10 to Figure 2.14 demonstrate that the north coast of Anglesey, and westwards towards the Disposal 
Site, is characterised by low intensity spawning for species such as plaice, whiting, Dover sole and sandeel as 
well as other taxa not graphically presented including cod and mackerel (Ellis et al., 2012). High intensity 
spawning grounds for Dover sole, cod and sandeel are however located to the east of the Isle of Anglesey, in 
Liverpool Bay, and north towards the Isle of Man (Ellis et al., 2012). High intensity spawning grounds for plaice 
occur in the east and north-east Irish Sea, including the area around the north coast of Anglesey (Figure 2.10). 
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Figure 2.10 : Spawning grounds of plaice in the Irish Sea (Coull et al., 1998; Ellis et al., 2012).  



 

 

 

Figure 2.11 : Spawning grounds of herring in the Irish Sea (Coull et al., 1998; Ellis et al., 2012). 
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Figure 2.12 : Spawning grounds of whiting in the Irish Sea (Coull et al., 1998; Ellis et al., 2012). 
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Figure 2.13 : Spawning grounds of sole in the Irish Sea (Coull et al., 1998; Ellis et al., 2012). 
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Figure 2.14 : Spawning grounds of sandeel in the Irish Sea (Coull et al., 1998; Ellis et al., 2012). 
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Ellis et al. (2012) reports densities of fish larvae (numbers per m2) from sampling stations throughout the Irish 
Sea. Average larval densities of plaice, sandeel, herring, Dover sole and whiting reported by Ellis et al. (2012)  
from the sampling station closest to the Wylfa Newydd Development Area and the Disposal Site are presented 
in Table 2.2. Data reported for the north-east coast of Anglesey have been derived from a sampling station 
located approximately 5 km to the east of the Wylfa Newydd Development Area. Data reported for the 
north-west coast of Anglesey have been derived from a number of sampling stations located to the west of 
Wylfa Newydd Development Area but east of the Disposal Site.  

For comparison, the range of larval densities recorded during ichthyoplankton surveys during the corresponding 
survey period (February - June) are also presented. These values have been derived by multiplying numbers 
per m3 by the average depth sampled to yield numbers per m2.   

Table 2.2: The mean (± standard deviation) larval densities (no. per m2) reported by Ellis et al. (2012) off the north-east, 

north-west coast of Anglesey (within the vicinity of the Disposal Site). Larval densities recorded during ichthyoplankton 

surveys carried out by Jacobs between 2010 and 2014 during the corresponding survey period (February - June) are also 

presented (see Section 2.2).   Numbers in brackets represent the range of densities recorded in a single tow (minimum to 

maximum). 

Species North-east coast of 

Anglesey 

(Ellis et al., 2012) 

North coast of Anglesey 

(Jacobs surveys) 

North-west coast of 

Anglesey (vicinity of the 

Holyhead Deep Disposal 

Site) 

(Ellis et al., 2012) 

Plaice 2.12 ± 10.95 

(0 – 71.21) 

<0.01 ± <0.01 

(0 – 0.08) 

0.04 ± 0.23 

(0 – 1.21) 

Sandeel 3.45 ± 13.00 

(0 – 83.72) 

0.94 ± 1.80 

(0 – 15.15) 

0.16 ± 0.34 

(0 – 1.21) 

Herring 0.87 ± 3.68 

(0 – 22.24) 

<0.01 ± 0.02 

(0 – 0.28) 

0.02 ± 0.07 

(0 – 0.36) 

Dover sole 0.43 ± 1.31 

(0 - 6.21) 

0.01 ± 0.04 

(0 – 0.49) 

0.09 ± 0.40 

(0 – 2.12) 

Whiting 2.11 ± 8.98 

(0 – 57.86) 

0.01 ± 0.03 

(0 – 0.31) 

0.08 ± 0.25 

(0 – 1.05) 

 

Despite high densities of ichthyoplankton larvae recorded to the north-east of the study area (Ellis et al., 2012), 
larval densities within the vicinity of the Wylfa Newydd Development Area have been found to be very low 
(Section 2.2).  

According to Ellis et al. (2012), the Wylfa Newydd Development Area is encompassed within an area of high 
intensity spawning for plaice (Figure 2.10); however, ichthyoplankton surveys found mean larval densities within 
this area (<0.01 larvae per m2) were four orders of magnitude lower than the mean density recorded 
immediately to the north-east in 2002 (2.12 larvae per m2). This suggests a possible shift in the distribution of 
plaice spawning grounds, with high intensity spawning no longer extending westwards to encompass the Wylfa 
Newydd Development Area. The data reported by Ellis et al. (2012) are in some cases up to 19 years older than 
the data collected during ichthyoplankton surveys carried out within the Wylfa Newydd Development Area 
between 2010 and 2014. Consequently, the results presented within this report, which were obtained at a higher 
temporal and spatial resolution than that reported by Ellis et al. (2012), are considered to provide a more 
accurate indication of spawning intensity within Wylfa Newydd Development Area.  

Mean densities of herring and whiting within the Wylfa Newydd Development Area were found to be up to two 
orders of magnitude lower than that reported by Ellis et al. (2012) immediately to the north-east. Similarly, 
densities of Dover sole larvae were also found to be an order of magnitude lower. This provides further support 
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to the conclusion that the north Anglesey coastline is not an area of high intensity spawning for whiting and 
Dover sole (Figure 2.12 and Figure 2.13). Ellis et al. (2012) did not classify densities of herring larvae within the 
Irish Sea, although it is evident from Figure 2.11 that the highest levels of spawning occur in the eastern Irish 
Sea.  

Although the maximum density of sandeel larvae within the Wylfa Newydd Development Area was found to be 
the same order of magnitude as that reported by Ellis et al. (2012) for the area immediately adjacent to the 
north-east, the mean density of sandeel larvae was an order of magnitude lower.  This demonstrates that the 
low intensity spawning area for sandeel along the north coast of Anglesey, as classified by Ellis et al. (2012) 
(Figure 2.14), has remained consistent.  

To the north-west of Anglesey and within the vicinity of the Disposal Site, mean densities of sandeel larvae are 
much lower than those reported to the north-east and within the Wylfa Newydd Development Area, although of 
the same order of magnitude. On the other hand, densities of plaice, herring, whiting and Dover sole larvae are 
slightly higher than that observed within the Wylfa Newydd Development Area, although remain much lower 
than those reported along the north-east coast of Anglesey (Ellis et al., 2012).   

The area to the north-west of Anglesey, including the Disposal Site, is not classified as a high intensity 
spawning area for any of the species examined by Ellis et al. (2012), including those presented in Figure 2.10 to 
Figure 2.14.  

Although sprat, dab, gobies and dragonets (Callionymidae) are known to be dominant components of the 
ichthyoplankton assemblage within the eastern Irish Sea, Ellis et al. (2012) did not assess the distribution of 
spawning for these species. Nonetheless, drawing on other published literature, comparisons can be made 
between the data presented in Section 2.2, and inferences made with regards to possible densities within the 
vicinity of the Disposal Site.  

In the eastern Irish Sea, egg abundances have been found to be dominated by sprat, with the highest 
abundances occurring in shallower, generally coastal waters (Fox et al., 1997). The dominance of this species 
from ichthyoplankton surveys within the vicinity of the Wylfa Newydd Development Area (max abundance of 
3.72 larvae per m2 recorded at site 3 in May 2012) is therefore unsurprising, although larvae are known to 
disperse quickly becoming widespread throughout the Irish Sea.  The mean abundance of sprat larvae recorded 
within the vicinity of the Wylfa Newydd Development Area during the entire sampling programme was 0.07 ± 
0.29 larvae per m2. During the late spring, densities of sprat larvae within the vicinity of the disposal are likely to 
range from 0.10 to 54.90 larvae per 102 (Bunn and Fox, 2004).  

During the spring plankton surveys carried out in the Irish Sea in 2000 (Bunn and Fox, 2004), larval 
communities were found to be dominated by dab with peak densities occurring off Ireland and in Liverpool Bay. 
In 1997, peak densities of 2,070.2 larvae per m2 were recorded in Cardigan Bay in April (Fox et al., 1997). 
Whilst evidently abundant around the north coast of Anglesey, coastal densities are typically much lower; the 
maximum density recorded during Jacobs’ ichthyoplankton surveys was 0.98 larvae per m2, observed at site 2 
in April 2012.  Comparatively low densities of dab larvae have been recorded to the north-west of the Wylfa 
Newydd Development Area and within the vicinity of the Disposal Site (Bunn and Fox, 2004). This pattern 
demonstrates the planktonic movement and dispersal of dab larvae from the west and south-west to north 
Anglesey during the spring months. 

Callionymidae (dragonets) larvae was the second most common species recorded during spring plankton 
surveys carried out in the Irish Sea in 2000 with abundances reaching 301 larvae per m2 (Bunn and Fox, 2004). 
The highest densities recorded within the Wylfa Newydd Development Area were 1.1 larvae per m2. During the 
late spring, densities of dragonet larvae within the vicinity of the Disposal Site are likely to range from 0.10 to 
55.00 larvae per 102 (Bunn and Fox, 2004). 

Gobiidae represents a large group of fish common in inshore waters. Offshore densities are therefore typically 
low; densities within the vicinity the Disposal Site have not been found to exceed 0.1 larvae per m2 (Bunn and 
Fox, 2004).   
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2.4 Discussion of Ichthyoplankton Communities 

Ichthyoplankton surveys provide an opportunity to sample those species whose adult ecology, behaviour and 
habitat preferences mean that they are unlikely to be captured using conventional sampling techniques. For 
example, topknot (Zeugopterus punctatus), Norwegian topknot, tompot blenny, Montagu’s seasnail (Liparis 

montagui) and shanny (Lipophrys pholis) were all recorded during ichthyoplankton surveys, yet adult life stages 
of these species are normally associated with rocky areas which are not suitable for trawling or seine netting. In 
addition, species such as the topknot and Norwegian topknot are well camouflaged and able to cling to rocks, 
enabling them to remain undetected among hard substrata. It is thought that both these species are possibly 
more widely distributed around the rocky coastline of north Anglesey than other survey data indicate but are 
generally under-recorded (MarLIN, 2014). Other species recorded in the ichthyoplankton surveys, including the 
Yarrell’s blenny (Chirolophis ascanii), are also indicative of the rocky habitats encountered along the north 
Anglesey coast but were recorded infrequently during other surveys (see Section 3 and 4). 

Entrainment surveys carried out on-site at the Existing Power Station between March 2011 and July 2012 also 
provide a useful means of sampling ichthyoplankton within inshore areas (Jacobs, 2016a, Application 
Reference Number: 6.4.92). Although it is acknowledged that this sampling methodology may provide a biased 
picture of ichthyoplankton communities, targeting those species utilising habitats within the immediate vicinity of 
the Existing Power Station and that are susceptible to entrainment, they provide valuable data, which can be 
used to supplement data collected within the wider study area. A number of species were recorded in the 
entrainment surveys but were absent from ichthyoplankton surveys. These included fifteen-spined stickleback 
(Spinachia spinachia), worm pipefish (Nerophis lumbriciformis), garfish (Belone belone), butterfly blenny 
(Blennius ocellaris), grey gurnard (Eutrigla gurnardus), Eckstrom’s topknot (Zeugopterus regius) and a number 
of goby species. These species are all considered common to the ecoregion, with a number recorded during 
surveys targeting juvenile and adult life stages (see Section 3 and 4).  A table showing the presence/absence of 
all fish species recorded during the fish survey programme, including those recorded in the ichthyoplankton and 
entrainment surveys, is presented in Appendix D.  

The survey area covers an exposed part of the Anglesey coastline typified by transient coastal features such as 
fronts and upwelling as well as strong tidal currents. Meroplanktonic (spending part of their lifecycle in the 
plankton) larvae spawned within shallow coastal waters can therefore be transported long distances and 
account for the presence of species such as the greater pipefish (Syngnathus acus) and topknot at site 4, the 
most offshore of all the sites sampled. Both of these species are more commonly found inshore, and topknot is 
considered a littoral benthic species.  

Single records of both Norway bullhead and cod occurred at sites 6 and 2, respectively. Neither species was 
recorded in entrainment surveys at the Existing Power Station (Jacobs, 2016a, Application Reference Number: 
6.4.92). Norway bullhead has not been recorded in Welsh waters previously (Kay and Dipper, 2009) but have 
been recorded off the coast of the Isle of Man (Wheeler, 1969). Adult cod are not uncommon to the survey area, 
but they are not known to spawn inshore along the Anglesey coast. The presence of very low numbers of cod 
larvae was possibly the result of spring storms and strong currents transporting individuals from spawning sites 
located in the eastern Irish Sea, south-west coast of the Isle of Man and off the Irish coast (Armstrong et al., 
2001). In any case, the north coast of Anglesey and the majority of the Irish Sea is characterised by low 
intensity spawning for cod (Ellis et al., 2012); therefore, it is unsurprising that low abundances were observed 
during ichthyoplankton surveys carried out within the vicinity of the Power Station Site. 

Most of the taxa recorded were typical of the north-west coast of Wales, the exception to this were the single 
records of a long rough dab, Atlantic halibut and the Norway bullhead. The Atlantic halibut is considered rare in 
Welsh waters due to over exploitation and is listed as ‘endangered’ in the IUCN Red Data List. This species was 

only recorded on one sampling occasion in April 2012. 

The absence or very low numbers of some common fish species, such as sand smelt (Atherina presbyter), as 
well as rays and sharks that were recorded using the other fish survey techniques (see Sections 3.1, 3.2 and 
4.1), is not surprising. Sand smelt prefer to spawn close inshore where seaweed or seagrass is present. Their 
sticky eggs adhere to plants until hatching, at which time the young sand smelt continue to reside in very 
shallow water. Sand smelt larvae were not recorded within entrainment samples, suggesting an absence of 
these habitats within the vicinity of the intake of the Existing Power Station. The majority of fish species caught 
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in ichthyoplankton (tow and entrainment) surveys were all broadcast spawners, some possibly releasing many 
thousands of eggs into the water column during each spawning event. By contrast, sharks and rays exhibit a 
different life strategy, some species being ovoviviparous (eggs are hatched within the body of the parent) and 
others depositing a small number of egg sacs. The intertidal survey recorded plaice as the fourth most abundant 
species over the entire survey duration (Section 3); however, larval plaice numbers were low in both the 
ichthyoplankton and entrainment surveys. As per the report by Cefas (Ellis et al., 2012), the present study area 
is located to the west of a large, productive spawning ground for plaice, and is considered to fall outside of the 
area believed to be characterised by high intensity spawning.  

Difficulty in identifying many of the small larvae may have resulted in several species being overlooked. Larval 
gobies, gadoids and clupeids are particularly difficult to speciate, which is reflected by the high numbers of 
individuals recorded to family level only. The family Gobiidae contained approximately 6% of all the fish found 
and 6% of those recorded as ‘Osteichthyes indet.’. Thus, although some widespread fish species such as sand 

and common gobies were not found in the ichthyoplankton surveys, it is thought likely that they were 
represented by their respective family.  

In 2014, an additional site located approximately 400 m to the west of Porth-y-pistyll was added to the survey 
programme (site 7). This site is in relatively close proximity to sites 2 and 6. Analysis of all data collected to date 
identified a statistically significant, albeit weak, difference between sites. Further investigation identified that 
communities found at site 6 were significantly different to all other sites except site 7. A one-way SIMPER 
analysis found this relationship was characterised by consistent but variable abundances of common species 
rather than differences in the abundance of less common species (see Table C.2, Appendix C). Abundance of 
corkwing wrasse at site 6 for example was found to be consistently higher than all other sites, whilst the 
abundance of long-spined sea scorpions and sprat were lower. Sites 6 and 7 were the most sheltered inshore 
sites and it could be expected that the localised hydrographic regime is quite different from that experienced at 
those sites further offshore. The presence of bass larvae at site 6 (the only site to record bass) is not surprising 
given the proximity of populations of bass along the north and west coasts of Wales and in the Irish Sea. 

The presence of one or two individuals from a single species is not necessarily as important as identifying the 
taxa which typify and dominate the survey region. The highly significant seasonal differences were clearly 
illustrated by distinct peaks in abundance in late winter/early spring and richness in late spring. During February, 
larval fish abundances were predominately made up from five taxa or less in any single replicate and heavily 
dominated by sandeel (Ammodytidae). Entrainment surveys reflected a similar seasonal pattern in species 
assemblages (Jacobs, 2016a, Application Reference Number: 6.4.92). The sandeel accounted for more than 
64% of the individuals recorded in ichthyoplankton surveys during this period; however, by April the larval 
community was greatly enriched by the influx of a variety of fish taxa, and whilst sandeel were still present, their 
numbers fell noticeably. At this time, the community was dominated by high numbers of clupeids, specifically 
sprat, and dab (Figure 2.3, Figure 2.4 and Figure 2.5). With the onset of summer, the community was initially 
dominated by dragonets and clingfish, and later in the season by gobies. By late summer, fish abundances had 
fallen by an order of magnitude, and the following four months (October - January) yielded very low numbers of 
fish, if any.  

Sandeel, sprat, dab, gobies and dragonets (Callionymidae) clearly have a dominant role in the community 
assemblages within the vicinity of the Wylfa Newydd Development Area. Of these taxa, Ellis et al. (2012) only 
examined the distribution of sandeel spawning in the Irish Sea (Figure 2.14). High intensity spawning grounds 
were identified in the eastern Irish Sea; however, lower densities were recorded inshore within the Wylfa 
Newydd Development Area, which is unsurprising, as this taxon (particularly Raitt’s sandeel) is known to spawn 
predominately offshore (Bunn and Fox, 2004). With the exception of perhaps gobies, inshore abundances of all 
of the remaining species listed above are much lower than that reported for the eastern Irish Sea and further 
offshore. The Disposal Site may be characterised by slightly higher abundances of certain species to that 
observed within the Wylfa Newydd Development Area, although these are likely to remain much lower than 
abundances recorded in the eastern Irish Sea. Furthermore, given the rapid dispersion of larvae, peak 
abundances at the Disposal Site are only likely to occur for a short period, coinciding with the timing of peak 
spawning. 

Larval densities presented in Section 2.2 of this report are more or less consistent with values reported by Ellis 
et al. (2012) for the corresponding area, despite there being up to 19 years between data collection. This 
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comparison gives confidence in the validity of data presented by Ellis et al. (2012) for the area surrounding the 
Disposal Site.  

Trends in the overall abundance and dominance of taxa were repeated each year and, though there were slight 
changes in presence and/or abundance of the key taxa, the general pattern remained the same (see Section 
2.2.3). This showed a variety of key taxa dominating the populations at various times throughout late winter, 
spring and summer before numbers fell dramatically in the autumn. As would be expected, this pattern 
corresponded well with trends in egg numbers, with peak abundances of eggs followed by peaks in larvae.  

Peak egg abundance typically occurs between March and May and is thought to be largely driven by the 
spawning of sandeel, sprat and dab. In 2011, a distinct secondary peak in egg abundance was observed at all 
sites in September. A secondary peak was also observed in July 2013 but to a lesser extent and only at the 
inshore sites (site 2 and 6).  

It is not known what triggered the September peak in 2011, though it is considered that the availability of a good 
food supply would have been necessary to initiate the spawning. Sandeel such as Ammodytes tobianus have 
been reported as having two spawning periods in spring and summer (Dipper, 2001) or spring and autumn 
(Fishbase, 2014). Despite high egg abundances being recorded at most sites in September 2011, the larvae 
results were still comparatively low; however, a small increase in sandeel numbers was recorded at sites 1, 2, 4 
and 5. Unlike the previous years, the egg abundances in 2012, 2013 and 2014 did not fall as sharply, instead 
showing a more gradual fall, particularly at sites 6 and 7. It is speculated again that food availability may have 
also allowed a more prolonged spawning period in these years.  
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3. Intertidal Fish Communities 
3.1 Seine net and Potting Surveys 

3.1.1 Methodology 

Intertidal surveys were carried out on a quarterly basis between spring (April) 2010 and autumn (November) 
2015 to provide an understanding of seasonal variations in the abundance and diversity of inshore fish 
communities.  

Samples were collected at thirteen sites (see  

Figure 3.1 and Appendix A.2 for site locations). These included: 

 sites IF01 and IF02 located up to 15 km west of the Wylfa Newydd Development Area; 

 sites IF11 and IF12 located up to 24 km to the east; 

 sites IF03, IF04, IF10 and IF13 located to the west of Wylfa Head some 1.2 km – 2.2 km from the Wylfa 
Newydd Development Area within Cemlyn Bay;  

 sites IF05, IF06, IF07 and IF09 located to the east of Wylfa Head within Cemaes Bay; and  

 site IF08 located in a rocky bay (Porth Wen) some 1.5 km – 2.6 km east of the Wylfa Newydd Development 
Area.  

Initially, only sites IF01 to IF10 were sampled in 2010, with sites IF11, IF12 and IF13 added to the sampling 
programme in 2011. The full survey programme, including sampling dates, can be found in Appendix A. 

Sites were selected to include both beach and rocky shore sites. Due to the large tidal range, sites were visited 
during different tidal states depending on site access. Owing to the rocky nature of the near-shore environment 
along the north coast of Anglesey, a multi-method approach to surveying the intertidal fish communities was 
adopted, including the use of seine netting and fish traps as well as diver surveys (see Section 3.2). Ground 
conditions and site access largely determined which method was used at each site, with rocky outcrops or 
limited site access preventing the use of seine nets. 

Seine netting was carried out at sites all sites with the exception of IF04 and IF08 ( 

Figure 3.1). Three replicate net samples were taken at each site with the exception of April 2010, when only two 
were taken owing to time restrictions on the initial survey. A seine net 45 m long and 3 m deep with a mesh size 
of 20 mm (wings) and 5 mm (centre panel) was set in an arc from the shore, hauled in and the catch processed 
(Figure 3.2). Intertidal fish surveys were carried out with written consent from the Welsh Government to use 
survey nets with under-sized mesh.  

Owing to the presence of many rocky outcrops within Porth-y-pistyll, only one suitable site for seine netting was 
identified (IF13). Consequently, traps were also deployed in Porth-y-pistyll bay (IF04) and at site IF08 (Porth 
Wen) to provide additional information on fish communities and mobile shellfish (e.g. lobster) associated with 
rocky habitats. Traps were deployed at these sites, left for 24 hours, and then retrieved. Traps were baited and 
set close to the low-water mark in strings of five with the traps 5 m apart. The traps were modified with a 
micro-mesh outer covering (Figure 3.3), and the method used followed the guidelines set out by the Joint 
Nature Conservation Committee (Wilding et al., 2001). 



 

 

 

Figure 3.1 : Locations of the intertidal fish sites sampled around north Anglesey between spring 2010 and autumn 2015. 
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Figure 3.2 : Setting the seine net using the boat to deploy one end (left) and people on the shore to hold the other end (right) in 

Cemaes Bay. 

 

Figure 3.3 : Traps used during the intertidal surveys.  

3.1.1.1 Sample processing 

All organisms were transferred to a covered container of seawater as quickly as possible. Upon collection, the 
catch from all three samples was sorted and processed at each site. All fish specimens were identified to the 
lowest taxonomic resolution possible, measured to the nearest 5 mm (standard length) size class and 
enumerated. Where identification of a specimen was ambiguous, identification keys such as Maitland and 
Herdson (2009) were used and photographs of key features (e.g. fin ray counts, fin alignment and scale counts) 
taken for later confirmation. Occasionally, smaller specimens (particularly gobies and lesser sandeel) were 
retained for identification at the laboratory. Any shellfish were enumerated only. Once processed, all organisms 
were returned to the water.  

3.1.1.2 Data analysis 

To assess seasonal and spatial trends, the intertidal fish sites were grouped into four distinct geographic ‘areas’ 
(Table 3.1) in relation to Wylfa Head. The typology of the intertidal sites within each group was broadly similar 
allowing direct comparison. Sites were also aggregated based on ‘bed type’ and ‘exposure’ (Table 3.2).  

Multivariate statistical analysis of intertidal fish data was carried out using PRIMER 6™ (Clarke and Gorley, 
2006). In contrast to univariate analyses, which concentrate complex ecological data into a single metric, 
multivariate analysis compares differences between all taxa and their relative abundances between samples 
and sites. The analysis therefore allows identification of samples/sites with similar/dissimilar communities. 
Further explanation of the statistical terms methods used is provided in Appendix B. 
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Table 3.1: Sites grouped based on 'area' for analysis. See  

Figure 3.1 for site locations.  

Location Sites Dominant typology 

Western sites IF01, IF02 Sand and pebble beaches 

Cemlyn (west) IF03, IF10, IF13 Pebble/sand and rocky beaches 

Cemaes (east) IF05, IF06, IF07, IF09  Pebble/sand and rocky beaches  

Eastern sites IF11, IF12 Sand beaches 

Table 3.2 : Sites grouped based on 'bed type' and 'exposure' for analysis. See  

Figure 3.1 for site locations. 

Site Bed type Exposure 

IF01 Sandy rocky beaches Exposed 

IF02 Sandy rocky beaches Exposed 

IF03 Sandy pebble beaches Moderately exposed 

IF05 Sandy beach Sheltered  

IF06 Sandy beach Moderately exposed 

IF07 Sandy rocky beaches Exposed 

IF09 Sandy beach Sheltered 

IF10 Sandy pebble beaches Sheltered 

IF11 Sandy beach Sheltered 

IF12 Sandy beach Sheltered 

IF13 Rocky beach Moderately exposed 

3.1.1.2.1 Feeding guilds 

All fish taxa recorded were assigned to one of five feeding guilds, dependent on the principal food type of adult 
fish (see Appendix E). Feeding guilds can be used to identify changes in abundance of species linked to 
seasonal availability of food and sites where a particular food source may be abundant.  

3.1.2 Results 

3.1.2.1 Overall 

Between spring 2010 and autumn 2015, a total of 60,337 intertidal fish were caught in the seine nets and traps, 
representing at least 45 taxa (excluding entries to family or genus level only) (Table 3.3). Of the total, 60,292 
fish were caught in seine nets, with five taxa making up 97.97% of the individuals caught: clupeids (45.92%); 
sandeel4 (19.83%); sand smelt (18.67%); plaice (11.30%); and gobies (Pomatoschistus spp.) (2.24%). Prior to 
summer 2013, clupeids only made up approximately 10% of the total catch, but large catches of herring at sites 
IF09, IF11 and IF12 in summer 2013 and 2015 more than doubled the percentage contribution of this family. 

                                                      
4 Unless otherwise specified subsequent reference in this section to sandeel refers to species belonging to the Ammodytes genus only.  
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Table 3.3 : The total abundance of fish taxa recorded in intertidal surveys (seine net and fish traps) from April 2010 to 

November 2015.  Taxa that could not be identified to species level are shown in bold.   

Common name Species name Abundance in seine 

nets 

Abundance in fish 

traps 

Herring family  Clupeidae  17,225  - 

Sandeel genus5 Ammodytes spp.  11,958  - 

Sand smelt Atherina presbyter  11,258  - 

Herring Clupea harengus  7,779  - 

Plaice Pleuronectes platessa  6,767  - 

Sprat Sprattus sprattus  2,665  - 

Goby genus Pomatoschistus spp.  711  - 

Sand goby Pomatoschistus minutus  595  - 

Greater sandeel Hyperoplus lanceolatus  188  - 

Turbot Psetta maxima  171  - 

Golden grey mullet Liza aurata  168  - 

Lesser weever Echiichthys vipera  152  - 

Flounder Platichthys flesus  126  - 

Fifteen-spined stickleback Spinachia spinachia 123  - 

Brill Scophthalmus rhombus  37  - 

Mullet family  Mugilidae  36  - 

Pollack Pollachius pollachius  33  - 

Painted goby Pomatoschistus pictus  27  - 

Long-spined sea scorpion Taurulus bubalis  19   7  

Common goby Pomatoschistus microps  20  - 

Bass Dicentrarchus labrax  20  - 

Garfish Belone belone  18  - 

Sea trout Salmo trutta  16  - 

Five-bearded rockling Ciliata mustela  10   6  

Thick-lipped grey mullet Chelon labrosus  15  - 

Greater pipefish Syngnathus acus  14  - 

Two-spot goby Gobiusculus flavescens  14  - 

Pilchard Sardina pilchardus  13  - 

Thin-lipped grey mullet Liza ramada  12  - 

Dab Limanda limanda  10  - 

Rock goby Gobius paganellus  -     10  

Grey gurnard Eutrigla gurnardus  9  - 

Lesser-spotted dogfish Scyliorhinus canicula  1   7  

Three-spined stickleback Gasterosteus aculeatus  7  - 

Corkwing wrasse Symphodus melops  6  - 

                                                      
5 It was not possible to speciate the genus Ammodytes spp. in the field; however, individuals checked in the lab confirmed the presence of both               

A. tobianus and A. marinus. 
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Common name Species name Abundance in seine 

nets 

Abundance in fish 

traps 

Three-bearded rockling Gaidropsarus vulgaris  -     6  

Cod Gadus morhua  4  - 

Whiting Merlangius merlangus     3   1  

Pogge Agonus cataphractus  2   1  

Short-spined sea scorpion Myoxocephalus scorpius  2  - 

Transparent goby Aphia minuta  2  - 

Cod family  Gadidae  2  - 

Sole family  Soleidae  2  - 

Tompot blenny Parablennius gattorugine  -     2  

Bull huss Scyliorhinus stellaris  -     2  

Poor cod Trisopterus minutus  -     2  

Dragonet genus Callionymus spp.  1  - 

Ballan wrasse Labrus bergylta  1  - 

Common dragonet Callionymus lyra  1  - 

Rockling family  Lotidae  1  - 

Shanny Lipophrys pholis  1  - 

Goldsinny wrasse Ctenolabrus rupestris  -     1  

Between spring 2010 and autumn 2015, a total of 45 fish representing 11 species were caught in the fish traps. 
Of these, five species were unique to the fish traps (being absent from the seine nets). These included tompot 
blenny, rock goby (Gobius paganellus), three-bearded rockling (Gaidropsarus vulgaris), lesser-spotted dogfish 
and bull huss (Scyliorhinus stellaris). The tompot blenny, three-bearded rockling and rock goby would not be 
expected to be caught in seine nets owing to their preference for rocky habitats. The dogfish and bull huss are 
also not to be expected in seine nets and are more commonly found in subtidal areas but may have been 
attracted to the traps owing to the presence of bait. 

The fish-trap data are considered to be qualitative only and, as such, were not included in any statistical 
analyses. Nevertheless, this survey methodology proved useful in identifying the presence of both fish and 
shellfish species associated with rocky intertidal habitats. Results are discussed further in Section 3.1.2.3.1.  

3.1.2.2 Temporal variation 

The average number of fish caught per net and the number of species caught per survey varied noticeably 
between seasons and from year-to-year (Figure 3.4). From the 22 surveys between spring 2010 and autumn 
2015, the highest catch per net was recorded in summer 2015 with an average of 520 fish per net: a result 
mainly owing to large numbers of fish caught at sites IF11, IF12, IF07 and IF09, particularly clupeids, plaice and 
sand smelt.  

In nearly all years, the highest catches per net occurred in the summer season. The general seasonal pattern 
was of an increase in abundance with the onset of spring, peaking in summer before dropping through autumn 
into winter. The only exception was observed in 2012 where the average fish abundance per net decreased 
between spring and summer.  

As water temperatures fell in autumn and winter months, average numbers of fish per net and the number of 
species per survey typically decreased. The lowest numbers of fish per net were generally recorded during the 
winter surveys with an average of nine fish per net in winter 2011, 21 fish per net in winter 2012 and just one 
and four fish per net in winter 2013 and winter 2014, respectively. The highest numbers of species were 
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recorded during the summer in all years except 2014 and 2015, where number of species per survey peaked in 
autumn.  

Plaice and sand smelt were the only two taxa that were recorded during every intertidal seine netting survey 
carried out between April 2010 and November 2015. A further 11 taxa were recorded in every season but not 
necessarily in all sampling years and included: flounder (Platichthys flesus), turbot (Scopthalmus maximus), 
lesser weever (Echiichthys vipera), long-spined sea scorpion, fifteen-spined stickleback, bass (Dicentrarchus 

labrax), two-spot goby (Gobiusculus flavescens), clupeids, sandeel, brill (Scophthalmus rhombus) and gobies. 

 

Figure 3.4: Mean number of fish per seine net and total number of species recorded per season from spring 2010 to autumn 

2015. 

A two-way crossed ANOSIM across all sampling years indicated that significant differences in the intertidal fish 
communities existed between seasons across all years (R=0.424, p<0.001), although these were not clearly 
separated as evidenced by the moderate R-value. Pairwise ANOSIM tests showed that the main differences 
occurred between spring and all other seasons. All the R-values were moderate to low, indicating some overlap 
in the community composition characterising each season, particularly between successive seasons (Table 
3.4).  

Table 3.4 : ANOSIM pairwise comparisons between seasons for intertidal seine net data from sampling sites around the north 

Anglesey coast, spring 2010 to autumn 2015. Statistically significant results at p<0.05 are marked with **. 

Pairwise comparison R-value Significance, p 

Spring, winter 0.538 0.001** 

Spring, autumn 0.527 0.001** 

Spring, summer 0.481 0.001** 

Summer, autumn 0.446 0.001** 

Summer, winter 0.431 0.001** 

Autumn, winter 0.088 0.027** 

0

5

10

15

20

25

30

0

100

200

300

400

500

600

Sp
rin

g 
20

10

Su
m

m
er

 2
01

0

Au
tu

m
n 

20
10

W
in

te
r 2

01
1

Sp
rin

g 
20

11

Su
m

m
er

 2
01

1

Au
tu

m
n 

20
11

W
in

te
r 2

01
2

Sp
rin

g 
20

12

Su
m

m
er

 2
01

2

Au
tu

m
n 

20
12

W
in

te
r 2

01
3

Sp
rin

g 
20

13

Su
m

m
er

 2
01

3

Au
tu

m
n 

20
13

W
in

te
r 2

01
4

Sp
rin

g 
20

14

Su
m

m
er

 2
01

4

Au
tu

m
n 

20
14

Sp
rin

g 
20

15

Su
m

m
er

 2
01

5

Au
tu

m
n 

20
15

N
um

be
r o

f s
pe

ci
es

M
ea

n 
nu

m
be

r o
f f

is
h 

pe
r n

et

Total species Mean fish per net



Fish Survey Report  

 

 
60PO8007/AQE/REP/003 42 

SIMPER analysis (see Appendix F) showed that differences between seasons were largely due to changing 
abundances of the four dominant taxa (sandeel, plaice, clupeids and sand smelt) as opposed to species 
presence/absence differences. In spring, large numbers of sandeel and plaice contributed heavily to the 
community assemblages with clupeids and sand smelt also becoming abundant in the summer. Autumn was 
characterised by a dominance of sand smelt and lower abundances of sandeel, clupeids and plaice. Sand smelt 
remained present in winter (albeit in lower abundances) during the winter months as did plaice and clupeids. 
Low but persistent abundance of grey mullet and fifteen-spined stickleback also characterised intertidal fish 
communities in the winter.  

Temporal patterns in species composition are illustrated in Figure 3.5 showing the greatest separation between 
the spring and autumn/winter samples. Two-dimensional bubble plots for the most abundant taxa are also 
presented; the larger the bubble, the higher the number of individuals sampled. These species were present in 
samples from all seasons but showed marked fluctuations in abundance. The sudden emergence of clupeids 
during summer 2015 is evident (Figure 3.5).  
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Figure 3.5: 2-D MDS plots of intertidal fish communities with the abundance of five taxa overlaid as bubble plots. The sixth plot is included for reference of seasonal data points. Data has been averaged across the years to present a single data point per season and year. Note variable 

scales on the plots.
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3.1.2.3 Spatial variation 

Overall the highest abundance of fish within intertidal areas was recorded on the north-east coast of Anglesey 
at sites IF11 and IF12 with the average number across the whole sampling programme (April 2010 to November 
2015)6  exceeding 150 fish per seine net (Figure 3.6). Conversely, the lowest abundances of fish within intertidal 
areas were recorded on the north-west coast of Anglesey (IF01 and IF02); here average abundances did not 
exceed 50 fish per net. The mean abundance of fish observed at intervening sites along the north coast of 
Anglesey ranged from 36 fish per net at IF10 (west of Wylfa Head) to 88 fish per net at IF13 in Porth-y-pistyll. 
Typically fish catches in Porth-y-pistyll were low, particularly during the spring and autumn (<10 fish per net). 
The relatively high average value is driven by elevated catches of sand smelt in summer 2014 (611 fish per 
net); removal of this uncharacteristically high catch reduces the average abundance to 50 fish per net.  

Despite apparent spatial differences in the average abundance of fish utilising intertidal habitats along the north 
Anglesey coastline, a univariate Kruskal-Wallis one-way ANOVA on ranks using surveys as replicates, found no 
significant difference between the thirteen sites sampled (H = 4.592, p = 0.917). This result is likely to be an 
artefact of seasonal variations in the abundance of fish recorded at each site throughout the sampling 
programme (Figure 3.6). The greatest variability in catches was seen at sites on the north-east coast of 
Anglesey with the highest standard deviation (i.e. variability in mean number of fish per net) observed at site 
IF11 (±3,029 fish per net). Conversely, the lowest standard deviation was seen on the north-west coast of 
Anglesey at site IF02 (±127 fish per net).  
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Figure 3.6 : The mean abundance (± standard deviation) of fish recorded per net at each site during the 22 surveys carried out 

between April 2010 and November 2015. 

The average abundance of those taxa most commonly recorded during the sampling programme are presented 
in Figure 3.7 for each sampling site. The site furthest east (IF12) was characterised by high abundances of 
plaice and Clupeidae (average of 83 and 68 individuals recorded per net, respectively). Westward at site IF11, 
clupeids were even more dominant with an average of 304 fish recorded per net, although as already identified, 
the majority of individuals were caught in later years (2013 onwards). Fish communities at site IF11 were also 

                                                      
6 I.e. the total number of fish recorded at each site between April 2010 and November 2015, divided by the total number of seine nets shot.  
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characterised by moderate abundances of sandeel and plaice; average abundances (31 sandeel and 18 plaice 
per net) represented the third and second highest values recorded across all sites sampled, respectively.  

East to west gradients in species abundance were evident along the north coast of Anglesey. Clupeids 
remained prevalent but declined in abundance with distance westwards. Mean abundances at sites farthest 
west, IF01 and IF02, were low (0.42 and 0.31 clupeids per net, respectively). Although sandeel remained 
abundant in Cemaes Bay at sites IF06 and IF07 (51 and 16 fish per net, respectively), abundances declined 
markedly between west Cemaes Bay (IF09) and Porth-y-pistyll (IF13), with an average of less than five sandeel 
per net recorded within this area. Further west, elevated sandeel abundances (average of >25 fish per net) were 
evident but only at isolated sites including IF03 (east Cemlyn Bay) and IF01 which is located some 15 km from 
the Wylfa Newydd Development Area.  A re-emergence of plaice was also evident at the sites furthest west 
(IF01 and IF02) but abundances remained low (average of four and two fish per net) compared to those 
observed at sites farthest east (IF11 and IF12).  

Sand smelt abundances were low at the most eastern sites (an average of less than four fish per net) but 
increased westwards from site IF09 located in west Cemaes Bay (average of 20 fish per net). This highest 
average abundance was observed at site IF13 in Porth-y-pistyll (57 fish per net); despite this, overall 
abundances of fish recorded at this site were low. Sand smelt remained prevalent at sites further west, with 
average abundances ranging from 14 to 20 fish per net.  

All other taxa were recorded in comparatively low abundances (≤ nine fish per net) at all sampling sites. Gobies 
were however notably present at sites IF10 and IF09. Flatfish species such as turbot, brill and flounder were 
also present at sites on the north-east (IF11 and IF12) and north-west (IF01 and IF02) coast of Anglesey. There 
was a distinct absence of flatfish, including plaice, turbot, brill, dab (Limanda limanda) and Soleidae at 
intervening sites along the north coast Anglesey, particularly in Porth-y-pistyll (IF13) and on the eastern side of 
Wylfa Head (IF05).  Turbot was recorded in west Cemaes Bay at sites IF06 and IF11 but often in low (single) 
abundance. 
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Figure 3.7 : Average abundance of the dominant fish taxa recorded per seine net at each site between April 2010 and 

November 2015.   

When considering the community assemblage and abundances of individual taxa, a one-way ANOSIM identified 
statistically significant differences between sampling sites (Global R = 0.147, p = 0.001), although the low 
R-value suggests a high degree of overlap. The largest differences were generally observed between sites 
located some distance from each other. For example, the biggest difference was found between site IF10 in 
Cemlyn Lagoon and both sites IF12 (R = 0.412, p = 0.001) and IF02 (R = 0.365, p = 0.01), located 
approximately 21 km and 10 km away to the east and west, respectively.  Smaller, albeit significant, differences 
were observed between sites located in relatively close proximity to one another such as IF06 vs. IF05 
(R = 0.350, p = 0.001) and IF09 (R = 0.339, p = 0.001) which are all located in Cemaes Bay  

One-way SIMPER analysis (see Appendix F) showed that spatial differences were driven by the variable 
abundance of taxa common to the north coast of Anglesey. Unsurprisingly, differences between the far eastern 
site (IF12) and site IF10 in Cemlyn Bay was driven by a higher abundance of sand smelt, gobies, grey mullet 
and fifteen-spined stickleback in Cemlyn Bay but a lower abundance of plaice, sandeel and clupeids.  These 
species collectively accounted for 90.2% of the dissimilarity between intertidal fish communities recorded at 
these two sites. Differences between site IF02 on the west coast of north Anglesey and site IF10  were 
characterised by the same patterns as well as an absence of turbot, brill and greater sandeel (Hyperoplus 

lanceolatus) in Cemlyn Bay.  

The average abundance of those taxa most commonly recorded at sites located within Cemaes Bay (IF05, 
IF09, IF06 and IF07) are visually presented in Figure 3.8. One-way SIMPER analysis found differences between 
site IF06 and both IF05 and IF09 were driven by a lower abundance of sand smelt and clupeids at site IF06 but 
a higher abundance of plaice and sandeel. These four taxa cumulatively accounted for 76.2% (IF06 vs. IF05) 
and 73.1% (IF06 vs. IF09) of the dissimilarity between intertidal fish communities recorded between these site 
combinations.  

No statistically significant difference was identified between IF07 (eastern region of the bay) vs. IF05 and IF09 
(western region of the bay), nor between IF05 and IF09 which were immediately adjacent to one another (at 
p = 0.05). Whilst a statistically significant difference was identified between IF07 vs. IF06, the low R-value 
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suggests differences were small (R = 0.134, p = 0.04), being primarily driven by variable abundances of 
sandeel, sand smelt and plaice.   

Differences in intertidal fish communities recorded at sites in Cemlyn Bay which for the purpose of this analysis 
includes Porth-y-pistyll (IF10, IF03 and IF13) were not found to be statistically significant at p = 0.05.  
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Figure 3.8 : The average abundance (per net) of four taxa driving dissimilarity between sites located in Cemaes Bay. 

The prevailing wind direction is south-west and therefore sites on the north-west coast of Anglesey are 
considered to be extremely exposed whilst those sites along the north-east coast are relatively sheltered. 
Although the intervening area along the north  coast of Anglesey is generally considered reasonably sheltered, 
small-scale variations in exposure, do occur with the eastern margins of bays and inlets being more exposed 
than western margins which are typically located in the lee of headlands.  

To explore whether differences in exposure could be driving spatial difference in intertidal fish communities, a 
one-way ANOSIM was carried out using ‘exposure’ as a factor. Overall, there was no statistical difference in 

intertidal fish communities observed at sites characterised by different exposure conditions (Global R = -0.004, 
p = 0.604). However, when each bay was considered in isolation, differences between sites in Cemaes Bay 
(site: IF05 and IF09 - ‘sheltered’; IF06 – ‘moderately exposed’; and IF07 – ‘exposed’) were found to be 
statistically significant (Global R = 0.165, p = 0.001). The greatest difference was identified between sheltered 
and moderately exposed sites (R = 0.311 and p = 0.001); this was followed by moderately exposed and 
exposed sites (R = 0.134, p = 0.006) (Figure 3.9). The species driving dissimilarity between these sites are 
outlined above. No significant difference was identified between sheltered and exposed sites in Cemaes Bay (at 
p = 0.05). 
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The absence of any statistical difference between sites in Cemlyn Bay suggests that despite localised 
differences in exposure,  (site: IF10 – ‘sheltered’; and IF03 and IF13 – ‘moderately exposed’), the species 
compliment identified in Porth-y-pistyll is comparable to that recorded in sheltered rocky habitats in the western 
area of the bay.  

 

Figure 3.9 : 2D MDS plot showing the seperation of sampling sites in Cemaes Bay (IF05, IF06, IF07 and IF09) based on 

exposure. Note data has been averaged per site and sampling year. 

Another factor that is likely to influence the species compliment present in different areas is substrate type. The 
eastern sites are made up of long stretches of homogenous, shallow, sandy beaches. It appeared that sandeel, 
clupeids, lesser weever and flatfish demonstrate a preference for these habitats which are likely to provide 
suitable nursery grounds for these taxa.  

The western sites (IF01 and IF02) are more akin to the habitats at Cemlyn (IF03 and IF10) and Cemaes (IF05, 
IF06, IF07 and IF09), with coarser substrata and rocky outcrops in the close vicinity, along with expanses of 
exposed sands. These sites had a greater number of taxa, with fish associated with soft, mixed and hard 
substrata, coincident with the more varied habitats in these areas. For example, lesser weever and flatfish 
species, including plaice, flounder and turbot were prevalent on the wide sandy beach at Cemaes (IF06), whilst 
the steeper, pebbly beaches to east and west favoured schooling species such as sprat and sandeel. The site 
at IF10 in Cemlyn is a small, pebbly beach between rocky, intertidal areas that were dominated by weed growth: 
it had an extensive sandy seabed and was close to the entrance to the saline lagoon. Over the survey period, a 
number of different taxa were caught here, though mostly in low numbers, including pollack, corkwing wrasse, 
golden mullet (Liza aurata), three- and fifteen-spined stickleback, whiting, herring, sand smelt and sandeel. The 
algal stands offer suitable habitat for the sticklebacks, as does the proximity of brackish water, whilst sandy 
habitats provide suitable grounds for taxa such as sandeel and sand smelt.  

Although site IF13 in Porth-y-pistyll was the rockiest and deepest site sampled with the seine net with no 
extensive, adjacent, sandy area, the species compliment was broadly similar to that observed at other rocky 
sites. The only species recorded during seine netting in Porth-y-pistyll that was not recorded elsewhere was 
shanny. This is typically a cryptic species affiliated with crevices within rock and is therefore not easily sampled 
using seine netting. Fish traps situated in adjacent areas of Porth-y-pistyll (IF04) and Porth Wen (IF08) were 
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intended to help determine further fish species present within shallow rocky habitats; these results have been 
discussed in Section 3.1.2.3.1.    

Despite apparent differences between intertidal fish communities sampled over different substrates; a one-way 
ANOSIM using ‘bed type’ as a factor, found no statistically significant difference between sites (Global 
R = -0.001, p = 0.493). Many of the survey sites had sandy substrates over which the fish were sampled. Even 
sites with shingle banks (IF03, IF09) or with partially rocky shores (IF02, IF05 and IF07) still had extensive 
sandy areas from mid-tide level downward.  Although Porth-y-pistyll lacks extensive shallow sandy substrates, 
sandy muds and muddy sands are known to be present with the outer bay within the sublittoral zone (Jacobs, 
2014, Application Reference Number: 6.4.85). This may in part explain the absence of significant differences 
between sites considering substrate type alone.  

3.1.2.3.1 Fish traps 

The fish traps deployed at sites IF04 (Porth-y-pistyll) and IF08 (Porth Wen) sampled rocky habitats just below 
the low-tide mark at each site. Fish species recorded from the two sites are presented in Table 3.5 below.  

Over half the species present within traps (six of the 11 species) were also recorded in seine nets (see Table 
3.3), primarily at sites characterised by coarse substrates such as IF03 in west Cemlyn Bay. Other taxa 
recorded in the traps including whiting, long-spined sea scorpion and lesser-spotted dogfish were also recorded 
in seine nets at more sandy sites (e.g. IF09). This further demonstrates that the heterogeneous nature of 
habitats along the north-coast of Anglesey, with sandy substrata and rocky outcrops in close vicinity, supporting 
a broadly similar but mixed community assemblage characterised by species typically associated with both 
substrates. 

The two sampling techniques (seine netting and fish traps) identified species which are taxonomically and 
ecologically very similar but which occupy slightly different depths. For example, a single shanny was recorded 
from seine netting in Porth-y-pistyll whilst a tompot blenny was recorded from traps in Porth Wen. Both species 
belong to the taxonomic family Blenniidae and are known to be associated with rocky inshore habitats. Shanny 
is typically found higher up the shore in rockpools or hiding under stones and seaweed and therefore the record 
of this species from seine netting is unsurprising. Tompot blennies however, are typically found at slightly 
deeper depths generally residing between vegetation and boulders at extreme lower water, outside of the area 
surveyed by seine netting. This demonstrates the importance of a multi-method approach to sampling intertidal 
habitats. 

It is interesting to note that four of the taxa which were only recorded in fish traps were also observed during 
dive surveys including goldsinny wrasse, poor cod, tompot blenny and rock goby (see Section 3.2.2). This 
provides evidence to suggest that these species are widespread along the north-Anglesey coastline being 
present in both rocky bays and headlands exhibiting a range of exposure conditions.   

Fish traps are also a useful method of sampling large mobile shellfish such as European lobster (Homarus 

gammarus), which was identified in both Porth-y-pistyll and Porth Wen. Over the entire sampling period, this 
species was recorded a total of 29 times; abundances at the two sites were reasonably consistent. Abundances 
per string of traps did not exceed four on any given sampling occasion.  

Table 3.5 : Presence (grey cells) and absence (clear cells) of fish species recorded in fish traps at two sites along the north 

Anglesey coast between spring 2010 and autumn 2015. 

Common name Species name IF04, Porth-y-pistyll IF08, Porth Wen 

Three-bearded rockling Gaidropsarus vulgaris   

Five-bearded rockling Ciliata mustela   

Bull huss Scyliorhinus stellaris   

Goldsinny wrasse Ctenolabrus rupestris   

Lesser-spotted dogfish Scyliorhinus canicula   
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Common name Species name IF04, Porth-y-pistyll IF08, Porth Wen 

Long-spined sea scorpion Taurulus bubalis   

Pogge Agonus cataphractus   

Poor cod Trisopterus minutus   

Rock goby Gobius paganellus   

Tompot blenny Parablennius gattorugine   

Whiting Merlangius merlangus   

3.1.2.4 Temporal vs. spatial variation 

To compare spatial and seasonal patterns in the overall abundance of intertidal fish along the north coast of 
Anglesey, survey sites have been grouped into four broad areas described in Section 3.1.1.2. The average 
numbers of fish sampled per seine net set at each of the four regions during the whole sampling period (spring 
2010 to autumn 2015) are shown in Figure 3.10. Catches were generally highest in spring and summer across 
all areas except for Cemlyn Bay, which showed higher catches in autumn compared with spring. This was 
driven by the presence of uncharacteristically high abundances of sand smelt during the autumn season at site 
IF03 in 2010 (562 fish per net) and IF13 in 2015 (149 fish per net).  

The highest average catch per net was at IF11 and IF12 (eastern sites) in summer 2015 with an average of 
2,222 of fish per net, largely attributed to high numbers of clupeids (specifically herring). These sites are located 
up to 24 km to the east of the Wylfa Newydd Development Area. In winter, the catches were relatively low in all 
sampling regions before the arrival of spring saw a distinct increase in fish recorded, particularly at Cemaes Bay 
and the eastern and western sites. Temporal vs. spatial patterns for the four most abundant taxa are described 
in more detail in the following sections. 

  
Figure 3.10 : Mean number of fish sampled per seine net in each of the four survey areas around north Anglesey between 

spring 2010 and autumn 2015.  

3.1.2.5 Comparisons of fish community age structure 

3.1.2.5.1 Sandeel 

Sandeel numbers peaked in spring, often remaining high into summer when many small individuals (<50 mm) 
were recruited to the population (Figure 3.11). Figure 3.11 below illustrates the lower frequencies recorded 
during the autumn and winter months when overall catches were low (<400 recorded in both autumn and winter 
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between 2010 and 2015). Two cohorts appear to be present in the summer samples, whereas in spring the 
length-frequency distribution appears to be approximately unimodal.  The spring 2012 survey was delayed by 
six weeks owing to incessant, inclement weather and thus would have allowed more time for growth of the 
juvenile sandeel. 

Length frequencies of sandeel recorded at each site during spring and summer are presented in Figure 3.12 to 
investigate whether size classes were distributed uniformly along the north coast of Anglesey.  Across all sites, 
the majority of sandeel recorded in the spring ranged from 55 mm to 80 mm, representing between 47% and 
96% of the total number measured at each site between 2010 and 2015. Despite this, subtle variations in the 
distribution of sandeel size classes were evident along the north coast of Anglesey during the period of peak 
abundance (spring and summer). 
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Figure 3.11 : Length frequency of sandeel sampled from the north Anglesey coast between spring 2010 and autumn 2015. 

Frequencies are based on the first 50 individuals measured from each sample and do not indicate the total numbers recorded. 

In spring, adolescent sandeel measuring 75 mm to 130 mm dominated catches at sites farthest east, 
representing 57% and 55% of the total number measured at IF11 and IF12, respectively. Adolescent sandeel 
also dominated catches at sites in eastern Cemaes Bay (IF06 and IF07), although higher overall abundances 
were also driven by an increased prevalence of small juveniles measuring 45 mm to 70 mm.  

Moderate to high spring catches recorded at sites IF02 and IF01 farthest west (13 and 65 sandeel per net, 
respectively), and site IF03 in Cemlyn Bay (30 sandeel per net) were dominated by smaller size classes 
(<70 mm) which accounted for 64%, 77% and 85% of total measured sandeel catches, respectively. Spring 
catches at the remaining sites in Cemlyn Bay (IF10 and IF13) and eastern Cemaes Bay (IF05 and IF09) were 
generally characterised by fewer, larger sandeel with an increased abundance of smaller sandeel at IF09. At 
these sites, abundances did not exceed 11 fish per net.  

Overall, abundances of sandeel declined in summer, the prevalence of juveniles (30 – 50 mm) increased at 
nearly all sites. The exceptions were site IF02 to the west and site IF13 in Porth-y-pistyll where catches 
remained extremely low (one individual per net), being comprised solely of a few adolescent sandeel (55 mm –
 80 mm).  

The highest sandeel catch in summer occurred at site IF03 in Cemlyn Bay (90 fish per net) and site IF11 to the 
east (80 fish per net). Generally, catches at sites farthest east (IF11 and IF12) and to a lesser extent site IF03, 
exhibited a bimodal distribution indicating the presence of two cohorts (30 mm – 60 mm and 75 mm – 100 mm).  
Lower abundances at sites within Cemaes Bay (≤20 fish per net) were dominated by juvenile sandeel 
measuring <60 mm SL; these smaller size classes represented between 75% (IF09) and 98% (IF05) of the total 
number of fish measured.  In eastern Cemlyn Bay (IF10), however, extremely low abundances (< one individual 
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pet net) were dominated by even smaller sandeel (<55 mm). Moderate abundances at sites farthest west (IF01 
and IF02) comprised a range of size classes, demonstrating a unimodal length frequency distribution. 
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Figure 3.12 : Length-frequency distribution of sandeel sampled from the north Anglesey coast in A) spring (March to May) and 

B) summer (June to August) between 2010 and 2015. Frequencies are based on the first 50 individuals measured from each 

sample and do not indicate the total numbers recorded. Average abundances at each site corrected for sampling effort (per 

net) are presented as red crosses.  

3.1.2.5.2 Sand smelt 

In spring, the abundance of sand smelt in intertidal waters around north Anglesey was low and fish were 
centred around the 75 mm – 90 mm size range (Figure 3.13). A new cohort between 35 mm and 50 mm (age 
class 0+) appeared during the summer each year. The 1+ age class could also be identified at around 95 mm 
with a possible further age class (2+) at 115 mm – 120 mm. By autumn, the 0+ age class was dominated by fish 
of 60 mm – 70 mm. Growth slowed over the winter months with the same age class being largely represented 
by individuals between 65 mm – 80 mm. Few sand smelt were caught during the winter with older fish most 
likely moving into deeper waters not sampled by the seine net. 
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Figure 3.13 : Length frequency of sand smelt sampled from the north Anglesey coast between spring 2010 and autumn 2015. 

Frequencies are based on the first 50 individuals measured from each sample and do not indicate the total numbers recorded. 

Figure 3.14 below illustrates the length frequencies of sand smelt recorded at each sites during the period of 
peak abundance in summer and autumn.  Summer catches at all sites were characterised by the arrival of a 
new cohort of sand smelt measuring <50 mm (0+ group); their contribution to total measured catches of sand 
smelt ranged from 90% (IF11) to 67% (IF07). This size class dominated high catches at site IF13 in 
Porth-y-pistyll (average of 162.6 sand smelt per net) representing 77% of the total measured catch of sand 
smelt.  

The length frequency of sand smelt at all sites exhibited a bimodal distribution during the summer, indicating the 
presence of additional, less numerous age classes measuring between 55 mm and 145 mm. These fish are 
likely to represent adolescent (0+ group) and adult sand smelt (1+ and 2+ group). Adult sand smelt (>85 mm) 
were found to be particularly prevalent at sites IF05, IF09, IF06 and IF07 in Cemaes Bay, representing between 
23% and 15% of those measured at each of these sites between 2010 and 2015.  

By autumn, very few sand smelt were recorded at sites farthest east (IF11 and IF12) and site IF02 to the east 
with total average abundances per net ranging from 0.3 and 3.4. At all remaining sites, sand smelt measuring 
55 mm to 70 mm dominated catches, representing between 66% (IF13) and 84% (IF10) of the total number 
measured. Abundances of sand smelt measuring 75 mm – 80 mm (adolescents) persisted at site IF01 and 
those located in Cemaes Bay (IF05, IF09, IF06 and IF07), but very few adults were recorded at any of the sites 
along the north coast of Anglesey during this season.   
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Figure 3.14 : Length-frequency distribution of sand smelt sampled from the north Anglesey coast in A) spring (March to May) 

and B) summer (June to August) between 2010 and 2015. Frequencies are based on the first 50 individuals measured from 

each sample and do not indicate  the total numbers recorded. Average abundances at each site corrected for sampling effort 

(per net) are presented as red crosses. 

3.1.2.5.3 Plaice 

Juvenile (0+ group) plaice first appeared in the samples each year during the spring surveys, most frequently 
between 20 mm – 40 mm although in low abundance (Figure 3.15). Plaice larvae begin to metamorphose and 
settle out during April. By summer, it is evident that large numbers of 0+ plaice had settled in intertidal areas 
along the north coast of Anglesey. The number of plaice dropped rapidly in autumn and winter months, a result 
of natural mortality and migration to deeper waters as sea temperatures fall in shallow intertidal areas.  
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Figure 3.15 : Length frequency of plaice sampled from the north Anglesey coast between spring 2010 and autumn 2015. 

Frequencies are based on the first 50 individuals measured from each sample and do not indicate the total numbers recorded. 

The length frequency of summer catches of plaice recorded at each site between 2010 and 2015 is presented in 
Figure 3.16. High catches at sites farthest east (IF11 and IF12) and site IF06 in eastern Cemaes Bay (53 to 194 
fish per net) were dominated by plaice measuring 30 mm to 55 mm. Plaice of this size collectively represented 
between 68% (IF12) and 71% (IF11) of the total number plaice measured at these sites between 2010 and 
2015. Although overall, catches of plaice at sites IF09 and IF07 in Cemaes Bay were low (<5 fish per net), 
plaice measuring between 30 mm and 55 mm remained dominant, representing 82% and 100% of individuals 
measured at these sites, respectively. Comparatively few 1+ group plaice (60 mm – 85 mm) were recorded at 
eastern sites. Conversely, sites further west (IF01, IF02) were characterised by a lower abundance of 0+ group 
plaice (<60 mm) and an increased proportion of 1+ group, the latter representing 67% and 33% of the total 
number measured, respectively.  
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Figure 3.16 : Length-frequency distribution of plaice sampled from the north Anglesey coast in summer (June to August) 

between 2010 and 2015. Frequencies are based on the first 50 individuals measured from each sample and do not indicate the 

total numbers recorded. Average abundances at each site corrected for sampling effort (per net) are presented as red crosses. 

3.1.2.5.4 Clupeids 

Juvenile 0+ clupeids (herring, sprat and pilchard) first appeared in the samples each year during the spring 
surveys, most frequently between 35 mm – 50 mm standard length. Recruitment to intertidal habitats was found 
to peak in summer (Figure 3.17).  There was no clear progression in cohort growth but rather a fall in 
abundance from summer to autumn, suggesting that larger fish moved away from the sampling areas as they 
grew, with mostly smaller individuals remaining by autumn; larger fish were sampled only rarely.  

The length frequency of clupeids sampled at each site during the summer between 2010 and 2015 is presented 
in Figure 3.18. Aside from lower overall abundance at site IF06 in Cemaes Bay and sites farther west (IF01 and 
IF02) there is very little spatial variation in the size of clupeids observed at sampling sites along the north coast 
of Anglesey. Individuals measuring 35 – 50 mm, representing 82% to 96% of all clupeids measured at each site 
between 2010 and 2015. Slightly larger 0+ group clupeids measuring 55 – 60 mm were most prevalent at sites 
farthest east (IF11 and IF12) whilst increased abundances of individuals measuring 25 - 30 mm were observed 
at some sites in Cemlyn Bay (IF03 and IF13). 
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Figure 3.17 : Length-frequency of clupeids (herring, sprat and pilchard) sampled from the north Anglesey coast between spring 

2010 and autumn 2015. For presentational purposes, the length frequency is presented on a log scale. Frequencies are based 

on the first 50 individuals measured from each sample and do not indicate the total numbers recorded. 
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Figure 3.18 : Length-frequency distribution of Clupeidae (sprat, herring and pilchard) sampled from the north Anglesey coast 

in summer (June to August) between 2010 and 2015. Frequencies are based on the first 50 individuals measured from each 

sample and do not indicate the total numbers recorded. Average abundances at each site corrected for sampling effort (per 

net) are presented as red crosses. 

3.1.2.6 Species of conservation and commercial importance 

Between 2010 and 2015, a total of 16 sea trout was recorded. Most of the individuals were recorded at 
Cemaes, sites IF05, IF06 and IF07, although two were recorded at site IF13 in the Cemlyn area. The smolts 
were recorded in the size range 135 mm to 205 mm standard length; however, in spring 2010 a single specimen 
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was 255 mm, and in summer 2010 and 2015, parr, measuring 45 mm and 70 mm respectively, were recorded. 
The sea trout is listed in in Section 7 of the Environment (Wales) Act 2016.    

Over the whole survey period, a further five fish taxa were recorded that are listed in the Section 7 list of 
‘species of principal importance for conservation of biological diversity in Wales’: these were herring, plaice, 
cod, whiting and the sandeel (specifically Raitt’s sandeel). Herring, plaice and sandeel constituted the highest 
abundances in the present survey programme.  

The bull huss is not listed as a Section 7 species but is listed by the IUCN as ‘Near Threatened’ throughout its 
range in western Europe. The main threat is from over-exploitation by commercial fishing methods. This species 
was recorded in low abundance (n = 2) in intertidal areas between 2010 and 2015.  

3.1.2.7 Feeding guilds 

Analysis by feeding guild classification showed the intertidal fish communities at the survey sites were largely 
dominated by the continuous presence of zooplankton feeders throughout the year (e.g. sandeel, sand smelt 
and clupeids) (Figure 3.19). In most seasons, the zooplankton feeders constituted over 70% of the community 
in each season. The next largest group, in terms of composition, was the benthic feeders (e.g. plaice and 
common goby (Pomatoschistus microps)), which showed peaks in most summers, mainly owing to the 
settlement of newly metamorphosed juvenile plaice, for example in summer 2012. Benthic feeders also 
appeared to peak again in some winter and autumn seasons (e.g. winter 2013 and autumn 2014) but could be 
attributed to lower overall catches giving more resident demersal species a greater influence over percentage 
composition, as opposed to actual increases in number. The benthic feeders comprised the largest numbers of 
fish taxa followed by the zooplanktivorous and piscivorous groups respectively. 

Over the course of the study period, most of the sampling areas displayed approximately similar ratios of 
feeding guilds (Figure 3.20), the main contributor being zooplankton feeders (on average >70%). There were 
occasional exceptions to this when higher proportions of benthic or piscivorous feeders were recorded, such as 
plaice or turbot respectively. Piscivores were generally low in abundance (<3%); however, in 2012 and 2014, 
the western sites showed an increased percentage contribution, predominantly comprised of juvenile turbot 
(<75 mm) with lower numbers of brill. Indeed, in 2014, there was an apparent increase in piscivores across all 
areas and this was mainly attributable to higher numbers of turbot at selected sites.  
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Figure 3.19: Seasonal feeding guild composition of fish recorded during intertidal seine netting at various locations along the 

north Anglesey coast between spring 2010 and autumn 2015. Data labels reflect total number of fish caught. Sampling was not 

carried out in winter 2010 and 2015. 

 

 

Figure 3.20: Feeding guild composition of fish recorded during intertidal seine netting in the four spatial areas around the 

north coast of Anglesey between spring 2010 and autumn 2015. Data labels reflect total number of fish caught. 
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3.2 Diver Surveys 

3.2.1 Methodology 

Diver fish surveys were carried out in the summer of 2010 to assess sublittoral fish communities along the north 
Anglesey coast. Surveys were scheduled for eight days over late July and early August 2010; sampling dates 
can be found in Appendix A. 

Fourteen sampling sites were selected encompassing westerly and north-westerly facing bays and exposed 
headlands (see Figure 3.21 and Appendix A for site locations); these included:  

 three immediately to the west of the Existing Power Station outfall (Outfall A, Outfall B and DV2);  

 four were located to the east of the outfall around Wylfa Head (DV4, DV6, DV7 and DV8);  

 five approximately 3 km – 5 km from the Wylfa Newydd Development Area, around Llanbadrig and 
Llanlleiana Heads which demonstrate similar tidal exposure to Wylfa Head sites (DV9A, DV9B, DV11, 
DV12A and DV12B); and  

 two sites around Point Lynas (DV5 and DV16). 

The location of some sites was changed during the survey to best meet the conditions on site.  

Historical temperature profiles suggested that at periods of slack water (approx. 300 m from the outfall), a 
difference of 2°C or more can exist between depths of 8 m below the surface and the seabed at 17 m (Wimpol, 
1985). Further away from the outfall (approx. 1 km), this difference was less apparent. 

Based on the likelihood of encountering (a) different habitats at different depths  and (b) a temperature 
differential between depths (albeit for potentially short periods of time), it was planned to survey two depths at 
each location. These depths were expected to be at 8 m – 10 m and 15 m – 16 m below chart datum. Surveying 
using a visual census technique at depths shallower than this (i.e. within the infralittoral zone) was considered 
impractical owing to the density of kelp (Laminaria hyperborea) along the shore that would have impeded the 
vision of the surveyors and prevented accurate count data. 

Shallower depths encompassed the lower infralittoral and upper circalittoral zone below the kelp forest where 
temperatures were likely to be higher. The lower depth range was well within the circalittoral zone where algae 
are not present. For reasons of health and safety, diving was limited to 20 m maximum depth below sea level; 
this also permitted a longer dive time (approx. one hour) per survey. Appropriate depths were determined on 
site and corrected to chart datum. 

3.2.1.1 Transects and replicates 

At each site, fish communities were surveyed over 2 x 30 m belt transects. Each transect was 3 - 4 m wide 
depending on visibility. Divers surveyed 1.5 - 2 m to either the left or the right side of the transect line. Each dive 
was planned to take 50 minutes with a maximum time of 60 minutes. Five minutes were taken to survey each 
10 m of seabed. 

3.2.1.2 Number of sites 

The dive team consisted of four divers and was able to survey up to four sites per day, tides and weather 
permitting. In total, seven dive days were completed providing data from 13 stations. Site DV12A was not 
sampled owing to poor visibility.  

Station  = dive locations at set distances from the outfall 
Site   = any dive conducted by a buddy pair at a specified depth at a station 
Transect  = 2 x 30 m belt 

The first dives completed were conducted to allow the divers to familiarise themselves with the methods; data 
from these dives were not included in the final analysis. 
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Figure 3.21 : Locations of the sites surveyed for fish around the cooling water outfall and further afield at Llanbadrig, Llanlliana and Point Lynas on the north Anglesey coast. 
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3.2.1.3 Data analysis 

It was intended to obtain two replicate transects per site and survey station; however, data were not always 
obtained from each site and station, nor for the complete 30 m transect, owing to currents, visibility or available 
time.  

To permit a robust statistical analysis of data, only those sites for which sufficient data were obtained have been 
included. These are clearly outlined in the subsequent section. Data analysis was performed using PRIMER 6™ 
(Clarke and Gorley, 2006).  

3.2.2 Results  

3.2.2.1 Overall 

In total, 23 survey dives were conducted: 14 shallow dives (<12 m) and nine deep dives (>12 m). A summary of 
dive site data, including dates, surveyors, visibility, distance from outfall and position can be found in Appendix 
F. 

In total, 24 fish taxa were recorded (Table 3.6). Not all taxa could be determined to species level owing to 
difficulties identifying certain species, e.g. common and reticulated dragonets (Callionymus lyra and C. 

reticulatus – unless they were males in breeding colours) and gobies of the genus Pomatoschistus.  

The fish taxa identified belonged to 11 taxonomic families. Of these, goby (Gobiidae) was most diverse with 
representatives of five different species as well as the genus Pomatoschistus spp. All species identified are 
known to be common to the north coast of Anglesey. The leopard-spotted goby (Thorogobius ephippiatus) was 
recorded in moderate abundances (n = 62) despite being a crypto-benthic species.  

Five species of wrasse (Labridae) were recorded including goldsinny (Ctenolabrus rupestris), ballan (Labrus 

bergylta) and corkwing wrasse (Symphodus melops), which are all considered common to north European 
waters. Less common species such as rock cook (Centrolabrus exoletus) and cuckoo wrasse (Labrus mixtus) 
were also recorded in lower abundances (n = 5 and 1, respectively). Two species belonging to the cod family 
(Gadidae) were recorded including poor cod, which was one of the most common taxa identified (n = 203), and 
pollack which was recorded in much lower abundance (n = 4).  

All remaining taxonomic families included just one positively identified species with additional individuals 
recorded to a higher taxonomic level (genus or family) in some cases (e.g. Callionymus spp. and codling). Of 
these, dragonets (including reticulated dragonet and Callionymus spp.) and tompot blenny were the most 
commonly recorded (n = 98 and 24, respectively).      

Table 3.6 : Total abundance of fish taxa identified during diver fish surveys along the north Anglesey coast. Taxa that could 

not be identified to species level are shown in bold. 

Common name Scientific name Total abundance 

Gobies Pomatoschistus spp. 1,166 

Poor cod Trisopterus minutus 203 

Goldsinny wrasse Ctenolabrus rupestris 128 

Dragonets Callionymus spp. 90 

Two-spotted goby Gobiusculus flavescens 69 

Leopard-spotted goby Thorogobius ephippiatus 62 

Tompot blenny Parablennius gattorugine 24 

Ballan wrasse Labrus bergylta 20 
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Common name Scientific name Total abundance 

Rock goby Gobius paganellus 17 

Long-spined sea scorpion Taurulus bubalis 11 

Reticulated dragonet Callionymus reticulatus 11 

Corkwing wrasse Symphodus melops 8 

Rock cook wrasse Centrolabrus exoletus 5 

Pollack Pollachius pollachius 4 

Butterfish Pholis gunnellus 3 

Lesser-spotted dogfish Scyliorhinus canicula 3 

Topknot Zeugopterus punctatus 2 

Cuckoo wrasse Labrus mixtus 1 

Black goby Gobius niger 1 

Transparent/crystal goby Aphia minuta/Crystallogobius 

linearis 

1 

Bass Dicentrarchus labrax 1 

Fifteen-spined stickleback Spinachia spinachia 1 

Conger eel Conger conger 1 

Cod Gadus morhua 1 

3.2.2.2 Spatial variation 

Figure 3.22 presents the total abundance of the each taxonomic family recorded at each of the 13 sites 
sampled. The highest numbers of fish overall were recorded from both near the outfall of the Existing Power 
Station and far to the east at Point Lynas (DV5). Total fish numbers at these sites were very high (300 - 500 
individuals) and related to the high numbers of gobies at these sites. High abundances observed at DV5 were 
also due to the many small post-larval fry recorded (approx. 220 individuals); it was not possible to identify 
these fish to species level in situ. 

Gobies were recorded at all sites; Pomatoschistus spp., two-spotted goby and leopard-spotted goby were most 
common at sites around Wylfa Head. A single goby considered either a transparent or crystal goby was also 
recorded here at site DV4.  

Wrasse were recorded at all sites except the site immediately adjacent to the outfall (Outfall A). Wrasse were 
generally more common around Wylfa Head, although reasonably high numbers of goldsinny wrasse (n = 46) 
were recorded at site DV11 near Llanbadrig Head.  

Those taxa identified in low abundance (1> n ≤5) where generally recorded at multiple sites. For example, 
lesser-spotted dogfish were recorded at three sites, two around Wylfa Head (DV2 and DV7) and DV16 at Port 
Lynas. Butterfish were recorded at sites DV8 and DV11 around Llanbadrig and Llanlleiana Head. The single 
occurrences of cuckoo wrasse, black goby (Gobius niger) and conger eel (Conger conger) were recorded at 
sites around Wylfa Head; this is likely due to the concentration of sampling sites here increasing the likelihood 
of recording less common or cryptic species. A single fifteen-spined stickleback was however recorded at 
DV9A; this species is considered to be abundant and widely distributed along the north coast of Anglesey.  
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Figure 3.22 : Total abundance of fish recorded at each site during dive surveys in 2010. Note: data has not been corrected for 

sampling effort.  

To determine whether fish community abundance and composition exhibited statistically significant spatial 
differences, multivariate analysis using PRIMER 6™ was performed.  Not all stations could be included in this 
analysis owing to imbalances in sample replication (e.g. differences in the number of sites, transects and 
replicate 10 m samples taken). Those stations assessed included DV2, DV5, DV6, DV7, DV8, DV11 and DV167. 
These stations were distributed along the north coast of Anglesey from Wylfa Head to Port Lynas and were 
considered sufficient to determine potential spatial patterns in fish communities associated with steep rocky 
habitats. 

Before investigating whether there were any statistically significant differences between stations, the possible 
effects of ‘site’ (i.e. depth) were first explored. A one-way ANOSIM on non-aggregated data (all stations and 
sites as replicates), found that sampling depth had a statistically significant influence on fish communities at 
p < 0.05 (Global R = 0.102, p = 0.023). Differences are visually presented in Figure 3.23. The relatively low 
Global R value suggests a high degree of overlap in the community composition identified at each site.  

A one-way SIMPER identified that shallow water sites were characterised by a higher abundance of gobies 
(Pomatoschistus spp. and two-spotted goby), long-spined sea scorpion and fish fry (indeterminates) but a lower 
abundance of goldsinny wrasse, poor cod, and leopard-spotted goby. Collectively these taxa accounted for 68% 
of the dissimilarity between sites across all stations. Complete statistical outputs can be found in Appendix F.  

Differences between stations were tested using a two-way crossed ANOSIM, which accounted for differences 
between sites. Although overall a statistically significant difference was found between stations (Global R 
=0.469, p = 0.001), pairwise tests did not identify statistically significant differences between particular sites at 
p = 0.05.  

To investigate whether ‘exposure’ (e.g. headland vs. bay) influenced fish communities, a one-way ANOSIM was 
performed. Data was averaged for the two sites at each station to remove the effect of depth. There was no 
                                                      
7 Corrections were made to very small imbalances in sample replication for DV06 and DV08.  
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statistical difference between the fish communities observed at rocky habitats characterised by different 
exposure conditions (Global R = 0.407, p = 0.570).  

 

Figure 3.23 : 2D-MDS plot showing differences in the fish communities observed during dive surveys between different 

stations and sites. 

3.2.2.3 Diversity indices 

Diversity indices were calculated for each site. Species richness (d) is a measure of the number of species 
present, making some allowance for the number of individuals, whilst Pielou’s evenness (J) is a measure of how 
evenly the individuals are distributed among the species. The Shannon diversity score (H’loge) provides a 

measure of species diversity in that its value is increased either by the addition of more unique species or by 
having a greater species evenness.  

A one-way ANOVA identified no significant difference in species richness observed at the 13 sampling sites 
examined above (F = 1.984, p = 0.114). Pielou’s evenness did however exhibit significant differences (F = 
6.302, p = <0.001). Multiple pairwise comparisons (Holm-Sidak method) found this result was primarily driven by 
differences between sites DV02 and DV05, which exhibit lower mean evenness (0.498 and 0.486, respectively), 
than sites DV07, DV08 and DV16 (range: 0.842 – 0.880). Higher evenness indicates a relatively equal 
distribution of abundance among taxa; differences are likely to be driven by the dominance of Pomatoschistus 
spp. and fish fry at both DV2 and DV5. Consequently, there was a significant difference in species diversity 
identified between sites (F = 3.226, p = 0.021), although multiple pairwise comparisons did not identify 
statistically significant differences between particular stations at p = 0.05. 

No significant difference in diversity scores between shallow vs deep transects were identified (species 
richness: F = 0.725, p = 0.402; Pielou’s evenness: F = 0.005, p = 0.946; Shannon diversity: F = 0.402, 
p = 0.531) with the highest diversities occurring in both sheltered bays and exposed headlands.  
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3.2.2.4 Subsequent observations 

Further transect surveys around the outfall were conducted in 2011 and 2012 using in situ diver recording 
techniques, but these used different methods and concentrated on recording the epi-benthic flora and fauna in 
greater detail (Jacobs, 2016c, Application Reference Number: 6.4.87). During these surveys, records were 
made of fish observed, though as fish were not the main objective of the surveys, the records were not as 
quantitative as those presented above. Despite this, the attraction of the outfall for large numbers of fish was 
apparent. Divers observed bass shoaling within 30 m – 100 m of the discharge point (Figure 3.24); large grey 
mullet were also observed, but could not be identified to species level in the turbulent water. The presence of 
bass in the outfall channel has been well known for several decades, but the dive records provide further 
evidence of high abundance close to the discharge point of the Existing Power Station. 

 

Figure 3.24: Video still of bass from a survey transect within 40 m – 50 m of the cooling water outfall at the Existing Power 

Station, July 2012. 

3.3 Discussion of Intertidal Fish Communities  

The compliment of fish species recorded during the 2010 – 2015 sampling programme were all considered to 
be within their biogeographical range, and therefore their presence in intertidal areas along the north coast of 
Anglesey was not unexpected. Clupeids (mainly herring and sprats) were the most abundant taxa recorded in 
seine nets (27,682), followed by sandeel (Ammodytes spp.) (11,958), sand smelt (11,258) and plaice (6,812).  

Intertidal fish communities along the north coast of Anglesey exhibited both seasonal and spatial variability. The 
seasonal pattern in fish abundance is closely linked to changes in seawater temperatures. Fish are generally 
residing within the intertidal areas during the warmer months where there is abundant availability of prey, and 
moving into the deeper subtidal waters for shelter during the colder autumn and winter months. The pattern of 
peak abundance of fish in intertidal areas during the summer was consistent throughout the sampling period.  

Overall, higher abundances of fish were found to be using intertidal areas on the north-east coast of Anglesey; 
this is likely to be owing to the proximity of sampling sites to known spawning and nursery grounds in the 
eastern Irish Sea (Ellis et al., 2012). The lowest abundances of fish were observed along the north-west coast 
of Anglesey with a clear gradient of overall fish abundance evident along the intervening coastline from east to 
west. Species-specific variations in abundance and distribution were however evident; these are believed to be 
linked to life history characteristics and habitat preferences.  

Juvenile sandeel were found to utilise intertidal habitats throughout the spring and summer months. During the 
winter, sandeel stop feeding, burrow 20 cm – 40 cm into the sand and effectively hibernate. The lack of sandeel 
in autumn and winter samples is most likely due to this form of hibernation rather than migration.  

The abundance and size of sandeel utilising intertidal areas during the spring and summer varied considerably 
between sampling sites. Relatively high abundances were recorded at sites both farthest east and west; 
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however, catches to the east were dominated by larger adolescent sandeel (60 mm – 80 mm) whilst an 
increased proportion of small adolescents (40.5 mm – 60.0 mm) were also observed at sites farthest west.  
Smaller adolescents increased in abundance during the summer at the majority of sites, although larger 
adolescent sandeel remained prevalent at sites farthest east.  A number of intertidal sites did not appear to be 
particularly important nursery areas for sandeel; these included Porth-y-pistyll (IF13), areas of Cemaes Bay 
(IF09) and western Cemlyn Bay (IF10).  

Sandeel are a key constituent of marine food chains and are prey to both fish and birds alike. Located at 
Cemlyn Lagoon, on the north coast of Anglesey, is one of the most important tern nesting sites in Wales. This 
nesting site contains large populations of Arctic, Sandwich and common terns, all of which feed on sandeel. The 
peak abundance of sandeel coincides well with the tern-breeding season as it does with several other marine 
bird species found in the local area (Jacobs, 2011b; Jacobs, 2012). 

Similar to the pattern seen with sandeel, the plaice appeared to move offshore in the autumn and, with the 
exception of a few individuals, were not recorded in any significant numbers until spring. Although the greatest 
numbers of plaice were recorded in summer, the smallest fish were found in spring with many individuals less 
than 30 mm in length. The highest abundances were recorded at sites IF11 and IF12, which are located at the 
western edge of a recognised plaice nursery area in Conwy Bay and Liverpool Bay (Figure 3.7). Further west 
along the north Anglesey coast the number of juvenile plaice recorded in intertidal areas declined rapidly, 
although lower abundances were recorded at sites farthest west (IF01 and IF02).  There was a distinct absence 
of plaice (and other flatfish species) at certain sites including Porth-y-pistyll and west Cemaes Bay (IF05); this 
was considered to be linked to substrate type.  

Clupeids also peaked in abundance during the summer within the intertidal habitats. Higher numbers of 
juveniles were recorded at the east coast sites (IF11 and IF12) as well in Porth-y-pistyll (IF13) and certain areas 
of Cemaes Bay (IF09), indicating a preference for these more sheltered sites. Although present in summer 
catches prior to 2013, average abundances increased markedly during this season in subsequent sampling 
years with the significant abundances recorded in 2015 and to a lesser extent 2013.   

Widespread increases in sprat stock have been observed during the sampling period. Annual acoustic surveys 
carried out in the Celtic Sea each October found a year-on-year increase (with a small decline in 2014) in sprat 
biomass, from 5,493 tonnes in 2008 to 83,779 tonnes in 2015 (ICES, 2016). Landings of sprat within the Celtic 
Seas (ICES Subdivision 7.g-k) have shown an increasing trend since the year 2001, and total landings from 
divisions 6 and  7 in 2012, 2013 and 2015 were the highest since 2003, with the 2012 – 2015 average (11,887 
tonnes) nearly double the 2004 – 2011 average (6,726 tonnes) (ICES, 2016). 

Recruitment success and migration of marine fish is known to be influenced strongly by sea temperature. The 
optimal temperature for sprat growth is believed to be around 17.5°C (Frisk et al., 2015). It is likely that, among 
other factors, the generally warmer summertime sea temperatures during 2012 – 2014 increased recruitment 
success for this species, resulting in higher numbers of juvenile fish within intertidal areas.   

Sand smelt were recorded in seine nets predominately during the latter part of the year in the summer through 
to winter. The presence of adults within intertidal areas during the summer suggests that sand smelt are utilising 
inshore areas for spawning. Sand smelt are demersal spawners, known to deposit eggs on seaweeds attached 
to rocky substrates (Bamber et al., 1985). It is therefore unsurprising that the highest abundances of this 
species were observed in Porth-y-pistyll where such habitats are prevalent.  

The emergence of a cohort measuring 35 mm – 50 mm suggests that intertidal areas are also being used as 
nursery grounds. Sand smelt exhibit extremely high growth rates during their first year of life, and therefore it is 
possible to track the growth of the new cohort through the seasons as well as distinguish between different age 
groups. The new cohort was seen to reside within the population until the following summer, showing as 1+ 
group individuals. Very few sand smelt measuring greater than 100 mm standard length were observed in seine 
nets; this suggests movement of adult individuals to deeper waters away from the sampling area. This is also 
likely to explain lower overall abundances during the winter.   
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Sand smelt was recorded at all sampling sites during the sampling period, being particularly abundant in 
Cemaes Bay, western Cemlyn Bay and at sites further west (IF01 and IF02). This suggests that suitable 
habitats for spawning and nurseries are widespread along the north coast of Anglesey.  

Cod and whiting were recorded in low numbers over the survey period (one and three fish in 2010 and 2015 
respectively). Furthermore, no Dover sole were recorded in any of the inshore fish surveys. This is perhaps 
surprising given that the inshore areas of north Anglesey are classified as nursery areas for these species, 
particularly whiting and Dover sole. This suggests that the spatial resolution of data presented by Ellis et al. 
(2012) is perhaps not sufficient to accurately reflect the distribution of nursery grounds close inshore around the 
Isle of Anglesey.   

Dab was regularly recorded in large numbers on the eastern offshore subtidal survey site SF1 (see Section 4). 
In contrast with the other flatfish species, this was the least abundant in the intertidal surveys (n=10) despite the 
productive nurseries at IF11 and IF12 being relatively close to the trawl sampling site SF01. 

Sea trout were recorded on several occasions in Cemaes Bay. The sea trout is listed in Section 7 of the 
Environment (Wales) Act 2016. Sea trout migrates from spawning and juvenile grounds in freshwater as smolt 
to the marine environment. Sea trout may spend up to three years in the sea, preying on abundant food sources 
(such as marine crustaceans and worms, sandeel, sand smelt, sprat and goby species) prior to returning to their 
homing rivers to spawn. The general size of individuals recorded during these surveys (135 mm – 255 mm) 
suggests local recruitment to the marine environment. There is a sea trout run in the Afon Wygyr that flows into 
Cemaes Bay (Cefas, 2010); however, given the migratory nature of sea trout, these specimens may also be 
from adjoining river systems. Cemaes Bay is the only sampling site that experiences a considerable freshwater 
input. In summer 2010, very heavy rainfall coincided with the survey, giving rise to noticeable, turbid, freshwater 
mixing with the sea. It is considered that this high rainfall resulted in the unusual presence of a sea trout parr 
(45 mm) in the bay; the parr appeared in good condition and was returned at the point of capture. 

The presence of smolt throughout the sites around Cemaes Bay each year suggests the habitats within the bay 
provide a suitable feeding area and/or migratory route for the fish as they head out to sea. The record of smolt 
from IF13 in Porth-y-pistyll close to the proposed new Cooling Water intake confirms they use intertidal habitats 
further along the coast than those just limited to within Cemaes Bay.  

In addition to sea trout, five other Section 7 species were recorded. These were cod, whiting, herring, plaice and 
sandeel. Many of the sandeel recorded were not identified to species level in the field owing to the difficulty 
associated with viewing the required anatomical features on such small individuals; however, those speciated in 
the laboratory confirmed the presence of both Ammodytes marinus and A. tobianus, the former being listed 
under Section 7. As well as Ammodytes spp., large numbers of both plaice and herring were recorded in the 
spring and summer months. The importance of the shallow intertidal area as a nursery ground to these species 
is clear from the high numbers recorded, although as demonstrated, the presence of these species is not 
ubiquitous along the coastline.  

The intertidal sampling sites demonstrated a range of aspects in relation to prevailing weather conditions, but 
despite this, ‘exposure’ failed to account statistically for spatial variations in the abundance and assemblage of 
fish using intertidal areas along the north coast of Anglesey. However, when Cemaes Bay was considered in 
isolation, a statistically significant difference was observed between sites characterised by different exposure 
conditions, being driven by variable abundance of common taxa such as sand smelt, clupeids and sandeel at 
‘moderately exposed’ and ‘sheltered’ sites. The absence of any statistical difference between sites in Cemlyn 
Bay (including Porth-y-pistyll) is unsurprising given the complex typography along this region of the coastline, 
with a variety of exposure conditions present at a range of spatial scales. 

Intuitively, it is thought that ‘bed type’ (i.e. substrate) is likely to govern, in part, the species compliment 

observed in intertidal areas. However, differences in the intertidal fish communities recorded along the north 
coast of Anglesey were not found to be statistically attributable to ‘bed type’. This is perhaps unsurprising as 
seine netting is not well suited to rocky habitats, and therefore, despite differences in the surrounding dominant 
bed type, sampling sites would have preferentially selected gentle-sloping areas characterised by muds/sands 
and gravels.  
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The limitations of seine netting were acknowledged within the sampling programme with additional fish traps 
and dive surveys carried out to target rocky habitats specifically. The merit of this approach was demonstrated 
with an additional six and eight species recorded from fish trap and diver surveys, respectively. Species unique 
to the fish traps included bull huss and three-bearded rockling. Conversely, those unique to diver surveys 
included leopard-spotted goby, reticulated dragonet, rock cook wrasse, butterfish (Pholis gunnellus), topknot, 
cuckoo wrasse, black goby and conger eel. Four species were found in both fish trap and diver surveys: 
goldsinny wrasse, poor cod, tompot blenny and rock goby. The absence of all these species within seine nets is 
unsurprising, as they are known to be affiliated with rocky and/or deeper habitats.  

The European lobster was also recorded on a number of occasions with the fish traps demonstrating the value 
of intertidal areas to shellfish species. Further consideration has been given to shellfish communities in 
Section 4. Although fish traps were deployed in a limited number of areas, it is reasonable to conclude that the 
species recorded at Porth-y-pistyll and Porth Wen are unlikely to be unique to these bays. Being common and 
widely distributed, the species recorded in traps are likely to be present all around the north coast of Anglesey in 
association with rocky habitats characterising areas of exposed coastline, rocky bays and marginal areas of the 
larger sandy bays.  

Results from diver surveys indicated there was little difference in the marine reef fish species around the outfall 
of the Existing Power Station compared with the rest of the coast. The main differences observed were the 
higher numbers of gobies, poor cod and other juvenile gadoids (as well as the large numbers of bass and mullet 
observed in 2012) within 300 m of the outfall compared with other sites. Bass is a Lusitanian species, often 
attracted to warmer waters, so their presence in the outfall channel is not surprising; many coastal power 
stations in the UK have bass nursery areas designated around their outfalls (e.g. Bradwell, Kingsnorth, Fawley, 
Heysham, Aberthaw and Pembroke). The higher numbers of gobies and juvenile fish around the outfall at the 
Existing Power Station might also play a role in attracting the bass to feed on them and/or on further food items 
discharged following entrainment through the station’s Cooling Water System. 

The warmer water and constant currents in this area most likely provide a suitable habitat for feeding and 
increased growth (Langford, 1990). High numbers (albeit lower than at the outfall) of gobies and juveniles at site 
DV5 (around Port Lynas) suggest that the outfall site is not entirely unique in this respect; strong tidal currents 
at Point Lynas may also play a role providing a productive feeding area for fish. The other bays surveyed away 
from the outfall (Llanbadrig, Llanlliana and Point Lynas) all had the same north-west-facing aspect and were 
also very silted, so they should be considered characteristic of this coastline. All these bays had very similar fish 
communities. 

The results of the three survey techniques (seine netting, fish traps and diver surveys) demonstrate the 
importance of adopting a multi-method approach to characterise intertidal fish communities from a variety of 
habitats. Impingement surveys carried out on-site at the Existing Power Station between March 2011 and July 
2012 also provide a useful means of sampling juveniles and adults within inshore areas (Jacobs, 2016a, 
Application Reference Number: 6.4.92). Although it is acknowledged that this sampling methodology may 
provide a biased picture of fish communities, targeting those species utilising habitats within the immediate 
vicinity of the Power Station and that are susceptible to impingement, they provide valuable data, which can be 
used to supplement data collected within the wider study area. A table showing the presence/absence of all fish 
species recorded during the fish survey programme, including those recorded in the intertidal and impingement 
surveys, is presented in Appendix D. 

Of all the taxa recorded during intertidal fish surveys (seine, fish traps and diving), only two have not been 
recorded on-site at the Existing Power Station; these include black goby and topknot. Conversely, examination 
of the impingement species list shows that, of the taxa expected to reside in intertidal areas, nearly all have 
been reported during either the seine, fish trap and/or diver fish surveys. The only exceptions are seasnails 
(Liparidae), which are commonly found among rocks, pipefish species, including Nilsson’s (Syngnathus 

rostellatus), and snake (Entelurus aequoreus), which are typically associated with seaweeds. The high level of 
consistency between the impingement and intertidal fish datasets confirms that, despite differences in temporal 
and spatial resolution, both sufficiently characterise the compliment of intertidal fish species present along the 
north coast of Anglesey.  
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Overall, the data suggest that spatial differences in the core intertidal fish communities around the north 
Anglesey coast were considerable, being driven primarily by proximity of sites to spawning and nursery grounds 
in the eastern Irish Sea (Ellis et al., 2012). Variations in the intertidal fish communities within large bays are 
likely to be attributed, in part, to differences in exposure conditions (as demonstrated by Cemaes Bay). Although 
substrate type is likely to play a contributing role in determining intertidal fish communities along the north coast 
of Anglesey, in isolation it was not found to represent a significant driver of statistical differences. Therefore, 
whilst the presence of large sandy bays interspersed with rocky coastline gives the impression of significant 
differences in habitat type along the north coast of Anglesey, the relative consistency in which rocky outcrops 
are found adjacent to sandy substrates suggests that this region of coastline supports a broadly consistent 
intertidal fish community.  

The survey programme has confirmed the presence of inshore nursery areas for sandeel and plaice, and to a 
lesser extent sand smelt. For plaice, this is primarily located up to 24 km east of the Wylfa Newydd 
Development Area, with abundances declining markedly further towards the east. Sandeel nursery areas 
appear to be affiliated with sandy bays along the north coast of Anglesey and therefore represent a more patchy 
distribution. Nursery areas of sand smelt also exhibit a patchy distribution, being associated with vegetated 
rocky areas.  

Other species recorded that are commercially exploited include brill, turbot, pollack (Pollachius pollachius) and 
bass. The reasonable abundance of juvenile brill (n=37) and particularly turbot (n=171) at the sites farthest east 
located up to 15 km from the Wylfa Newydd Development Area, shows the role of these intertidal habitats as 
nurseries. 

Analysis of the feeding guilds showed that the majority of the fish caught each season during intertidal fish 
surveys was made up of zooplanktivorous feeders such as sandeel, sand smelt and clupeids. The exception to 
this was summer 2012, which was dominated by benthic feeders (contributing nearly 70%), mostly plaice. The 
plaice showed a distinct increase in abundance in 2012 and 2013 when compared with 2010 and 2011, with 
more than 1,000 recorded in each of the spring and summer sampling occasions in 2012 and more than 2,000 
in summer 2013; only 224 were recorded in summer 2014 and 145 in 2015.  

Over the entire survey duration, a total of 19 taxa exhibited a benthic feeding strategy compared with 11 
zooplanktivorous, 12 piscivorous and three detrivorous taxa. The spatial data showed a similar trend with a 
numerical dominance of zooplanktivorous taxa followed by benthic feeders in all survey areas (Figure 3.20). 
The percentage composition of detritivores and piscivores varied both seasonally and annually, though these 
were largely minor constituents of the community (Figure 3.19). A notable exception occurred on the western 
sites in 2012 with more than 20% composed by piscivores, consisting mainly of turbot with some brill.  

This survey work has, over five years, added to the understanding of the fish community using the shallow, 
intertidal zones around north Anglesey. For the most part, species were represented by juveniles (e.g. plaice, 
herring, sprat) or small-bodied species (e.g. sandeel, gobies, pogge, stickleback); however, a few large adult 
fish were caught (e.g. mullet and bass). The fish traps and dive surveys to sample fish in different habitats 
supplemented the seine netting. It should be noted that these surveys are part of the much wider fish study, 
described in other sections, using several techniques to sample further species and life stages. These results 
have been discussed collectively in Section 5. 
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4. Subtidal Fish and Shellfish Communities 
4.1 Methodology 

Subtidal surveys were carried out on a quarterly basis between spring (April) 2010 and autumn (November) 
2014 to identify temporal and spatial variations in subtidal fish and shellfish communities.  

Samples were collected at five sites (see Figure 4.1 and Appendix A for site locations). These included: 

 site SF01 was located some 25 km to the east of Wylfa Head, just north of Red Wharf Bay;  

 sites SF02 and SF03 were located 2 km to the east (north of Cemaes Bay) and north-west of Wylfa Head, 
respectively; 

 site SF04 was located 5 km to the north-east of Point Lynas; and  

 site SF05 approximately 10 km to the south of The Skerries in Church Bay. 

Site locations were informed by detailed analysis of side-scan sonar data (Titan, 2010) and examination of 
Admiralty Charts. From autumn 2013, it was not possible to obtain fishing dispensation for site SF01 due to its 
location within a European Marine Site (Menai Strait and Conwy Bay SAC). For this reason, no trawling was 
carried out at this site for the remainder of the survey programme (November 2013 – November 2014). Sites 
SF04 and SF05 were added to the sampling programme in autumn 2013. The proximity of SF02 to the shore 
prevented otter trawling; beam trawling was carried out at this site only. The full survey programme, including 
sampling dates, can be found in Appendix A.  

Otter trawling was used to collect quantitative data of demersal species and some pelagic species. The otter 
trawl consisted of a cone-shaped net comprising of four panels, closed by a cod-end. The trawl was kept open 
horizontally by two otter boards, and the mouth of the trawl was framed by a headline with floats to open the 
trawl vertically. A weighted ground rope equipped with rubber discs was used to shield the lower margin of the 
net mouth from ground damage. The otter net deployed was a small, scientific trawl with a 4 mm cod-end mesh. 
Trawling was undertaken at 2.5 – 3.5 knots over the ground for 10 – 15 minutes. 

Beam trawls are used for sampling demersal species, targeting demersal fish and shellfish. The beam trawl 
deployed was a standard, scientific beam trawl consisting of a 1.8 m – 2.0 m metal beam with two triangular 
shoes fitted (one to each end) that act as runners, forming an aperture 1.7 m – 2.0 m wide and approximately 
0.5 m high. The net was 4.5 m long with a 10 mm mesh and a 5 mm knotless cod-end. Trawling was 
undertaken at approximately two knots over the fishing ground for 10 minutes.  

The positional track of each trawl was recorded using GPS in WGS84 datum.  

Throughout the survey area, the seabed is characterised predominantly by hard substrate with areas of rough 
ground filled with cobbles and boulders. Consequently, owing to the risk of damage to trawling equipment and 
the risk to health and safety of vessel and crew, trawling was not always possible at all the desired locations. 
Five replicates were obtained from each site with each trawl type, although prevailing weather conditions and/or 
other unpredictable factors during the surveys sometimes prevented all five replicates from being obtained, or 
prevented a site from being sampled altogether.



 

 

 

Figure 4.1 : Locations of the subtidal otter and beam trawl surveys around north Anglesey. 
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4.1.1 Sample processing 

All organisms were transferred to a covered container of seawater as quickly as possible. The catch was sorted 
and processed at each site upon collection of all replicate samples. All fish were identified to the lowest 
taxonomic resolution possible, enumerated and measured to the nearest 5 mm (standard length) size class. 
Where identification of a specimen was ambiguous, identification keys such as Maitland and Herdson (2009) 
were used and photographs of key features (e.g. fin ray counts, fin alignment and scale counts) taken for later 
confirmation. Occasionally, smaller specimens (particularly gobies and lesser sandeel) were retained for 
identification at the laboratory. Shellfish were enumerated only. Once processed, all organisms were returned to 
the water. 

4.1.2 Data analysis  

4.1.2.1 Catch per unit effort (CPUE) 

Otter and beam trawl catch data were collated for each survey between spring 2010 and autumn 2014. Trawls 
were carried out for approximately 10 minutes each, although the length of each trawl varied owing to 
differences in the sea bed type and/or tidal currents. However, the proximity of SF02 to the shore prevented 
trawls of much greater than seven minutes. The length of each individual trawl track was used to calculate the 
number of each fish species sampled per 100 m trawled for otter trawls and the number of each species 
sampled per 100 m2 trawled for beam trawls; this provided relative abundances to compare each trawl known 
as ‘catch per unit effort’ (CPUE). 

The statistical analysis of subtidal fish data was carried out using PRIMER 6™ (Clarke and Gorley, 2006). 
Owing to the different fishing efficiencies of each net type, otter trawl catches were only ever compared with 
other otter trawl catches, and likewise for beam trawls. Comparisons of the temporal and spatial datasets were 
carried out using the mean CPUE values. Further explanation of the statistical terms methods used is provided 
in Appendix B.  

4.1.2.2 Feeding guilds 

Feeding guilds were used to determine the ecological behaviours and feeding types of the fish species recorded 
from the subtidal trawls; these are outlined in further detail in Appendix E. 

4.2 Results 

4.2.1 Overall 

Between spring 2010 and autumn 2014, 68,233 fish were caught in the subtidal fish surveys in otter and beam 
trawls. A minimum taxa richness of 75 was recorded from all the subtidal trawls (otter and beam). However, 
certain taxa groups could represent several species found in the trawls; therefore, the actual number of species 
may be higher (Table 4.1).Large fluctuations were seen in the total number of taxa caught in a survey season, 
from S = 16 in November 2014 to S = 38 in August 2013, and between sites (S = 4 to S = 27) over the various 
sampling occasions.  

The 2014-survey programme recorded three species not previously found during the trawling: fifteen-spined 
stickleback, Norwegian topknot and sand smelt. In recent years (2014 and 2015), sand smelt has been 
recorded in large numbers from the intertidal fishing programme around the north coast of Anglesey (see 
Section 3.1).  

Six species of fish were recorded in all seasons and years: common dragonet, dab, lesser-spotted dogfish 
(Scyliorhinus canicula), plaice, poor cod and whiting. Up until summer 2014, cod had been recorded from every 
survey period; however, no individuals were found in summer or autumn 2014. The most abundant species 
were dab and whiting, which represented approximately 47% and 33% respectively of all catch during the 
survey programme.  
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Table 4.1 : The total abundance of each fish taxa recorded from subtidal surveys (beam and otter trawls combined) from April 

2010 to November 2014.  Taxa that could not be identified to species level are shown in bold.   

Common name Species name Abundance in subtidal trawls 

Dab Limanda limanda 31,622 

Whiting Merlangius merlangus   22,518 

Lesser-spotted dogfish Scyliorhinus canicula 2,653 

Plaice Pleuronectes platessa 2,296 

Sprat Sprattus sprattus 2,241 

Poor cod Trisopterus minutus 1,905 

Common dragonet Callionymus lyra 1,125 

Herring Clupea harengus 990 

Pogge Agonus cataphractus 310 

Bib Trisopterus luscus 261 

Red gurnard Chelidonichthys cuculus 237 

Thornback ray Raja clavata 207 

Cod Gadus morhua 187 

Greater sandeel Hyperoplus lanceolatus 174 

Sand goby Pomatoschistus minutus 149 

Gobiidae Gobiidae 148 

Lesser weever Echiichthys vipera 108 

Starry smoothhound Mustelus asterias 99 

Spotted ray Raja montagui 72 

Seasnail family Liparidae 71 

Cod family  Gadidae 63 

Grey gurnard Eutrigla gurnardus 60 

Greater pipefish Syngnathus acus 57 

Lesser sandeel Ammodytes tobianus 54 

Lozano's goby Pomatoschistus lozanoi 51 

Painted goby Pomatoschistus pictus 39 

Haddock Melanogrammus aeglefinus 38 

Bull Huss Scyliorhinus stellaris 36 

Transparent goby Aphia minuta 34 

Five-bearded rockling Ciliata mustela 32 

Sandeel genus8 Ammodytes spp. 32 

                                                      
8 It was not possible to speciate the genus Ammodytes spp. in the field; however, individuals checked in the lab confirmed the presence of both               

A. tobianus and A. marinus. 
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Common name Species name Abundance in subtidal trawls 

Blonde ray Raja brachyura 28 

Scaldfish Arnoglossus laterna 28 

Mackerel Scomber scombrus 26 

Tub gurnard Chelidonichthys lucernus 25 

Thickback sole Microchirus variegatus 22 

Flounder Platichthys flesus 19 

Herring family  Clupeidae 18 

Dover sole Solea solea 

 

15 

Reticulated dragonet Callionymus reticulatus 13 

John Dory Zeus faber 13 

Long-spined sea scorpion Taurulus bubalis 13 

Smooth hound Mustelus mustelus 13 

Sand smelt Atherina presbyter 11 

Solenette Buglossidium luteum 11 

Lemon sole Microstomus kitt 9 

Brill Scophthalmus rhombus 8 

Short-spined sea scorpion Myoxocephalus scorpius 8 

Megrim Lepidorhombus whiffiagonis 7 

Short-snouted seahorse Hippocampus hippocampus 7 

Worm pipefish Nerophis lumbriciformis 

Pholis gunnellus 

7 

Butterfish Pholis gunnellus 6 

Anglerfish Lophius piscatorius 5 

Lumpsucker Cyclopterus lumpus 4 

Nilsson's pipefish Syngnathus rostellatus 4 

Bass Dicentrarchus labrax 3 

Common goby Pomatoschistus microps 3 

Common stingray Dasyatis pastinaca 3 

Indeterminate - 3 

Three-bearded rockling Gaidropsarus vulgaris 2 

Clingfish Gobiesocidae spp. 2 

Goldsinny wrasse Ctenolabrus rupestris 2 

Montagu's seasnail Liparis montagui 2 

Pollack Pollachius pollachius 2 
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Common name Species name Abundance in subtidal trawls 

Tope Galeorhinus galeus 2 

Spurdog Squalus acanthias 2 

Fifteen-spined stickleback Spinachia spinachia 1 

Two-spotted  clingfish Diplecogaster bimaculata 1 

Common seasnail Liparis liparis 1 

Corkwing wrasse Symphodus melops 1 

Norwegian topknot Phrynorhombus norvegicus 1 

Scad/Horse mackerel Trachurus trachurus 1 

Sea scorpion family Cottidae 1 

Small eyed ray Raja microocellata 1 

Snake pipefish Entelurus aequoreus 1 

Striped red mullet Mullus surmeletus 1 

Tadpole fish Raniceps raninus 1 

Topknot Zeugopterus punctatus 1 

Turbot Psetta maxima 1 

Blue Whiting Micromesistius poutassou 1 

4.2.2 Trawl type 

In total, 54 fish taxa were recorded from beam trawls over the study period, while 62 were taken by otter trawls; 
43 taxa were common to both trawl types. Not surprisingly, the beam trawl catches were characterised by 
benthic species living in close association with the seabed, such as flatfish, rays, rocklings and clingfish 
(Gobiesocidae spp.). The otter trawl sampled a greater diversity of pelagic species, such as sprat and herring, 
and demersal species such as whiting, haddock and cod. 

4.2.3 Temporal variation 

In 2011, 2013 and 2014, the number of fish taxa showed an increase over the course of the year until autumn, 
when the number fell (Figure 4.2). During 2010, the highest number of taxa was recorded in autumn (n = 31). In 
2011, 2013 and 2014, the highest number of taxa was in summer, whilst in 2012 the highest taxa number was 
recorded in spring. The lowest number of taxa over the whole survey was recorded in autumn 2014 (n = 16). 

 



Fish Survey Report  

 

 
60PO8007/AQE/REP/003 77 

 

Figure 4.2 : Number of taxa recorded in each sampling season between spring 2010 and autumn 2014. 

For the years 2012 and 2013, the total annual abundances were comparable (n = 17,014 and 16,339 
respectively), though in 2011 fish abundance was noticeably higher (n = 26,705).  The removal of SF01 from the 
programme clearly affected the overall numbers of fish caught, with consistently low catches recorded 
throughout 2014.  

In terms of total fish abundance, 2011 and 2012 showed peak abundances in the spring sampling period 
(n = 11,169 and 9,832 respectively) (Figure 4.3); however, in 2010 peak abundance was recorded in autumn 
(n = 3,076) and in 2013 and 2014 during the summer (n = 10,203 and n = 981 respectively). Low fish numbers 
were generally recorded in autumn and winter periods, the major exception being November 2011 (n = 7,640).  
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Figure 4.3 : Total numbers of fish caught by beam and otter trawl between spring 2010 and autumn 2014.  

Total CPUE values recorded at each site for both beam and otter trawls showed no clear seasonal patterns 
between 2010 and 2014 (Figure 4.4). Similarly, there was no evident seasonal pattern in CPUE over the survey 
area as a whole. However, for both trawling techniques CPUE was considerably higher at SF01 (Red Wharf 
Bay) than at other sites, sometimes by over an order of magnitude. Otter CPUE values were also consistently 
higher than beam CPUE at all sites during all survey periods, except SF03 (Wylfa Head) in February 2012 when 
CPUE was low for both trawl types. It is evident that statistical differences between seasons overall are not 
being driven by a consistent pattern of dominant taxa.  
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Figure 4.4 : Catch per unit effort (CPUE) for otter (▲) and beam trawls (♦) and the number of taxa recorded (blue bar) at each site between spring (May) 2010 and autumn (Nov) 2014. Note that the CPUE scale is an order of magnitude larger at SF01. 
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An analysis of the beam and otter trawl data (CPUE) using two-way crossed ANOSIM identified a statistically 
significant difference in fish assemblage observed between seasons across all sites (beam trawls, Global 
R = 0.107, p = 0.013; otter trawls, Global R = 0.136, p = 0.001).  The low Global R-values however indicated 
that, despite this, there was considerable overlap in species assemblages observed during each season. MDS 
plots of the data, showing strong overlapping of all the seasons, provide further evidence of this (Figure 4.5). 
The stress value of the seasonal MDS plot is not small (0.23), indicating that the two-dimensional ordination 
could be useful at a high level, but too much reliance should not be placed in the detail of the plot. 

The removal of SF01 from the survey programme in 2014 gave a notable reduction in fish abundance. For this 
reason, a two-way crossed ANOSIM using ‘year’ and ‘site’ as factors was carried out on the beam and otter 

trawl data. No significant difference in catch composition was identified between years (across all sites) (beam 
trawls, R=0.032, p>0.05; otter trawls, R=0.023, p>0.05).  This indicated that the cease in trawling at SF01 did 
not result in a notably different catch composition over the remainder of the programme.  

The CPUE of the six most abundant taxa (whiting, dab, plaice, sprat, lesser-spotted dogfish and herring) did not 
show clear temporal trends in catch over the survey period (spring 2010 to autumn 2014) (Figure 4.6). However, 
prior to 2014, plaice, dab and lesser-spotted dogfish all recorded the highest catch in spring, the exception 
being for dab in 2013 when the highest numbers were recorded in summer.  In 2014, the highest catch of plaice 
was recorded in winter and lesser-spotted dogfish in summer; catches of dab were low across all seasons, 
although this is likely to be because no samples were obtained from SF01 during this year. 

In 2010, 2012 and 2013, the highest CPUE of sprat and herring were seen in the winter/spring. Herring 
exhibited a similar seasonal pattern, but the abundance of sprat in this year was found to be greatest in the 
autumn. In 2014, peak abundance of herring and sprat occurred later in the year, in summer and autumn 
respectively. The maximum catch of whiting in any given year varied considerably, with all seasons except 
spring recording the highest CPUE in any given sampling year.  It is therefore evident that within subtidal fish 
communities, seasonal shifts in peak abundance, most likely in response to temperature and prey availability 
cues, occur. 
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Figure 4.5: Two-dimensional MDS plots for the subtidal fish communities sampled by beam trawl (A) and otter trawl (B), off 

north Anglesey between spring 2010 and autumn 2014 with seasons as factors. To allow a clear pictorial representation using 

an MDS plot, two sampling occasions (SF04, summer 2011 and SF04, autumn 2012) were removed from the beam trawl 

analyses. The absence of any fish caught at these sites during these sampling occasions skewed the data, forcing all other 

samples together.
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Figure 4.6 : Catch per unit effort (CPUE) of the six most abundant taxa in each sampling season off the north Anglesey coast using otter trawling. Note that whiting and dab have greater y-axis values.  
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4.2.4 Spatial variation 

A two-way ANOSIM test indicated statistically significant differences in the abundance and community 
composition of fish recorded in beam trawl catches (CPUE) between sites (across all seasons) (Global 
R = 0.300, p = 0.001). Otter trawl catches exhibited a similar result (Global R = 0.519, p = 0.001), although the 
higher Global-R value suggests a greater degree of spatial separation.  

Pairwise comparisons from beam and otter trawls showed that overall statistical differences were primarily 
driven by differences between site SF01 (Red Wharf Bay) and all other sites (Table 4.2). This is highlighted by 
the MDS plots (Figure 4.7A and Figure 4.7B), which showed clustering of SF01 to one side of the plot and some 
overlapping between the other sites. Pairwise comparisons from the otter trawls also showed reasonable 
differences between the SF04 community and each of SF03 (off Wylfa Head) and SF05 (The Skerries in Church 
Bay) (Table 4.2), whilst a strong similarity (differences not statistically significant at p = 0.05) was apparent 
between the community at SF03 and SF05. In contrast, small statistically significant differences were observed 
between beam trawl data from sites SF03 and SF05 as well as SF04 and SF05. 

Table 4.2 : ANOSIM pairwise comparisons between CPUE data for beam and otter trawls at each site. R values and p 

(significance) are shown. No otter trawling was carried out at SF02. Statistically significant results at p<0.05 are marked with **. 

Site comparison 

Beam Otter 

R-value Significance, p R-value Significance, p 

SF01, SF02 0.752 0.001** -   -  

SF01, SF03 0.741 0.001** 0.773 0.001** 

SF01, SF04 0.546 0.001** 0.783 0.001** 

SF01, SF05 0.698 0.001** 0.847 0.001** 

SF02, SF03 0.079 0.15 -  -  

SF02, SF04 0.012 0.42 -  -  

SF02, SF05 0.152 0.06 -  -  

SF03, SF04 -0.004 0.49 0.372 0.003** 

SF03, SF05 0.188 0.02** 0.075 0.21 

SF04, SF05 0.191 0.02** 0.541 0.001** 
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Figure 4.7 : Two-dimensional MDS plots for the subtidal fish communities sampled by beam trawl (A) and otter trawl (B) off 

north Anglesey between spring 2010 and autumn 2014 with sites as factors.  

Beam and otter trawl data for each site underwent SIMPER analysis (see Appendix B) to identify those species 
which characterised the communities at each site, and also to determine those species which caused the 
differences described above.  
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A two-way SIMPER analysis of beam trawl data showed that differences between site SF01 and all other sites 
were driven by a higher abundance of dab, whiting, common dragonet and plaice but a lower abundance of 
poor cod at SF01. Cumulatively, these taxa accounted for between 79% and 80% of dissimilarity between these 
sites. Differences between SF03 off Wylfa Head and SF05 to the west in Church Bay were driven by a higher 
abundance of whiting, poor cod and lesser-spotted dogfish at SF03 but a lower abundance of sandeel, dab and 
plaice.  Cumulatively, these taxa accounted for 59% of the dissimilarity between beam trawl catches at these 
two sites. The lower abundance of poor cod, common dragonet and dab at site SF05 compared to SF04 
accounted for 37% of the dissimilarity between these two sites, with the higher abundance of whiting at SF05 
contributing a further 13%.  

As might be expected, whiting featured more heavily in otter trawls compared to the beam trawls. The higher 
abundances of whiting, dab and sprat observed at SF01 in Red Wharf Bay were responsible for driving 
statistical differences, accounting for up to 87% of dissimilarity between this and all other sites. Differences 
between SF04 and each of SF03 and SF05 were driven by a higher abundance of whiting, poor cod and 
lesser-spotted dogfish but a lower abundance of sprat at site SF04. Cumulatively, these taxa accounted for 75% 
and 76% of dissimilarity between SF04 and each of SF03 and SF05, respectively. 

4.2.5 Dominant species 

4.2.5.1 Dab 

Throughout the study period, dab represented approximately 47% of all fish caught in terms of abundance, with 
a total of 31,622 individuals recorded. More than 75% of the dab caught were from otter trawling, and almost 
99% recorded from SF01 in Red Wharf Bay.  

Analysis of the CPUE data demonstrated the strong contribution of otter trawling to dab recorded (Figure 4.8). 
The influence of SF01 on dab catch is highlighted by the plots, the absence of any notable catch in 2014 being 
linked to the absence of trawling at this site.  

From the length-frequency data for dab, SF01 showed two clear cohorts in spring, this being also observed at 
SF05 farthest east, although a much smaller cohort was observed at the latter site (Figure 4.9). Although many 
more dab were caught at SF01 than the other sites, these were rarely below 50 mm, in contrast to the other 
sites which recorded a much greater percentage of dab below 50 mm in length, particularly SF05. The paucity 
of numbers recorded from the remaining sites did not provide reliable conclusions on cohort presence of dab. 
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Figure 4.8 : Mean CPUE of dab from spring 2010 to autumn 2014: i) at different sampling sites, ii) in different seasons and iii) in different seasons and years. * Note beam trawl CPUE is x 10. Note that 

no sampling was carried out at SF01, one of the most productive sites for dab, in 2014.
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Figure 4.9 : Length-frequency for dab caught at each site pooled over the study period (spring 2010 to autumn 2014). The y-axes values differ for SF01 to accommodate the consistently greater catches. 
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4.2.5.2 Whiting 

Throughout the study period, whiting represented 33% of all fish caught with a total of 22,518 individuals 
recorded; approximately 95% of these from otter trawls. Prior to 2014, the majority (>88%) of all whiting caught 
in the otter trawls were from SF01 while for beam trawls, >75% of all whiting were taken at SF01; these patterns 
being reflected in the CPUE for both trawl methods (Figure 4.10).  

Seasonal patterns in whiting showed a large variation in catch, year-on-year. The highest mean CPUE for any 
one season was recorded in summer 2013 and, overall, the summer sampling periods recorded the highest 
mean CPUE. Unlike the otter trawling, the mean CPUE for the beam trawling was highest during the winter 
sampling. In 2014, the winter sampling data was generally comparable with previous years, yet the remainder of 
2014 showed considerably lower values for otter trawls, specifically, but also, to a lesser extent, for beam trawls, 
when compared to the seasons of previous years. This is however, again likely to be because no sampling was 
carried out at SF01 in 2014.  

Length-frequency data for whiting showed two cohorts in summer and autumn at SF01 in Red Wharf Bay 
(Figure 4.11). The scarcity of whiting caught at SF02 in Cemaes Bay (not graphically presented) and, to a lesser 
extent, SF03 off Wylfa Head precluded suitable length-frequency analysis; however, two cohorts can be seen in 
autumn at SF03 and, like SF05, some recruitment of juveniles was observed in spring and summer. In 2014, the 
highest whiting CPUE was recorded at SF04 off point Lynas; a similar number of cohorts in each season was 
seen at this site compared to SF01, though these were over a greater size range. Similarities between SF04 
and SF01 are unsurprising given their proximity to one another on the north-east coast of Anglesey.  

Between the sites, there was a discernible difference in length range of whiting: almost all individuals measured 
at SF01 were in the size range 50 - 250 mm, whereas many whiting were over 250 mm at both SF04 to the 
north and SF05, with some also below 50 mm at the latter site. 
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Figure 4.10 : Mean CPUE of fish caught off the north Anglesey coast from spring 2010 to autumn 2014: i) per site, ii) by season and iii) per season by year. * Note beam trawl CPUE is x 10. Note that 

no sampling was carried out at SF01, one of the most productive sites for whiting, in 2014. 

0

5

10

15

20

25

30

Otter Beam Beam Otter Beam Otter Beam Otter Beam

SF01 SF02* SF03 SF04 SF05

C
PU

E

(i) Mean CPUE* per site

0

2

4

6

8

10

12

14

16

Winter Spring Summer Autumn

C
PU

E

(ii) Mean CPUE* by season

0

5

10

15

20

25

30

S
pr

in
g

S
um

m
er

A
ut

um
n

W
in

te
r

S
pr

in
g

S
um

m
er

A
ut

um
n

W
in

te
r

S
pr

in
g

S
um

m
er

A
ut

um
n

W
in

te
r

S
pr

in
g

S
um

m
er

A
ut

um
n

W
in

te
r

S
pr

in
g

S
um

m
er

A
ut

um
n

2010 2011 2012 2013 2014

C
PU

E

(iii) Mean CPUE* per season by year

Otter trawl 

Beam trawl (*CPUE x 10) 



Fish Survey Report  

 

 
60PO8007/AQE/REP/003   90 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.11 : Length-frequency for whiting caught at each site pooled over the study period (spring 2010 to autumn 2014). The y-axis values differ for SF01 to accommodate the consistently greater catches. 
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4.2.6 Feeding guild 

Over the survey programme, benthic feeders largely dominated the catch from the beam trawl with values often 
exceeding 60% of the total catch (Figure 4.12). However, in autumn 2012 and 2013 along with winter 2013 and 
2014, the proportion of piscivorous species was greater, this as a result of the high abundance of whiting.  

Species such as dab, poor cod, common dragonet, pogge (Agonus cataphractus) and bib (Trisopterus luscus), 
contributed heavily to the beam catch; all are benthic feeders (see Figure 4.12). Zooplankton feeders such as 
sprat and sandeel consistently represented less than 10% of the feeding community from beam trawl catches. 

 

        

Figure 4.12 : Seasonal feeding guild composition of fish caught during beam (i) and otter (ii) trawling off the north Anglesey 

coast from spring 2010 to autumn 2014. See Appendix E for details on guilds. 

Throughout most of 2010 and 2011, piscivores was the dominant feeding guild in otter trawl catches, with 
dominance primarily related to numbers of whiting. However, in winter 2011 zooplankton feeders, primarily 
sprat, made up the dominant feeding guild. These zooplankton feeders also made up a noticeable proportion of 
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the catch in November 2012 and February 2013, and were the second most dominant guild after benthic 
feeders, in summer and autumn 2014. During 2012, 2013 and 2014, benthic feeders generally represented a 
higher proportion of catches than was recorded in the previous two years (Figure 4.12), a pattern evidently 
driven by the numbers of dab caught. However, in 2014 the benthic feeders caught were largely composed of 
poor cod, plaice and lesser-spotted dogfish.  

During the study period, no consistent seasonal pattern was evident in the feeding guild proportions in either 
beam or otter trawl catches. 

4.2.7 Shellfish 

A number of shellfish species were recorded in beam trawls including queen scallop (Aequipecten opercularis), 
king scallop (Pecten maximus), prawns (Palaemon serratus), shrimps (all other superfamilies within the 
infraorder Caridea), edible crabs (Cancer pagurus), ‘other crab species’ and whelks (Figure 4.13). Shellfish 
were not specifically targeted by trawling and therefore the following data should be considered 
semi-quantitative, providing an indication of spatial patterns of abundance. 

Overall, shrimp was the most abundant shellfish caught during subtidal beam trawl surveys, with 4,734 
individuals recorded from beam trawls between April 2010 and November 2014.  This was followed by ‘other 

crabs’ (n = 649), queen scallop (n = 459), prawns (n = 144) and whelk (n = 117). Comparatively few edible crab 
(n = 41) and king scallops (n = 7) were recorded during the survey programme.  

Shellfish CPUE per 100 m2 at each of the five sampling sites is presented in Figure 4.13. The highest CPUE of 
shrimp (1.15 per 100 m2) was recorded at site SF03, located offshore, north-west of Wylfa Head. Comparatively 
high catches were reported at the sites further east (0.72 – 0.99 per 100 m2) whilst the lowest CPUE was 
recorded at site SF05, located 10 km to the south of The Skerries in Church Bay. The majority of queen 
scallops sampled were taken from SF04 located 5 km to the north-east of Point Lynas; CPUE at all other sites 
was low (≤0.02 per 100 m2). King scallops were only recorded at site SF01 and SF02 located to the east of the 
Wylfa Newydd Development Area, albeit in low abundances (CPUE<0.01 per 100 m2).  

Edible crab was recorded at all sites, with the highest CPUE recorded at SF03 (0.01 per 100 m2). Other crab 
species were recorded in higher abundances with the highest CPUE value of 0.02 per 100 m2 recorded at both 
SF01 and SF02. The highest CPUE for whelk was recorded at SF01 (0.07 per 100 m2).  Wider abundances of 
crab are likely to be higher than those indicated from the survey results owing to their preference for rocky 
habitats, which are not targeted by beam trawling. 
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Figure 4.13 : Average CPUE (per 100m2) of seven invertebrate taxa recorded in beam trawl samples at five sites between April 

2010 and November 2014. Note the y-axis is on a log-scale.  

4.2.8 Species of conservation and commercial importance 

Several species were recorded in the trawls that are represented on the Section 7 list of principal importance in 
Wales under the Environment (Wales) Act 2016. These species were spurdog (Squalus acanthias), tope 
(Galeorhinus galeus), cod, whiting, Dover sole, plaice, herring, scad/horse mackerel (Trachurus trachurus), 
mackerel, anglerfish (Lophius piscatorius), Raitt’s sandeel, blonde ray (Raja brachyura) and the thornback ray 
(Raja clavata). Many of these were recorded infrequently; however, throughout the programme whiting and, to a 
lesser degree, plaice and herring made up a regular and notable proportion of the catch. 

Of the elasmobranchs, by far the most commonly caught of those species listed on Section 7 were thornback 
rays, these being recorded from every survey period except autumn 2013, although in reasonably low 
abundances.  

The UK Biodiversity Action Plan ‘UK BAP Grouped Commercial Plan’ features species of national commercial 

importance, and although mackerel and Dover sole are both listed, only cod, whiting, herring and plaice were 
caught in any reasonable numbers over the survey programme, whiting being by far the most numerous. No 
clear patterns in catch were seen for the gadoids (cod and whiting); however, the CPUE of herring was notably 
greater in winter and spring, whilst plaice consistently recorded the highest annual catch during the spring 
(Figure 4.6) 

As demonstrated in Section 4.2.7, the highest abundances of commercial shellfish including scallop and, to a 
lesser extent, whelk were observed to the north-east of the Wylfa Newydd Development Area (SF01 and SF04).  
The only shellfish species of conservation importance (listed under Section 7) recorded during the subtidal 
sampling programme was native oyster, Ostrea edulis. Only 12 individuals were recorded between 2010 and 
2014, occurring at sites to the north (SF02 and SF03) and north-east (SF04) of the Wylfa Newydd Development 
Area.   
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4.3 Comparison to Published Literature 

4.3.1 Distribution of inshore nursery areas, Ellis et al. (2012) 

Ellis et al. (2012) provide a spatial description of the nursery grounds around the UK for species of commercial 
and/or conservation importance including cod, Dover sole, whiting, plaice, herring and sandeel. Of the species 
examined, all except herring are known to use inshore areas around North Anglesey as nursery grounds, 
although for sandeel and plaice, this area and the wider eastern Irish Sea is only classified as a low intensity 
nursery (Ellis et al. (2012). Inshore areas around north Anglesey and the south-eastern Irish Sea are, however, 
classified as a high intensity nursery area for whiting and Dover sole according to Ellis et al. (2012). These 
figures have been discussed in further detail within the subsequent section.  

Figure 4.14 to Figure 4.17 outlines the location of nursery grounds for plaice, herring, whiting and Dover sole.  
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Figure 4.14 : Plaice nursery ground 
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Figure 4.15 : Herring nursery 
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Figure 4.16 : Whiting nursery 
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Figure 4.17 : Dover sole nursery 
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4.3.2 Irish Sea beam and otter trawl data, Centre for Environment, Fisheries and Aquaculture 
Science (Cefas) (Parker-Humphreys, 2004; Armstrong et al., 2013) 

A number of survey programmes have been undertaken in the Irish Sea to assess the abundance and species 
composition of pelagic and demersal fish communities, the results of which have been published. This 
information can be used in conjunction with results derived from subtidal surveys reported in Section 4.2.1 to 
further characterise subtidal fish communities around the north coast of Anglesey and within the wider sea area.  

Between 1993 and 2001, Cefas carried out beam trawling in the Irish Sea (ICES division VIIa) 
(Parker-Humphreys, 2004). Amongst the sites surveyed, three were in proximity of Anglesey: one south of Holy 
Island, one north of Red Wharf Bay and one off Point Lynas. Annual roundfish surveys using a combination of 
semi-pelagic trawling or otter trawling were also carried out between 2004 and 2010 as part of a collaborative 
project between the fishing industry and Cefas (Armstrong et al., 2013).  

Parker-Humphreys (2004) recorded more than 100 species of marine fish across the Irish Sea between 1993 
and 2001 whilst Armstrong et al. (2013) identified 56 species. The species that contributed to the top 90% of all 
fish sampled during each study are presented in Table 4.3 and Table 4.4. Comparative results from the subtidal 
surveys carried out by Jacobs between April 2010 and November 2014 have also been presented. 

Table 4.3 : A comparison between the dominant demersal fish species sampled (in terms of percentage contribution to overall 

abundance) by Parker-Humphreys (2004) in the Irish Sea between 1993 and 2001 and the results of Jacobs subtidal fish 

surveys (beam trawls) carried out between 2010 and 2014.  Only those species which contributed to 90% of the overall 

abundance of fish sampled are presented.  

Parker-Humphreys (2004)- Irish Sea Jacobs beam trawl surveys- north coast of Anglesey 

Species Percentage contribution to 
total abundance 

Species Percentage contribution to 
total abundance 

Dab 28.0% Dab 62.2% 

Plaice 16.6% Whiting 10.3% 

Solenette 11.7% Poor cod 5.1% 

Common dragonet 7.6% Common dragonet 4.9% 

Poor cod 7.0% Plaice 4.4% 

Whiting 4.4% Lesser-spotted dogfish 3.0% 

Dover sole 4.3% Pogge 1.3% 

Grey gurnard 3.0% Sand goby 1.0% 

Parker Humphreys (2004) found dab and plaice to be the most numerically dominant demersal fish species in 
the Irish Sea representing 28.0% and 16.6% of all fish sampled between 1993 and 2001, respectively (Table 
4.3). Catches of both species were confined to coastal waters along the east coast of Ireland and within the 
eastern Irish Sea (Parker-Humphreys, 2004). The results of beam trawl surveys along the north coast of 
Anglesey between 2010 and 2014 were consistent with the findings of Parker-Humphreys (2004); the higher 
percentage contribution of dab (62.2%) at SF01 being indicative of known nursery grounds located in Red 
Wharf Bay within the vicinity of this site. The highest catches of plaice overall were also observed at SF01 
although the lower percentage contribution of this species (4.4%) suggests that juvenile and adult plaice are not 
utilising coastal waters around the north coast of Anglesey in any significant abundance compared to 
populations elsewhere. 

Dab are largely absent from the central Irish Sea and plaice has only been recorded in low abundances 
between 1993 and 2001 (<50 fish per site) (Parker-Humphreys, 2004). Consideration of this and the 
comparatively low catches of dab and plaice at sites located westwards of Red Wharf Bay suggest that these 
species are unlikely to form an important component of demersal fish assemblages within the vicinity of the 
Disposal Site.  

Within the wider Irish Sea, plaice and dab have also been found to dominate otter trawl catches, contributing 
33.4% and 19.8% to the total abundance recorded (Armstrong et al., 2013). This demonstrates the importance 
of the wider Irish Sea for these two species. Comparative catches of these two species during Jacobs surveys 
mirror patterns observed from beam trawling (Table 4.3 and Table 4.4), the explanation of which also remains 
consistent.  



 

 

The relative contribution to overall abundance of common dragonet and poor cod was reasonably consistent 
across the two studies (Table 4.3). Poor cod are widely distributed throughout the central Irish Sea with 
common dragonet abundant in the eastern Irish Sea and in coastal waters around north Wales 
(Parker-Humphreys, 2004). Consequently, both species are likely to be key components of demersal fish 
assemblages within the vicinity of the Disposal Site. 

The contribution of whiting to total beam trawl catches along the north coast of Anglesey was over double that 
reported by Parker-Humphreys (2004) (Table 4.3). Whiting are present throughout the Irish Sea, being 
particularly abundant in coastal waters known to be high intensity nursery grounds off the east coast of Ireland 
and in the eastern Irish Sea (Ellis et al., 2012). The results of the beam trawling sampling programme carried 
out around the north coast of Anglesey between 2010 and 2014 (described in more detail in Section 4.2.4) 
confirmed the importance of this area as a nursery ground for whiting. However, the low catches reported at 
SF02 (and in otter trawls at SF03), suggests that inshore waters within the vicinity of Wylfa Newydd 
Development Area are less important than areas farther east and west. Nursery grounds for whiting are known 
to extend offshore to water depths of up to 460 m (Ellis et al., 2012). Owing to the proximity of the Disposal Site 
to known nursery grounds, it is likely that whiting is a common component of demersal fish assemblages within 
this area.  

As expected, whiting was recorded in much higher abundances in otter trawls (Table 4.4) compared with beam 
trawling (Table 4.3). Whiting were found to be particularly dominant inshore around the north coast of Anglesey 
(as determined by Jacobs otter trawl surveys) compared to populations within the wider Irish Sea.  

The remaining demersal species known to dominate beam trawl catches within the Irish Sea varied between the 
two studies with lesser-spotted dogfish, pogge and sand goby (Pomatoschistus minutus) common around the 
north coast of Anglesey (Table 4.3). Despite being abundant elsewhere in the Irish Sea, very few solenette 
(Buglossidium luteum), Dover sole and grey gurnard were recorded in beam trawls around the north coast of 
Anglesey between 2010 and 2014, with the abundance of each species only representing 0.1% of total catches.  

The results of the present study brings into question the classification of inshore coastal waters around the north 
coast of Anglesey as a high intensity nursery ground for Dover sole (Ellis et al., 2012). Historically, primary 
Dover sole nurseries have been found off the north Wales coast at Rhyl, in Morecambe Bay and in the Solway 
Firth (Riley et al., 1986). The original nursery ground proposed by Coull et al. (1998) did not include the north 
coast of Anglesey, and its subsequent inclusion by Ellis et al. (2012) was acknowledged as intending to 
incorporate what are considered to be “secondary nursery grounds”. In any case, the low abundance of Dover 
sole in both beam and otter trawls provides strong evidence to suggest that inshore coastal waters within the 
vicinity of the Wylfa Newydd Development Area is not an important primary or secondary nursery ground for 
Dover sole. This is corroborated by the findings of Rogers (1994) which demonstrated that juvenile Dover sole 
do not disperse greatly from primary nursery grounds (unlike plaice), preferring to remain on inshore nursery 
grounds until after their first winter.  This suggests that Dover sole is unlikely to represent a key component of 
demersal fish assemblages within the vicinity of the Disposal Site. 

Armstrong et al. (2013) found grey gurnard, herring and flounder to be a reasonably important component of 
subtidal fish communities. However, inshore around the north coast of Anglesey, a slightly different species 
complement dominated catches. Jacobs’ otter trawl surveys found lesser-spotted dogfish, sprat (Sprattus 

sprattus) and poor cod to be reasonably prevalent. These differences between the two studies is not 
unexpected; around the British Isles, lesser-spotted dogfish are known to be more common in waters <150 m 
deep, although they are found up to depths of 300 m (Ellis et al., 2005). This species utilise shallow coastal 
waters for feeding and spawning (Ellis and Shackley, 1997). Poor cod are also known to be a common 
component of coastal fish communities, utilising inshore areas as nursery grounds and feeding further offshore 
(Rogers et al., 1998).  

In recent years, the abundance of sprat, a Lusitanian clupeid species, has increased in the Irish Sea. Biomass 
determined by annual acoustic surveys carried out during September was predicted to be 367,100 tonnes in 
2014, which represented the second highest in the time series (1994 – 2014), the highest being recorded in 
2002 (405,100 tonnes) (ICES, 2016). Disparity between the two studies is likely to reflect the timing of sampling 
with subtidal otter trawl surveys around the coast of Anglesey capturing a period of good recruitment (e.g. 
2014).  

Considering the water depth at the Disposal Site, lesser-spotted dogfish, sprat, herring, grey gurnard and poor 
cod are all expected to be present in this area, although in much lower abundances than that observed inshore 
within coastal waters around the north coast of Anglesey and wider Irish Sea.  



 

 

Table 4.4 : A comparison between the dominant demersal and pelagic fish species sampled (in terms of abundance) by 

Armstrong et al. (2013) in the Irish Sea in 2010 and the results of Jacobs subtidal fish surveys (otter trawls) carried out 

between 2010 and 2014. Only those species making up at least 90% of the total abundance of fish sampled are presented.  

Armstrong et al. (2013) Jacobs otter trawl surveys 

Species Percentage contribution to 
total abundance 

Species Percentage contribution to 
total abundance 

Plaice 33.4% Dab 43.2% 

Dab 19.8% Whiting 37.5% 

Whiting 15.9% Lesser-spotted dogfish 4.1% 

Grey gurnard 8.4% Sprat 3.9% 

Herring  7.3% Plaice 3.2% 

Flounder 5.2% Poor cod 2.3% 

It is important to note that sandeel species represented 0.24% of the overall abundance of fish recorded from 
beam trawl surveys in the Irish Sea between 1993 and 2003 (Parker-Humphreys, 2004). These individuals 
sampled equated to 0.004 tonnes. As expected, this taxon was not recorded in semi-pelagic otter trawls 
(Armstrong et al., 2013). The Disposal Site is characterised by the presence of hard rocky substrates, and 
therefore, whilst sandeel may venture into the area, they are unlikely to form a significant or permanent 
component of fish assemblages.  

4.3.3 Impingement monitoring data, Existing Power Station (Spencer, 1990) 

Spencer (1990) reported 66 species from an impingement-monitoring programme at the Existing Power Station 
between September 1985 and September 1987. The most common species sampled was sprat, sand smelt, 
poor cod and dragonet with abundances varying both seasonally and annually. Lesser-spotted dogfish 
represented the last proportion of total biomass, although catches were dominated by fish <30 cm, with much 
larger specimens caught only occasionally. These results have been discussed further within Section 5.  

4.3.4 Commercial fishing and landings data, Irish Sea (Marine Management Organisation, 2015; 
FishMap Môn, 2014) 

The broad range of seabed and resulting habitats found along the Anglesey coastline support diverse fish and 
shellfish assemblages with various species being commercially exploited by local fishermen (NRW, 2010).  The 
distribution and intensity of commercial fishing activity provides further evidence of the distribution and 
abundance of certain fish and shellfish species in coastal waters around Anglesey.   

The inshore fleet on Anglesey employs mainly static gear such as bottom set gill nets to target demersal finfish, 
and pots to target lobster, crab, prawn and whelk (NRW, 2010).  Light beam and otter trawling occurs inshore to 
the north-east of Anglesey in Red Wharf Bay and Liverpool Bay as well as off the south-west coast of Holyhead. 
Beyond approximately 2 km from the coastline, king and queen scallop are targeted by dredging and beyond 
11 km, heavy commercial beam and otter trawling occurs (NRW, 2010).  

Shellfish including king scallop, queen scallop, whelk (Buccinum undatum) and lobster (Homarus gammarus) 
and crabs are by far the most important commercial species constituting the main resources for many fishermen 
operating on the island (Walmsley and Pawson, 2007). On average, scallops accounted for over 70.0% of total 
landings at Cemaes, Amlwch and Holyhead (2,658 tonnes) between 2010 and 2014. Whelk and lobster for a 
further 28.5% (1,081 tonnes), 0.5% (17 tonnes), respectively (MMO, 2015).  

Haddock, skates and rays represented the most important finfish although collectively, these only accounted for 
on average 0.5% of total landings between 2010 and 2014, with plaice and Dover sole each contributing a 
further 0.1%. Other species known to be landed include: anglerfish, cod, brill, Norway lobster, common prawns, 
turbot, gurnards, lemon sole, whiting, megrim, dab, lesser-spotted dogfish, pollack, conger eel, common ling, 
octopus, bib, bass, squid, mackerel, saithe and flounder. On average, each of these species accounted for less 
than 0.1% (≤ 1 tonne) of landings between 2010 and 2014. 



 

 

Table 4.5 : Key species landed into Holyhead, Cemaes Bay and Amlwch, average from 2010 - 2014 by all vessels (MMO, 2015). 

All remaining taxa represented less than 0.1% to total average catches.  

Taxa Live weight landed (tonnes) % total 

Scallop 2,658 70.0% 

Whelk 1,081 28.5% 

Lobster 17 0.5% 

Haddock 10 0.3% 

Skates and rays 8 0.2% 

Crab 7 0.2% 

Plaice 4 0.1% 

Dover sole 3 0.1% 

Comparison to landings from ICES rectangle 35E5 which encompasses the coastal waters around Anglesey, 
including the Wylfa Newydd Development Area and Disposal Site, suggests that the majority of landings into 
Holyhead, Cemaes Bay and Amlwch are derived from fishing areas further afield.  For example, only 23% and 
63% of annual scallop and whelk landings into the Isle of Anglesey were caught within ICES rectangle 35E5. In 
addition, landings of haddock into the Isle of Anglesey (10 tonnes on average between 2010 and 2014) were 
found to be entirely caught in waters further offshore outside of ICES rectangle 35E5.   

Table 4.6 : Key species landed from ICES rectangle 35E5, average from 2010-2014 by all UK vessels (MMO, 2015).  

Taxa Live weight landed (tonnes) % total 

Whelk 693 49.7% 

Scallop 677 48.4% 

Lobster 15 1.1% 

Crab 6 0.4% 

Plaice 2 0.1% 

Dover sole 1 0.1% 

Comparison of these fishing statistics confirms that the coastal waters around the north coast of Anglesey do 
not support significant abundances of commercial finfish species, with fishing activities for these species 
primarily occurring further offshore.  

Although commercial shellfish fisheries operate around the coast of Anglesey (Figure 4.19, Figure 4.20 and 
Figure 4.21), a large proportion of landings into ports on the island (Holyhead, Cemaes and Amlwch) are caught 
further afield. For scallop, this is likely to be due to the presence of an exclusion zone 1 nm (1.9 km) from the 
coast, which prohibits scallop dredging inshore; this includes the Wylfa Newydd Development Area and 
surrounding coastal waters (Figure 4.18). Additional restrictions prevent vessels over 12 m in length from fishing 
within 6 nm (11.1 km) of the shore.  The Disposal Site is located outside of 1 nm but largely within 6 nm; despite 
this Figure 4.19 and Figure 4.20 shows that no commercial fishing for scallops is operating in or around the 
Disposal Site.  

Within the coastal waters around north-east Anglesey, it is clear that king scallops are targeted infrequently with 
a large proportion of the commercial fishery occurring outside the 6 nm zone. Slightly higher intensity dredging 
occurs east of Amlwch within the 6 nm limit by vessels <12 m long (Figure 4.19). Queen scallops are almost 
exclusively fished outside 6 nm, again infrequently off north-eastern Anglesey (Figure 4.20). Commercial potting 
for whelks, lobster and crab is known to occur both within the Wylfa Newydd Development Area and the 
Disposal Site although the intensity is considered to be low (<2 pots lifted and dropped per hectare per day). 
Furthermore the area of commercial potting activity encompassed by the Wylfa Newydd Development Area and 
Disposal Site is small representing small percentage of wider fishing grounds.  

The disparity between the fishing statistics presented in Table 4.5 and Table 4.6 for commercial shellfish taxa 
suggests that whilst productive, local populations (i.e. within ICES rectangle 35E5) are perhaps not as large as 
populations within the wider eastern Irish Sea (e.g. scallop fishery in Cardigan Bay).



 

 

 

Figure 4.18 : Scallop no take zone (FishMap Môn, 2014). 

  



 

 

 

 

 
 

Figure 4.19: King scallop dredging activity relative to the Wylfa Newydd Development Area and the Disposal Site (FishMap Môn, 2014). 

  



 

 

 

 

Figure 4.20: Queen scallop dredging activity relative to the Wylfa Newydd Development Area and the Disposal Site (FishMap Môn, 2014) 

 

  



 

 

 

Figure 4.21 : Whelk, lobster and crab commercial potting 

[Figure to be inserted at PDF stage] 
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4.4 Discussion of Subtidal Fish and Shellfish Communities 

The subtidal fish programme covers almost five years of consecutive trawling surveys along the north coastline 
of Anglesey. Over this period, 75 discrete fish taxa have been recorded and approximately 68,000 individuals 
caught. Cefas surveys in the wider Irish Sea recorded more than 105 species of fish (Parker-Humphrey, 2004; 
Armstrong et al., 2013). The results of the Cefas survey suggest that around 60% of all species recorded in the 
Irish Sea have also been found along the relatively shallow coastline of north Anglesey, during this baseline 
study.  

The trawling surveys at SF02, 03 and 05 are considered to be the first dedicated scientific surveys to have been 
conducted along the inshore north Anglesey coastline, though scientific trawling has been carried out at SF01 
(Red Wharf Bay) on the north-east coast and further offshore at SF04 (off Point Lynas). The rocky nature of the 
seabed makes trawling challenging around Wylfa Head and this area is not commercially fished with any towed 
gears. Despite the inherent difficulties of fishing the rough ground, the five trawling sites identified have 
generally allowed trawling to take place, providing an insight to the fish assemblages present in this region.   

By the end of 2014, this survey had been carried out on 19 separate sampling occasions, covering the seasons 
from spring 2010 to autumn 2014. Despite this timescale, new species to the subtidal fish survey and even to 
the wider fish survey programme (i.e. intertidal, ichthyoplankton, diving and entrainment surveys) were still 
being recorded toward the end of the survey programme. For example, in 2014, three fish species caught were 
new to the subtidal survey programme: the fifteen-spined stickleback, sand smelt and Norwegian topknot. 
These species have all been recorded on other fish surveys although the latter is particularly uncommon.  

Sand smelt make up a high proportion of the intertidal catch each year and, although the sand smelt is 
associated with very shallow waters, it is rather surprising that it has not been recorded before on the trawling 
surveys or by Cefas surveys (Parker-Humphrey, 2004; Armstrong et al., 2013). The prior absence of what is 
considered a ubiquitous and abundant species in these waters, clearly demonstrates the importance of using a 
wide range of fish surveying methods, ensuring that the varied fish assemblages around north Anglesey are all 
targeted. Similarly, using two different trawls allowed both benthic and demersal fish assemblages to be 
targeted, the otter trawl even catching a number of pelagic species (e.g. herring and sprat). The beam trawl 
catches were usually dominated by benthic feeders such as poor cod, common dragonet and, at least prior to 
2014, significant numbers of dab. This contrasted considerably with the dominance of piscivores, principally 
whiting, in most of the otter trawls. Targeting of these groups was further highlighted, as many fish were only 
recorded using one of the trawling techniques: 16% of all taxa caught by the beam trawl (n=54) and 30% of the 
total taxa caught by the otter trawl (n=62).  

Despite the marked reduction in overall dab numbers during the 2014 survey, clearly a consequence of 
dropping site SF01, a dominance of benthic feeders was seen in the beam trawls and, more notably, in the otter 
trawls; the latter method historically recording a higher proportion of piscivorous feeders in most sampling 
periods. Observed changes in the dominant feeding guilds sampled by otter trawling in 2014 were primarily 
driven by a decline in whiting although again, this is likely to be due to the absence of data from SF01.  

Comparison of the trawling sites showed that SF01 was particularly diverse: of the 14 sampling occasions at 
SF01 (this site was not trawled from autumn 2013 to the end of 2014) half recorded 20 taxa or more. By 
contrast, only one other site (SF05- south of The Skerries in Church Bay) recorded more than 20 taxa although 
this only occurred on only one sampling occasion (summer 2011). Despite the comparative taxa richness of 
SF01, during 2014 when no trawling was carried out at this site, the combined taxa richness of the other sites 
was generally comparable season-on-season to previous years. Statistical analysis of the beam and otter trawl 
data by ANOSIM showed clear differences between the SF01 fish community and all other fishing sites, these 
being primarily driven by the differing abundances of dab (specifically with the beam trawl) and whiting with the 
demersal fishing gear. The only other notable dissimilarity identified was between beam trawl catches from 
SF05, SF03 and SF04, this principally being a result of whiting and poor cod abundances.   

The site SF01 lies partly within an SAC and experiences little in the way of commercial trawling, though fishing 
for research purposes has been carried out by Bangor University. From the examination of benthic invertebrate 
fauna collected at the fish survey sites, it is believed that the seabed at SF01 is considerably more 
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heterogeneous than the other sites, with large clumps of upright fauna (e.g. the octocoral Alcyonium digitatum) 
often being present in the trawls. Fish and their juveniles to shelter from currents or predators can potentially 
use upright structures. Auster et al. (1997) and Tupper and Boutilier (1995) showed that juvenile cod are more 
likely to avoid predation in structurally complex habitats, leading to better rates of survival. However, though a 
number of studies have found a positive correlation between increase in structural complexity and fish species 
diversity (e.g. Carpenter et al., 1982), this is less clear for fish abundance (Carpenter et al., 1982; Roberts and 
Ormond, 1987). From the analyses carried out in this survey, the identified differences between sites were 
largely based on abundances of common species rather than different fish assemblages (Section 4.2.4).  

Other major environmental differences noted at the survey sites include their varying exposure to prevailing 
winds and the degree of water current experienced. Anglesey is well known for its strong tides, and along the 
north coast, the current regularly exceeds four knots. Currents, though strong, are less so at SF01 and SF04, 
and unlike the other sites SF01 is also relatively sheltered from the prevailing south-westerly winds. Whilst, in 
contrast to SF01, the site at Church Bay (SF05) has the greatest level of exposure to the prevailing winds, the 
exposure and shallow depth of the site (<20 m) no doubt giving rise to a much more dynamic environment on 
the seabed than seen at SF01. However, despite the perceived differences in the physical environment at the 
sites, the fish communities were generally similar, the key exceptions being SF01 and to a much lesser extent 
SF04.  

Nevertheless, a close look at the data revealed that certain species were only recorded from one or two sites 
throughout the survey programme. For example, lemon sole (Microstomus kitt) were recorded each year from 
2010 to 2013 but only from SF04, three-bearded rockling only from SF03, whilst scaldfish (Arnoglossus laterna) 
were found most years but only at SF01 and SF04.   

Ellis et al. (2012) classified inshore coastal waters around the north coast of Anglesey as a high intensity 
nursery ground for Dover sole. Subtidal trawl surveys along with published literature and evidence from other 
fish surveys (see Section 3) has demonstrated this not to be the case. Consequently, Dover sole, which is of 
both conservational and commercial importance, is not considered a key species characterising fish 
communities along the north coast of Anglesey, including the Wylfa Newydd Development Area and Disposal 
Site.  

Cod is a boreal species that has exhibited a detectable shift in distribution to more northerly and deeper waters 
as far back as the 1920s (Drinkwater, 2006). Consequently, abundances at its southern most distribution have 
demonstrated a notable decline. Relatively few cod were recorded in subtidal surveys around the north coast of 
Anglesey between 2010 and 2014 (0.3% of overall otter and beam trawl catches), a result consistent with the 
findings of Armstrong et al. (2013) (cod contributed only 0.6% to the overall abundance of fish recorded from 
pelagic trawl surveys in 2010). It is therefore questionable whether juvenile cod are using inshore coastal waters 
around the north coast of Anglesey in sufficient abundance to warrant its classification as a low intensity nursery 
grounds as defined by Ellis et al. (2012). Irrespective of this, cod, which is of both conservational and 
commercial importance, remains a notable although not dominant species characterising fish communities 
within and around the Wylfa Newydd Development Area and Disposal Site. 

The highest abundances of herring within the subtidal surveys was recorded to the east in Red Wharf Bay and 
off Point Lynas, as well as to the west, at SF05 (south of The Skerries in Church Bay); at intervening sites 
around Wylfa Head, abundances were lower. The distribution of this pelagic species is likely to be linked to the 
prevalence of strong tidal current around Wylfa Head, with juveniles in particular, preferring to remain further 
inshore in the more sheltered inlets and bays (see Section 4). Therefore whilst herring, which is of both 
conservational and commercial importance, is considered a key species characterising wider fish communities 
along the north coast of Anglesey (particularly to the east and inshore), it is not considered to represent a key 
species characterising subtidal fish communities within the Wylfa Newydd Development Area. Considering the 
presence of herring in Church Bay, the behaviour of this species (e.g. shoaling and highly migratory) and its 
wider abundance within the Irish Sea (Armstrong et al., 2013), it is likely to be a key species characterising fish 
communities at the Disposal Site. 

Overall, sandeel abundance within subtidal areas (as determined by beam trawling) was low; individuals were 
recorded most often and in the highest abundance at site SF05. This bentho-pelagic species prefers to bury into 
sediments where the weight fraction of the fine particles silt/clay and very fine sand (particles<0.09mm) is less 
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than 10% (Wright et al., 2000). Their presence along the north-west coast of Anglesey is therefore unsurprising 
given the prevalence of large sandy bays. The comparatively low and sporadic abundance of sandeel at all 
other subtidal sites suggests that substrates in these regions are not suitable or extensive enough to support 
significant populations. Sandeel has however been recorded in significant abundance within intertidal areas but 
only at selected sites (e.g. Red Wharf Bay, Cemaes Bay, site IF03 in Cemlyn Bay and sites farthest west), with 
distribution likely being driven by substrate type (see Section 4).  Whilst sandeel is undoubtedly a key species 
characterising wider fish communities along the north coast of Anglesey (particularly inshore within sandy bay 
and inlets), owing to the presence of hard rocky substrates,  it is not considered to represent a key species 
characterising subtidal fish communities within the Wylfa Newydd Development Area and the Disposal Site. 

The area encompassing site SF01 (Red Wharf Bay) has long been considered an important nursery ground for 
dab, plaice and whiting, with known spawning of dab and plaice occurring off Great Orme Head, 15 km to the 
north-east of Red Wharf Bay (Macer, 1967; Bolle et al., 1994; Ellis et al., 2012). This nursery ground explains 
the high quantities of fish caught at SF01, the majority of which constituted juveniles. 

The prevalence of plaice in subtidal trawls at site SF01 and within the intertidal seine nets at sites IF11 and IF12 
confirms the presence of a low intensity nursery ground in the eastern Irish Sea (Ellis et al., 2012). However, the 
marked decline in abundance at intertidal and subtidal sites further west of Red Wharf Bay, suggests that this 
area delineates the westward boundary of these nursery grounds.  Abundances were comparatively low at all 
other intertidal and subtidal sites, especially around Wylfa Head and the adjoining coastline (i.e. in and around 
the Wylfa Newydd Development Area) which is to be expected as this area is characterised by hard rocky 
substrates not suitable for use as plaice nursery grounds. Therefore whilst plaice, which is of both 
conservational and commercial importance, is considered a key species characterising wider fish communities 
along the north coast of Anglesey (particularly in the large shallow sandy bays), it is not considered to represent 
a key species characterising subtidal fish communities within the Wylfa Newydd Development Area and 
Disposal Site.  

Overall, subtidal fish communities around the north coast of Anglesey are dominated by whiting and dab; the 
former being of commercial importance. Observations of the whiting and dab length-frequency data found 
differences in the population structure of these species between sites and seasons. Whiting spawn between 
February and June, with peak spawning in February to March (Cefas, 2009), as temperatures begin to rise. 
Growth in whiting is highly variable, particularly in their first year where growth is especially fast. Within the first 
year, whiting may grow up to 250 mm (mean length 180-190 mm) in the central Irish Sea. Growth then slows to 
approximately 50 mm per year until seven years of age when growth slows considerably further. First-spawning 
most frequently occurs during year two, once the fish are above 200 mm in length (Bowers, 1954). 

Two clear cohorts of whiting were recorded from SF01 during summer in the approximate ranges 50 to 150 mm 
and 150 to 220 mm (considered 0+ and 1+ age respectively). It is thought that those less than 150 mm 
represent recent recruits to the nursery, possibly after migration from spawning areas to the west. The site SF05 
was the only site to record individuals less than 50 mm in reasonable numbers (spring and summer survey 
periods) and it is thought that these recently settled individuals may form the nursery recruits at the more 
sheltered SF01.   

Habitat selection in young whiting has been observed in the literature with younger fish preferring shallower 
sites with a perceived migration to deeper waters of larger fish. Anecdotal evidence exists of the movement of 
smaller fish offshore from September onward (Bowers, 1954). Indeed, the length-frequency distributions of the 
whiting sampled throughout the study period show clear habitat selection by fish of different age classes (Figure 
4.11). Juvenile 0+ whiting appear to be resident year-round at site SF01, whilst the majority of larger fish, over 
220 mm, frequented sites SF04 and SF05; the whiting at the latter site consisted of approximately half the 
population in this size category.  

The general presence of comparatively large whiting at SF05 appears to contradict the accepted idea that larger 
individuals prefer deeper water. Although clear that the high seasonal CPUE values in spring to autumn were 
driven by SF01 catch, the winter CPUE for 2014 (otter and beam) was comparable to previous winter seasons 
and notably greater than both 2011 and 2013. This highlights the important contribution of SF04 and SF05 to 
the whiting catch: both these sites recording whiting in reasonably high numbers.   
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Multiple cohorts of dab were only visible during spring and then only observed at SF01 and SF05. The limited 
numbers of dab caught elsewhere during the survey programme prevented any meaningful interpretation of 
their size range. The two cohorts seen in spring at SF01 could represent the year classes 0+ and 1+ whilst the 
small size (<50 mm) of those dab recorded at SF05 in spring indicates the presence of recently settled 
individuals. As seen with whiting, the presence of recently settled dab at SF05 indicated that this site’s exposure 

to the prevailing wind may be the result of ichthyoplanktonic movement from higher-intensity spawning areas in 
the Irish Sea (e.g. Cardigan Bay). These newly settled individuals may eventually form part of the nursery at 
SF01, supplemented by those dab migrating from known spawning areas to the north-east of Anglesey (e.g. 
Liverpool Bay (Fox et al., 1997)). In 2014, the drop in dab catch was particularly noticeable with dab 
abundances at the remaining sites (SF02-05) often in single figures, yet again highlighting the contribution of 
SF01 in previous years.  

Knowing the influence SF01 has had on fish abundance and richness historically (Figure 4.4 and Figure 4.4), it 
might be expected that the fish data from 2014 would show clear differences between other years, yet this was 
not found to be the case. Instead, a considerable overlap in catch composition was observed between each 
year (Section 4.2.3). Similarly, a strong overlap in fish composition recorded from the beam and otter trawling 
was shown between seasons, indicating only very minor differences in the seasonal composition. With the 
exception of a few species, such as tope, the fish caught did not appear wholly seasonal instead being largely 
resident all year round; however, trends in population abundance of several species did show some seasonal 
patterns. The highest numbers of dab, plaice and lesser-spotted dogfish were in the spring and, though high 
numbers of dab were recorded in summer 2013, these were considerably less than those recorded in spring 
2011 and 2012 were. It is possible that the prolonged winter weather in 2013 may have delayed the spawning of 
dab in early spring, giving rise to the higher CPUE during summer 2013, as during the course of the programme 
dab numbers were generally highest in spring and lowest in autumn and winter. Dab are known to migrate 
seasonally between spawning and feeding grounds (Rijnsdorp et al., 1992), and it is, therefore, not unexpected 
to see a regular drop in numbers as autumn approaches. 

Whiting patterns were less clear, as might be expected from a more mobile species, with each season recording 
the highest annual catch at least once over the five years. The catch of whiting in summer 2013 yielded the 
highest seasonal CPUE across all years, and it is thought that 2013 may have represented a good year for this 
species. Furthermore, the whiting CPUE in autumn 2013 was higher than autumn 2012 even though no trawling 
was carried out at SF01. The patterns of whiting abundance over the survey programme emphasise well the 
often stochastic variability in fish populations and therefore catch composition.  

Whiting is clearly a key species characterising wider fish communities along the north coast of Anglesey, 
particularly in Red Wharf Bay and to the west in Church Bay; abundances however, were much lower in the 
intervening subtidal areas. Nonetheless, due to the highly mobile nature of this species (being bentho-pelagic 
and migratory), whiting is considered to represent a significant component of subtidal fish communities within 
the Wylfa Newydd Development Area and Disposal Site. Given the overwhelming dominance of dab in Red 
Wharf Bay, this species is a key component of subtidal fish communities within this area; however, the 
extremely low abundances observed elsewhere along the coastline suggests that dab does not represent a key 
component of subtidal fish communities within the wider area, including the Wylfa Newydd Development Area 
and Disposal Site.   

Whilst no dedicated fish surveys were carried out within the immediate vicinity of the Disposal Site, inferences 
can be made drawing upon survey results within the wider area, published literature and an understanding of 
the movement and habitat preferences of difference fish species. With this in mind, it is expected that fish 
communities in the Disposal Site would be dominated by pelagic species such as sprat and herring; 
bentho-pelagic species such as poor cod, whiting and other gadoids species; and demersal species such as 
lesser-spotted dogfish, common dragonet and perhaps species such as pogge. Those species, which are highly 
unlikely to be present in significant abundance, include flatfish species (e.g. dab, plaice and Dover sole) and 
sandeel. This is primarily owing to the presence of hard rocky substrates at the Disposal Site, which is not a 
preferred habitat type for these species.  

The only shellfish species of commercial or conservational importance recorded during subtidal surveys the 
native oyster Ostrea edulis; however, only 12 individuals were recorded from the 19 surveys undertaken. 
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Scallops, crabs and whelks represent the commercial species that were recorded in the highest abundances; 
their distribution reflecting known commercial grounds around the north coast of Anglesey.  
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5. Overall Discussion 
Fish species assemblages recorded along the north coast of Anglesey using the different survey methods (i.e. 
gulf sampling, seine netting, potting, diver surveys and trawling) were found to exhibit a number of similarities. 
Whilst only a single species (long-spined sea scorpion) was recorded in all seven survey methods, a further six 
and 20 were recorded in six and five of the survey methods, respectively (see Appendix D). Despite this, there 
were important differences which highlighted the value of using a multi-method approach to characterise fish 
communities. This is particularly true for regions of coastline such as the north coast of Anglesey, which is 
characterised by a diverse and complex range of abiotic conditions (e.g. exposure, substrate and 
hydrodynamics) capable of supporting a multitude of species.  

Table 5.1 shows the five most abundant taxa recorded from each of the five sampling methodologies employed, 
providing a high-level overview of the key species characterising the different habitats along the north coast of 
Anglesey. Evidently, coastal waters are important for larval sandeel and sprat, with intertidal areas providing 
nurseries for juvenile sandeel and clupeids (including sprat and herring). Open coastal waters are also 
important for the dispersion of larval dab, with subtidal areas being utilised as nursery grounds for 
metamorphosed juveniles. Nursery grounds for herring and plaice were identified both inshore (within intertidal 
seine netting surveys) and offshore (within subtidal trawl surveys).  

Inshore rocky habitats are clearly important for gobies, scorpionfish, rockling, wrasse and dragonets, with 
gobies and dragonets also representing an important component of ichthyoplankton assemblages. Gadoids, 
notably poor cod were found to utilise inshore rocky coastal areas whilst whiting were important in subtidal 
areas. Finally, lesser-spotted dogfish evidently move between inshore and offshore habitats, being recorded in 
intertidal areas from potting and within subtidal trawls.  

Table 5.1 : Top five most abundant taxa recorded from each sampling methodology. Note that an equal abundance of 

long-spined sea scorpion and lesser-spotted dogfish (n = 7) as well as five-bearded rockling and three-bearded rockling 

(n = 6) were recorded in intertidal potting surveys.  

Ichthyoplankton Intertidal- seine netting Intertidal- potting Intertidal- diver surveys Subtidal 

Sandeel Clupeidae Rock goby Gobiidae Dab 

Sprat Sandeel Long-spined sea scorpion Poor cod Whiting 

Dab Sand smelt Lesser-spotted dogfish Goldsinny wrasse Lesser-spotted dogfish 

Gobiidae Herring Five-bearded rockling Callionymidae Herring 

Callionymidae Plaice Three-bearded rockling Two-spotted goby Plaice 

Ichthyoplankton, intertidal seine netting and subtidal surveys all exhibited considerable natural temporal and 
spatial variations in the overall abundance of fish, as well as the relative abundance of dominant species. 
Although potting and diver surveys provided important additional information relating to fish assemblages 
associated specifically with rocky areas of coastline, owing to the limited resolution of these datasets, very little 
can be inferred regarding temporal and spatial variability in the abundance and distribution of taxa associated 
solely with these habitats. 

Temporal patterns in ichthyoplankton abundance were found to be highly seasonal. The greatest abundances 
are observed between February and September; for the remainder of the year the numbers of eggs and larvae 
are extremely low. Peak abundance is driven by the spawning patterns of the dominant taxa. Sandeel were one 
of the first taxa to spawn in the year with larval abundance peaking in February. By April, numbers significantly 
declined whilst sprat, dab, scorpionfish larvae became prevalent. In the summer, dragonets were also recorded. 

Fish abundance in intertidal areas generally peaked in the summer and autumn months. In each of the winter 
seasons, many of the juvenile fish either had left intertidal areas or, as in the case of sandeel, were hibernating. 
Consequently, the catch recorded decreased sharply, often yielding only low numbers of sand smelt. Despite 
this, the sheltered bays appeared to continue to be important feeding areas for larger individuals, with several 
large herring and mullet occasionally recorded from shallow waters (<0.5 m). 
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Total CPUE values recorded at each site for both beam and otter trawls showed no clear seasonal patterns 
between 2010 and 2014. Even considering the most abundant species individually (dab and whiting) did not 
identify clear and consistent seasonal patterns in abundance and distribution. In general, the recruitment of dab 
to nursery areas was observed during the spring and summer, mainly at site SF01 (Red Wharf Bay) and to a 
lesser extent SF04 (off Port Lynas) and SF05 (farthest west). Whiting were prevalent throughout the year 
although two cohorts where observed in summer and autumn at SF01 and to a lesser extent SF04.  

The eastern Irish Sea is recognised as an important spawning area for a number of fish species including 
plaice, Dover sole, sandeel, dab, whiting, dragonet, gobies and herring. It is also an important nursery area for 
plaice, whiting, dab and Dover sole. Sampling sites along the north-east coast of Anglesey have confirmed the 
importance of these areas, exhibiting high catches of the species listed above. Consequently, overall catches at 
these sites were generally much higher than that observed at sites further west, although moderate abundances 
were also recorded at subtidal site SF05 located south of The Skerries in Church Bay.  

To the west of Red Wharf Bay, the distribution and abundance of ichthyoplankton is considered to be driven by 
hydrodynamic conditions aiding dispersal of eggs and larvae from high intensity spawning grounds in the east. 
Densities observed inshore in and around the vicinity of the Wylfa Newydd Development Area were found to be 
much lower than densities reported by Ellis et al. (2012). This suggests that spawning predominantly occurs 
offshore, which is true for dominant taxa such as sandeel. Similarly, dispersion is likely to be driven by the 
strong tidal currents characteristic of the area, which may transport eggs and larvae away from coastal areas. 
This is likely to explain why Ellis et al. (2012) reported slightly higher densities of certain species such as plaice, 
herring, Dover sole and whiting at sites within the vicinity of the Disposal Site (which is located further offshore) 
compared to values recorded within the vicinity of the Wylfa Newydd Development Area (see Section 2.2). 

The abundance and distribution of fish species within intertidal and subtidal areas is likely to driven by proximity 
to spawning and nursery grounds, hydrodynamic conditions as well as exposure and substrate type. A key 
feature that was broadly consistent across all both intertidal and subtidal surveys was a comparatively lower 
abundance of fish in and around the Wylfa Newydd Development Area. Within intertidal areas there was a 
notable absence of flatfish and a lower abundance of sandeel; these species exhibit a preference for shallow 
sandy habitats present to the east within Red Wharf Bay, Cemaes Bay and at sites farthest west some 15 km 
from the Wylfa Newydd Development Area. Trawling off Wylfa Head also identified relatively low abundances of 
fish compared to other sites, with a distinctly low abundance of sandeel and flatfish (e.g. plaice and dab). It is 
evident that this region of coastline is characterised by hydrodynamic and substrate conditions that are not well 
suited to supporting significant populations of these species.  

Although overall abundances were found to be low, intertidal catches within the Wylfa Newydd Development 
Area were characterised by the presence of sand smelt and clupeids. Sand smelt utilise rocky vegetated 
intertidal habitats as spawning, feeding and nursery grounds; the demersal nature of spawning means this 
species is not prevalent in ichthyoplankton samples. Clupeids utilise inshore areas for feeding and nursery 
grounds; this species did not appear to be affiliated with a particular set of conditions, occurring at a range of 
sites.  

Subtidal catches within the Wylfa Newydd Development Area where characterised by the presence of whiting, 
poor cod, lesser-spotted dogfish and sprat. Whilst few sand smelt were recorded in subtidal surveys, it was 
found to be the second most abundant species impinged at the Existing Power Station between March 2011 
and July 2012, with both large juveniles and adults present in catches (Jacobs, 2016a, Application Reference 
Number: 6.4.92).  It is therefore evident that whilst this species is prevalent along the north coast of Anglesey, 
the distribution of all life stages is predominately limited to waters close inshore. Sand smelt is of neither 
commercial nor conservational importance.  

Impingement data from the Existing Power Station is considered to provide a good indication of the abundance 
and complement of fish species present within the vicinity of the Wylfa Newydd Power Station as the intake is 
located off Wylfa Head. Sprat, whiting and herring were ranked the first, third and fourth most abundant species 
impinged between March 2011 and July 2012 (Jacobs, 2016a, Application Reference Number: 6.4.92) which 
shows good agreement to subtidal trawl data. Total annual impingement catches at the Existing Power Station 
were considered to be low when compared to other coastal power stations; this provides further support to the 
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conclusion that fish abundances within the vicinity of the Wylfa Newydd Development Area are low compared to 
fish populations elsewhere in the Irish Sea (e.g. eastern Irish Sea)   

Ellis et al. (2012) suggests that the Wylfa Newydd Development Area is encompassed within an area of high 
intensity spawning for plaice as well as a high intensity nursery area for Dover sole and whiting. Comparison to 
results presented within Sections 2, 3, and 4 of this report, which were sampled at a much higher spatial and 
temporal resolution, disputes a number of these classifications. Whilst relatively abundant within Cemaes Bay, 
plaice was distinctly absent from the intertidal areas in Porth-y-pistyll with further low abundances recorded in 
adjacent subtidal areas. Similarly, only 35 plaice were recorded from impingement surveys at the Existing 
Power Station (Jacobs, 2016a, Application Reference Number: 6.4.92). Whilst plaice is recognised as a key 
component of fish assemblages along the coastline of north Anglesey with specific areas important for 
spawning and nursery of juveniles, plaice is not considered to be an important component of fish assemblages 
within the Wylfa Newydd Development specifically.  

Catches of Dover sole were relatively low throughout the survey area and from all fish surveys, with 
impingement surveys from the Existing Power Station also only yielding two individuals from 55 surveys carried 
out over the 16-month monitoring period (Jacobs, 2016a). This casts significant doubt on the importance of the 
north coast of Anglesey as a nursery area for this species. Given the prevalence and abundance of whiting 
throughout the survey area (in subtidal areas), it is however agreed that the north coast of Anglesey (including 
the Wylfa Newydd Development Area) is a high intensity nursery ground for this species.  

Aside from the current fish survey programme, the most recent surveys of the fish populations at the Existing 
Power Station were carried out more than 20 years ago by Spencer (1990) who monitored the impingement of 
fish on the cooling water screens at the Existing Power Station. Of the 66 species reported by Spencer (1990), 
all but three have been observed during the survey work to date. The absence of Atlantic salmon, hake 
(Merluccius merluccius) and Corbin’s sandeel (Hyperoplus immaculatus) can be explained by either their rarity 
or their specific habitat preferences. Spencer (1990) only recorded salmon and hake on a single occasion 
during 68 sampling occasions. Armstrong et al. (2013) recorded salmon and hake in the wider Irish Sea in 2010 
but in reasonably low abundances (three and 83, respectively).  Parker-Humpreys (2004) only recorded 117 
Corbin’s sandeel in the Irish Sea between 1993 and 2001  Corbin’s sandeel is rarely recorded in Welsh waters 
(Kay and Dipper, 2009) and was the only species of the five sandeel species known to frequent British waters 
not recorded during this fish survey programme.  

Some of the species recorded in the present study were rarities normally associated with deeper, offshore 
waters: e.g. boarfish (Capros aper), subtidal fish survey autumn 2012; Atlantic halibut, ichthyoplankton survey 
spring 2012; and the pearlside (Maurolicus muelleri), impingement surveys (see Jacobs, 2016a, Application 
Reference Number: 6.4.92). The boarfish and pearlside were sampled following periods of windy weather, 
possibly suggesting they had been forced into shallower waters during storms. Other species such as the 
Norwegian topknot and long rough dab are rarely recorded, while no records for Welsh waters exist for the 
Norway bullhead, the nearest records being from the Isle of Man (Wheeler, 1969; Kay and Dipper, 2009). Thirty-
eight species of fish have been recorded from Jacobs’ fish and impingement surveys that were not listed by 

Spencer (1990). Most of these species are at the centre of their bio-geographical ranges, and their presence in 
the samples reflects the value of using a multi-method approach to provide a comprehensive picture of the local 
fish assemblages.  

Within the vicinity of the Disposal Site, Dover sole, sandeel, plaice and dab are unlikely to constitute key 
components of the fish assemblages due to the prevalence of hard rocky substrates in the area. Considering 
the distance to known spawning and nursery grounds in the eastern Irish Sea as well as the abundance and 
distribution of fish along the wider north coast of Anglesey (derived from dedicated surveys and published 
literature), species such as whiting, poor cod, common dragonet, lesser-spotted dogfish, sprat, herring, grey 
gurnard and other elasmobranchs are all likely to be present.   

Shellfish abundance within beam trawls and potting exhibited a similar pattern to fish catches, being reasonably 
low within the vicinity of the Wylfa Newydd Development Area and increasing out towards known commercial 
fishing grounds along the north-east coast of Anglesey. Although commercial fishing activities are prevalent 
within both the Wylfa Newydd Development Area and Disposal Site, intensity is recognised as being low 
(FishMap Môn, 2014).  
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5.1 Species of Conservation Importance 

Potts and Swaby (1995) noted that river lamprey (Lampetra fluviatilis) and sea lamprey (Petromyzon marinus) 
have been reported from north Wales’ waters. River lamprey and sea lamprey are listed under Section 7 of the 
Environment (Wales) Act 2016 and are also listed on Annex II and V of the EU Habitats and Species Directive 
and Appendix III of the Bern Convention. Sea lampreys undergo marine migrations and are found in rivers on all 
coastlines bordering the Irish Sea. To date, only a single river lamprey has been sampled from the Existing 
Power Station cooling water intake (Jacobs, 2016a, Application Reference Number: 6.4.92), while no sea 
lampreys have been recorded. 

The species listed below may be present in the waters around the north Anglesey coast in low numbers 
throughout the year or during peak migratory periods. To date, none of these species have been recorded 
during annual sampling or during the sampling carried out by Bangor University.  

The Atlantic salmon is known to migrate through the Irish Sea and enter river systems on both the north Welsh, 
eastern Irish and north-west English coastlines. The Atlantic salmon is an Environment (Wales) Act 2016 
Section 7 and UK BAP priority species, and is listed on Annex II and V of the EU Habitats and Species 
Directive. Atlantic salmon have not yet been recorded in any of the baseline surveys, but Spencer (1990) 
recorded a single specimen during the impingement surveys on the site of the Existing Power Station. A single 
individual was also observed in Cemlyn Bay in 2005 (Cofnod, 2015). 

Twaite (Alosa fallax) and Allis shad (Alosa alosa) are also Environment (Wales) Act 2016 Section 7 and UK 
BAP priority species listed on Annex II and V of the EU Habitats and Species Directive and Appendix III of the 
Bern Convention but have not been recorded during the survey programme. 

It is not known whether smelt, another Environment (Wales) Act 2016 Section 7 species, frequent the waters off 
Anglesey, but the nearest spawning population is at the River Conwy, less than 50 km south-east of Anglesey 
on the north Wales coast (CMACS, 2006). 

European eel are known from freshwater habitat adjacent to the marine habitats at Cemaes and Cemlyn and 
undergo migration between freshwater and marine habitats. Although not previously recorded within the 2010 – 
2015 marine fish sampling programme, eel would be expected to be present within the intertidal and subtidal 
marine environment at certain times of year, as migrating adults and juveniles. European eel are listed on 
Section 7 of the Environment (Wales) Act 2016, receive protection relating to recruitment, exploitation and 
maintaining migratory corridors under the Eel (England and Wales) Regulations 2010 and are considered 
critically endangered on the IUCN Red List.   

5.1.1 International Union for the Conservation of Nature Red List 

The IUCN Red List cites species assessments ranging from ‘least concern’ to ‘extinct’. ‘Least concern’ means 
there is no evidence to suggest a species is in decline over its known range. Of the species recorded in the 
present programme, several are listed as ‘near threatened’ (close to qualifying for threatened categories in the 
near future) or ‘vulnerable’ (faces a high risk of extinction in the wild): 

 Atlantic halibut – endangered; 

 cod – vulnerable; 

 haddock – vulnerable; 

 basking shark – vulnerable; 

 tope – vulnerable; 

 spurdog – vulnerable; 

 bull huss/nurse hound – near threatened; 

 blonde ray – near threatened; and 

 thornback ray – near threatened. 
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6. Conclusions 
Ichthyoplankton communities 

Many of the fish species recorded in the ichthyoplankton surveys were found in one or more of the other fish 
surveys (intertidal, subtidal and/or diving); however, ichthyoplankton tows recorded a number of species that 
were not recorded during dive, intertidal or subtidal trawl surveys. This highlights the importance of this 
technique in sampling the full spectrum of species present. The results of the ichthyoplankton surveys also 
demonstrated that the area is a spawning ground for many inshore species through the distinct peaks in 
abundance of taxa including gobies, dragonets, scorpionfish, blennies and wrasse. It also indicates that 
sandeels spawn in this area as is evidenced by the strong peaks in their larval abundance during both spring 
and autumn.  

Sandeel, sprat, dab, gobies and dragonets clearly have a dominant role in the ichthyoplankton community 
assemblages within the vicinity of the Wylfa Newydd Development Area. However, with the exception of 
perhaps gobies, inshore abundances of all the species listed above are much lower than those reported for the 
eastern Irish Sea and further offshore. Specifically for sandeel, this is indicative of low intensity spawning 
grounds inshore within the Wylfa Newydd Development Area, compared to high intensity area identified 
offshore and in the eastern Irish Sea. The Disposal Site may be characterised by slightly higher abundances of 
certain species to those observed within the Wylfa Newydd Development Area, although these are likely to 
remain much lower than abundances recorded in the eastern Irish Sea. 

The ichthyoplankton survey provided a useful technique for identifying many of the fish species that use this 
area. This exposed region of north Anglesey contains an ichthyoplankton community that does not vary to any 
significant degree within the survey area but exhibits clear temporal changes. The seasonal variation in 
community is largely driven by a few key taxa (i.e. sandeels, gobies, dab, dragonets and sprat), these exhibiting 
spawning events at slightly different times throughout the year. Trends in the overall abundance and dominance 
of taxa were repeated each year and, though there were slight changes in presence and/or abundance of the 
key taxa, the general pattern remained the same. Peak egg abundance typically occurs between March and 
May and is thought to be largely driven by the spawning of sandeel, sprat and dab. The community is 
characteristic of this region and environment; however, the strong ocean and wind-driven currents in this region, 
coupled within the open nature of the coastline, occasionally results in the presence of species not normally 
associated with this part of Wales (e.g. Norway bullhead). 

Intertidal fish communities 

The fish species recorded during the 2010 – 2015 sampling programme were all considered to be within their 
biogeographical range. Zooplanktivorous feeders such as clupeids (mainly herring and sprats), sandeel and 
sand smelt were the most abundant taxa recorded in seine nets, followed by plaice. Overall, the data suggest 
that spatial differences in the core intertidal fish communities around the north Anglesey coast were 
considerable, being driven primarily by proximity of sites to spawning and nursery grounds in the eastern Irish 
Sea. 

Overall, higher abundances of fish were found to be using intertidal areas on the north-east coast of Anglesey; 
this is likely to be owing to the proximity of sampling sites to known spawning and nursery grounds in the 
eastern Irish Sea. The lowest abundances of fish were observed along the north-west coast of Anglesey with a 
clear gradient of overall fish abundance evident along the intervening coastline from east to west. The east 
coast sites recorded higher abundances of juvenile clupeids and plaice, whereas sites further west supported 
greater numbers of sand smelt. Porth-y-pistyll and certain areas of Cemaes Bay supported notable numbers of 
clupeids and reasonably high numbers of sand smelt; however, these areas were not found to be particularly 
important nursery areas for sandeel and there was a distinct absence of plaice and other flatfish species from 
these sites. Western Cemlyn Bay also recorded reasonably high numbers of sand smelt but was not an 
important nursery area for sandeel. 

The survey programme has confirmed the presence of inshore nursery areas for sandeel and plaice. For plaice, 
these are primarily located up to 24 km east of the Wylfa Newydd Development Area, with abundances 
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declining markedly further towards the west. Sandeel nursery areas appear to be affiliated with sandy bays 
along the north coast of Anglesey and therefore represent a more patchy distribution.  

Temporal changes in the fish assemblages generally followed similar trends, with recruitment occurring in spring 
and early summer followed by emigration from the intertidal during winter, a seasonal relationship that follows 
the rise and fall in water temperature. The exception to this was juvenile sand smelt, which showed clear 
recruitment in the summer and tended to reside in the shallow waters year round.  

The intertidal fish data provide good evidence that the intertidal areas along the northern coastline of Anglesey 
are populated by a variety of species, many providing food sources for other local fauna, including seabirds and 
marine mammals. The intertidal fish communities were largely dominated by sandeel in the spring and summer 
(with plaice forming a significant fraction at the eastern sites) and sand smelt in the autumn and winter. 

The cooling water outfall of the Existing Power Station did not appear to have any major negative impact on the 
nearshore fish populations of the north Anglesey coast. If any impact was present, it remained localised to 
within a few hundred metres of the outfall. The results and further observations from surveys in 2011 and 2012 
confirm that the discharge attracts mullet and bass and might attract greater numbers of gobies and juvenile 
gadoids to the general area to feed. 

Subtidal fish communities 

This element of the fish survey programme has shown that the subtidal waters off the north coast of Anglesey 
contain a diverse fish assemblage, with over 70 discrete fish taxa recorded since the trawling surveys began. 
Feeding guild composition of the fish community was dominated, as might be expected, by benthic and 
piscivorous feeders; these guilds in turn were dominated by just a few species: dab and lesser-spotted dogfish 
dominated the former guild, and whiting was the principal piscivore.  

The heterogeneity of the rocky coastline provides an array of complex habitats allowing a rich and, at times, 
abundant fish community to thrive. The shelter on the east coast of the island creates a suitable nursery ground 
for juvenile dab, whiting and plaice, as evidenced from the number and size range of the individuals caught in 
this area. However, from the length-frequency data collected, recruitment of post-larval and juvenile dab and 
whiting from the Irish Sea also occurs (but to a lesser extent) at the western-most site (Church Bay). Whether 
they then migrate south or north along the coastline is unclear, as recognised nursery grounds exist both on the 
south-west and north-east coast of Anglesey. 

Subtidal trawl data along with published literature and evidence from other fish surveys have demonstrated that 
fish species such as herring, sandeel, plaice and dab are considered key species characterising wider fish 
communities along the north coast of Anglesey. However, these species are not considered to represent key 
components of the subtidal fish communities within the Wylfa Newydd Development Area and Disposal Site. 
Herring, however, is likely to be a key species characterising fish communities at the Disposal Site considering 
its wider distribution, abundance and behaviour.  

Whiting is considered to represent a significant component of subtidal fish communities within the Wylfa 
Newydd Development Area and Disposal Site whilst cod remains a notable though not dominant species 
characterising fish communities within and around these areas. It is expected that fish communities at the 
Disposal Site would be dominated by pelagic species such as sprat and herring; bentho-pelagic species such 
as poor cod, whiting and other gadoids species; and demersal species such as lesser-spotted dogfish, common 
dragonet and perhaps species such as pogge. 

The reference site SF01 in Red Wharf Bay is located within a Natura 2000 site (Menai Strait and Conwy Bay 
SAC) and consistently yielded the highest numbers of fish in terms of abundance and species richness. From 
autumn 2013, trawling dispensation was not obtained for this site; thereafter, trawling was restricted to the 
remaining four sites (SF02-SF05). However, despite this change to the programme and the consequent drop in 
overall fish abundance in 2014, analysis of the fish data using ANOSIM found a considerable overlap in the fish 
community between all years. Similarly, on a seasonal timescale, no substantial differences in the communities 
were identified suggesting that communities present are similar and also generally consistent over time. The 
exception to this was SF01, which showed clear differences between the other sites in the fish community but 
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as a result of large abundances of the ubiquitous taxa, as opposed to the overall composition of the fish 
population.   

Invariably, the stochastic nature of fishing (fish movements, tidal strengths, weather and sea conditions) creates 
peaks and troughs in the data, as observed in this survey with species such as sprat and herring, yet the overall 
picture given by this work is that of a diverse and consistent subtidal fish community that essentially 
characterises this region of the Anglesey coastline. The relatively similar communities identified spatially, 
between four of the five sites, along with clear overlaps on a temporal scale, suggest that the data, covering 
almost five years of surveys, have established a robust baseline.   

The only shellfish species of commercial or conservational importance recorded during subtidal surveys was the 
native oyster Ostrea edulis, but in very low abundance. Scallops, crabs and whelks represent the commercial 
species that were recorded in the highest abundances, their distribution reflecting known commercial grounds 
around the north coast of Anglesey. Shellfish abundance was reasonably low within the vicinity of the Wylfa 
Newydd Development Area, increasing out towards known commercial fishing grounds along the north-east 
coast of Anglesey. 

Species of conservation importance 

Atlantic salmon, Twaite and Allis shad, sea lamprey, smelt, European eel, hake and Corbin’s sandeel may be 
present in the waters around the north Anglesey coast in low numbers throughout the year or during peak 
migratory periods. To date, none of these species have been recorded during annual sampling or during the 
sampling carried out by Bangor University. A single river lamprey has been recorded from the Existing Power 
Station cooling water intake. 

Atlantic halibut, cod, haddock, tope, spurdog, bull huss/nurse hound, blonde ray and thornback ray have all 
been recorded from fish surveys and are listed in the IUCN Red List as ‘near threatened’ or ‘vulnerable’. 
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 Fish Survey Programme 
A.1 Ichthyoplankton 

Table A.1: Latitude and longitude of the start and end of each transect carried out at the seven ichthyoplankton survey sites. 

Site Start latitude, longitude End latitude, longitude 

1 N53° 25.645, W004° 23.314 N53° 25.769N, W004° 23.788 

2 N53° 25.492, W004° 28.826 N53° 25.314N, W004° 29.225 

3 N53° 24.529, W004° 33.053 N53° 24.454N, W004° 33.386 

4 N53° 27.170, W004° 28.996 N53° 27 170N, W004° 29.762 

5 N53° 26.383, W004° 29.591 N53° 26.610N, W004° 28.999 

6 N53° 25.091, W004° 29.478 N53 24.832N, W004 29.506 

7 N53º 24.904, W004º 30.300 N53º 25.354N, W004º 30.306 

 

 

Figure A.1 : Ichthyoplankton survey dates. Dates marked with an asterisk (*) represent surveys that were delayed due to 

weather (April 2012, May 2013, October 2013 and February 2014). 
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A.2 Intertidal Fish 

Table A.1 : Location (latitude and longitude) of the thirteen intertidal fish sampling sites. 

Site name Site code Sampling strategy Latitude, longitude 

Porth Tywyn-Mawr IF01 Seine net N53° 20.300, W004° 34.000 

Porth Swtan IF02 Seine net N53° 22.400, W004° 33.400 

Cemlyn  Bay (east) IF03 Seine net N53° 24.600, W004° 30.400 

Porth-y-pistyll IF04 Seine net N53° 24.800, W004° 29.500 

Porth y Ogof IF05 Fish traps N53° 24.940, W004° 28.020 

Cemaes Bay IF06 Seine net N53° 24.910, W004° 27.103 

Llanbadrig Bay IF07 Seine net N53° 25.300, W004° 26.800 

Porth Wen IF08 Fish traps N53° 25.300, W004° 24.200 

Porth y Wylfa IF09 Seine net N53° 24.940, W004° 28.060 

Cemlyn Bay (west) IF10 Seine net N53° 24.780, W004° 30.825 

Traeth Lligwy IF11 Seine net N53° 22.390, W004° 16.188 

Traeth Buchan IF12 Seine net N53° 20.381, W004° 13.802 

Porth-y-pistyll IF13 Seine net N53° 24.799, W004° 29.427 
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Figure A.2 : Intertidal fish survey dates from 2010 to 2015.  

A.3 Diver Surveys 

Table A.2 : Summary of sites dived, positions, underwater visibility (vis.) and distance from outfall. 

Site Surveyors Date Time Lat. Long. Comments 
Visibil-
ity (m) 

Dist. 
from 
outfall 
(km) 

DV04 deep LM & JE 29/07/10 14:00 N 53 25.230 W004 28.880 
No data collected - wrong 
habitat (sediment) >1 m 
visibility 

2 0.2 

DV04 
shallow 

MD &BW 29/07/10 14:02 
SE from deep 
site 

SE from deep 
site 

Data collected, 2 m visibility 2 0.2 

DV06 deep LM & JE 29/07/10 16:58 N53 25.271 W004 28.840 

Rock at 13 m - divers moved 
away from shot as started on a 
wreck, moved to 53deg 
25.283, 004deg 28.391 @ 
17:30. Limited data collected 

1-2 0.28 

DV06 
shallow 

MD & BW 29/07/10 17:02 N53 25.250 W004 28.830 Data collected 1-2 0.28 

DV04 deep MD & BW 30/07/10 09:27 N53 25.242 W004 28.867 Data collected 1-2 0.2 
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Site Surveyors Date Time Lat. Long. Comments 
Visibil-
ity (m) 

Dist. 
from 
outfall 
(km) 

DV06 deep HG & JE 30/07/10 09:30 N53 25.260 W004 28.835 
Very silted only 1 transect 
completed 

1-1.5 0.28 

DV08 deep MD & BW 30/07/10 12:12 N53 25.271 W004 28.615 
Data collected - current started 
throughout dive 

2 0.64 

DV08 
shallow 

HG & JE 30/07/10 12:13 
Inshore of 
deep site 

Inshore of deep 
site 

Data collected - current started 
throughout dive 

1-2 0.64 

DV11 
shallow 

HG & JE 31/07/10 12:57 N53 25.615 W004 25.413 Data collected 2 3.2 

DV11 deep MD & BW 31/07/10 12:54 N53 25.615 W004 25.413 Data collected 1-2 3.2 

DV12A 
shallow (X) 

HG & JE 31/07/10 15:46 N53 25.729 W004 25.754 
No data collected - very silted 
>1 m visibility (East side of 
bay) 

1 3.9 

DV12B 
shallow (Y) 

MD & BW 31/07/10 15:41 N53 25.676 W004 25.861 
Data collected (West side of 
bay) 

2 3.9 

DV11 
shallow 

MD & BW 01/08/10 13:26 N53 25.621 W004 26.442 Data collected 2 3.2 

DV11 deep HG & JE 01/08/10 13:28 N53 25.621 W004 26.442 Data collected 2 3.2 

DV09B 
shallow 

MD & BW 01/08/10 16:20 N53 25.511 W004 26.534 
Divers inshore of this mark - 
data collected 

1-2 2.9 

DV09A 
shallow 

HG & JE 01/08/10 16:21 N53 25.511 W004 26.534 
Divers in at this mark - data 
collected 

1-2 2.9 

Outfall B 
shallow 

HG & JE 02/08/10 15:51 N53 25.210 W004 28.939 
Data collected. Strong current 
present 

1.5 0.14 

Outfall A 
shallow 

MD & BW 02/08/10 15:52 N53 25.207 W004 28.892 
No data collected - current too 
strong from outfall. 

2 0.25 

DV04 
shallow 

HG & JE 02/08/10 18:06 N53 25.223 W004 28.886 Limited data collected 2 0.2 

Outfall A 
shallow 

MD & BW 02/08/10 17:58 N53 25.267 W004 28.881 Data collected 2 0.25 

DV04 deep LM & JE 29/07/10 14:00 N 53 25.230 W004 28.880 
No data collected - wrong 
habitat (sediment) >1 m 
visibility 

2 0.2 

DV16 deep HG & JE 03/08/10 09:05 N53 25.123 W004 17.420 Data collected 3 13.6 

DV16 
shallow 

LM & BW 03/08/10 09:08 N53 25.110 W004 17.426 Data collected 3 13.6 

DV05 deep LM & BW 03/08/10 12:00 N53 24.930 W004 17.540 
Data collected (shot was 5-6 m 
east of this position) 

2 13.3 

DV05 
shallow 

HG & JE 03/08/10 12:03 
No Position - 
Inshore of 
deep site 

No Position - 
Inshore of deep 
site 

Data collected 1-2 13.3 

DV02 
shallow 

MD & BW 06/08/10 12:40 N53 25.203  W004 29.067 Data collected 3-4 0.32 

DV02 deep LM & JE 06/08/10 12:40 N53 25.266  W004 29.070 Data collected 2-3 0.32 

DV07 LM & JE 06/08/10 09:35 N53 25.326  W004 28.768 Data collected 3 0.44 
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Site Surveyors Date Time Lat. Long. Comments 
Visibil-
ity (m) 

Dist. 
from 
outfall 
(km) 

shallow 

DV07 deep MD & BW 06/08/10 09:30 N53 25.338  W004 28.781 Data collected 4-5 0.44 

 

A.4 Subtidal  

Table A.3 : The number of replicate trawls, and the location (latitude and longitude) of the start and end of each transect 

carried out at the five subtidal fish sites. 

Location name 

Site 

name 

Replicates Start latitude, longitude End latitude, longitude 

Otter Beam 

Red Wharf 
Bay 

SF01 3-5 3-5 N53 22.241, W004° 13.590 N53° 21.156, W004° 12.455 

Cemaes Bay SF02 0 3-5 N53 25.612, W004° 27.260 N53° 25.448. W004° 27.751 

Wylfa Head SF03 3-5 3-5 N53 26.033, W004° 29.338 N53° 25.712. W004° 30.410 

Point Lynas SF04 3-5 3-5 N53 29.168, W004° 17.232 N53° 28.796. W004° 14.547 

Church Bay SF05 3-5 3-5 N53 22.661, W004° 35.815 N53° 22.017. W004° 35.792 
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Figure A.3 : Subtidal fish survey dates from 2010 to 2014.  
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 Statistical Glossary and Methodologies 
B.1 Multivariate Statistical Analysis (PRIMER) 

Plymouth Routines In Multivariate Ecological Research (PRIMER) (www.primer-e.com) is a program designed 
to analyse datasets where samples contain several variables. The following descriptions of the various 
procedures and tests used for the data analysis are all summaries of the full descriptions provided in the 
PRIMER manual (Clarke and Warwick, 2001). The full manual should be consulted for detailed descriptions of 
each test undertaken. 

B.1.1 Transformation of Data 

Data transformation is used to remove the weighting of common or rare species within a sample when 
undertaking statistical analysis. The type of transformation used depends on the biological (not statistical) 
questions being asked of a dataset and whether a broad or specific approach is required. The more severe the 
transformation, the broader the answer as all species become more equal, thus giving a greater weighting to 
species with low abundances. 

B.1.2 Bray-Curtis Similarity 

Before many of the analyses can be undertaken in PRIMER, a similarity matrix must be constructed. This 
creates a matrix containing a value for every pairwise (between species) comparison possible between the 
samples. The higher the value, the more similar the comparison is. This matrix is used for comparison of 
samples in subsequent statistical tests. PRIMER uses the Bray-Curtis coefficient (S) which is particularly 
common in ecological analyses.  

B.1.3 ANOSIM 

Analysis of Similarity (ANOSIM) tests are a form of hypothesis testing for differences between pre-defined 
groups e.g. sites/times of sampling. ANOSIM tests can be applied to multivariate datasets and are not restricted 
to balanced designs i.e. equal numbers of replicate samples within sites, or treatments, or both. 

ANOSIM tests provide two results: R-values and p-values. Of these two values, R is often the most useful to 
use for interpreting the data as it is not affected by the number of replicates but by actual differences between 
the two or more groups of data. On the other hand, p is always influenced by the sample size and might mask 
confidence in the results obtained from smaller datasets.  

R-values lie between -1 and 1. R = 1 only when all replicates within groups are more similar to one another than 
any replicates from different groups. R = 0 when similarities between all replicates, regardless of groupings, are 
the same on average. R-values well below zero suggest greater similarities between replicates from different 
groups than within groups and may indicate errors in the labelling of samples. 

B.1.4 Multi-Dimensional Scaling 

MDS plots provide a visual representation of the relationships between samples and can be useful for data 
interpretation. The Bray-Curtis similarity matrix described above can be used to create a MDS plot of the sample 
similarities. Samples with greater similarities are placed closer to one another with more dissimilar samples 
placed further away. 

The usefulness of the plots is indicated by a stress value. If stress values in a 2-D plot are too high, a 3-D plot 
can be generated which might provide a better representation as there is more dimensional space in which to 
plot the samples and their relative distances to each other. Stress values should be considered as follows: 

 <0.05 – excellent representation of the relationships between the data; 

 0.05< s <0.1– good plot with little prospect of a misleading interpretation; 
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 0.1< s <0.2– potentially useful although for values toward the upper end of this range too much emphasis 
should not be placed on the detail of the plot; 

 0.2< s <0.3– treat these points with scepticism and consider plots at higher dimensions; and 

 >0.3 – the points are close to random. Consider plots at higher dimensions. 

B.1.5 CLUSTER ANALYSIS 

Cluster analysis is designed to find natural groups or ‘clusters’ of samples within the main dataset, again based 
on a Bray-Curtis similarity matrix. Each cluster is successively linked to the next most similar sample or cluster 
until a tree diagram (dendrogram) is completed with all samples finally forming a single cluster (the whole tree). 

Cluster analysis is particularly useful for determining groups of sites with distinct ecological communities. This 
does not imply that the species themselves are necessarily different, since patterns of abundance may also play 
a role in determining similarities. Dendrograms can be used to compliment MDS plots or, when stress values 
are too high in MDS plots, they might prove a useful substitute to show clusters of samples. 

B.1.6 SIMPER ANALYSIS 

When differences have been detected between groups of samples, Similarity Percentage (SIMPER) tests can 
be used to determine the individual species that contribute to the differences between groups of samples and 
the similarities between samples within a group. The SIMPER test identifies species that typify a group and/or 
potentially an environmental condition or impact.  

B.2 Ichthyoplankton Analysis 
The statistical analysis of ichthyoplankton data used a multivariate approach, where each taxon was treated as 
a separate variable, enabling an assessment of complex patterns within large-scale datasets. Multivariate 
statistical tests were performed using PRIMER-ETM (Clarke and Gorley, 2006) and following the methods of Clarke 
and Warwick (2001). 

To assess potential differences, a two-way crossed ANOSIM (analysis of similarity) was used to test for a priori 
(pre-defined) differences, assessing temporal effects in the structure of the community between sites and tidal 
state (flood and ebb). This approach can be viewed as a non-parametric version of a multivariate Analysis of 
Variance (ANOVA) (Clarke and Gorley, 2006). The ANOSIM was carried out on a square root transformed 
Bray-Curtis matrix, with 999 permutations, using season (spring, summer, autumn, winter), sites and tide as 
factors. Square root transformation was used to down-weight the influence of several highly abundant species, 
enabling the presence of rarer taxa to have a stronger influence on the statistical tests. 

Where a Global R value of >0.2 was found using ANOSIM, a Similarity Percentage (SIMPER) test was then 
used to investigate which taxa were driving dissimilarities between these groups. The test ranks, in order of 
importance, each taxon by calculating their overall percentage contribution to the average dissimilarity between 
each group.  

To further investigate and visualise differences in communities across factors (seasons, sites, tides), non-metric 
MDS (50 restarts, Kruskal fit) was carried out on the square root transformed Bray-Curtis resemblance matrix. 
MDS constructs a pictorial representation of the samples whose distances reflect statistically tested ‘true’ 

differences between the samples. Put simply, the closer a sample is to another sample on the MDS plot, the 
more similar the samples are to each other. For more information on statistical analysis, see Appendix B. 

Following the first year of sampling (May 2010 to April 2011) it was identified that ichthyoplankton abundance 
during the winter months was extremely low, with 71% of all samples collected between October and January 
found to contain no fish larvae, and the remaining samples rarely having more than a single individual. Samples 
containing a very low abundance of ichthyoplankton, or those where larvae are absent altogether, can have a 
notable effect on the visual representation of data (MDS) and the assessment of statistical differences between 
factors (ANOSIM between sites, replicates, seasons, years). To reduce the effect of these samples, data 
collected between October and January inclusive were omitted prior to PRIMER analysis. Furthermore, a 
‘dummy variable’ of one was added to every sample within the resemblance matrix, thereby forcing two samples 
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with no content to be 100% similar (as they share the dummy variable). This aims to further dampen the 
behaviour of joint absences where samples are denuded for the same reason (i.e. ichthyoplankton abundance 
is low).  

A preliminary assessment of species-assemblage data identified temporal variations in the taxonomic 
classification of certain taxa. Although damage to specimens may be a contributing factor, this pattern is 
believed to occur in response to variations in the size of larvae throughout the year and the subsequent ease of 
identification at specific times of the year. For example, a key taxonomic feature of species belonging to the 
Callionymidae family (dragonets) is the presence of preopercular spines; however, these are generally absent 
from larvae less than 6 mm (standard length) (Russell, 1976). Smaller individuals sampled earlier in the year are 
therefore typically recorded as Callionymidae, whilst larger individuals (>6 mm) caught later in the year and 
exhibiting preopercular spines are generally speciated. If these variations in taxonomic resolution were retained 
within the dataset during statistical analysis, they could infer false temporal patterns in species assemblages 
and distort comparisons between factors such as seasons and sampling years. To permit accurate statistical 
analysis, all taxa were grouped to family level.  

The group ‘osteichthyes indeterminate’ was also removed from the dataset prior to analysis in PRIMER, as this 
group is likely to contain multiple taxa which may also exhibit different spatial, temporal and seasonal patterns in 
abundance. This being the case, inclusion could distort differences between factors making it difficult to identify 
statistical trends. The multivariate analyses were carried out using all replicates from all sites, including sites 
sampled on different tidal states. 

B.3 Intertidal Fish Analysis 

Analysis of the intertidal fish community composition was carried out using multivariate statistics on the 
PRIMER-E™ software package (Clarke and Gorley, 2006) and following the methods of Clarke and Warwick (2001). 
The multivariate analysis compared differences between all species and their relative abundances between 
samples and sites. It also provides graphical representation of samples and sites with similar communities.  

A reduced taxa list used for the Bray-Curtis matrix resulted in several entries being amalgamated, e.g. the 
species Pomatoschistus pictus, P. microps and P. minutus were grouped under Pomatoschistus spp., and 
sprat, herring and pilchard (Sardina pilchardus) were grouped as Clupeidae. Other broad entries were removed 
for greater clarity where only one or two individuals existed which likely belonged to species already listed, e.g. 
the entry ‘Gadidae’ consisting of just two recorded individuals was removed to allow the distinction between 

cod, pollack, whiting, etc. to be analysed. The taxa list was thereby reduced to only those taxa which could be 
confirmed as clearly separate entries, i.e. they did not represent a group that could potentially have been 
included in another entry such as genus or family.  

To assess potential differences between sites and seasons, a two-way, crossed ANOSIM was used to test for a 

priori differences, and for assessing spatial and temporal effects in the structure of the communities between 
sites and seasons. This approach can be viewed as a non-parametric version of a multivariate ANOVA (Clarke 
and Gorley, 2006). The ANOSIM was carried out on a square root-transformed Bray-Curtis matrix using season 
(spring, summer, autumn, winter) and geographic location (as detailed in ) as factors. Transformations of data 
were investigated to down-weight the influence of several highly abundant species, but these bore no influence 
on the results. 

Where ANOSIM found that significant differences occurred, a SIMPER test was used to investigate which 
individual species were driving the dissimilarity between these groups. To illustrate any differences, an MDS 
was carried out on the square root-transformed Bray-Curtis matrix. 

B.4 Subtidal Fish Analysis 

Analysis of the subtidal fish community composition was carried out using multivariate statistics on the PRIMER-
E™ software package (Clarke and Gorley, 2006) and following the methods of Clarke and Warwick (2001). The 
multivariate analysis compared differences between all species and their relative abundances between samples 
and sites. It also provides graphical representation of samples and sites with similar communities.  
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Owing to the different fishing efficiencies of each net type, otter trawl catches were only ever compared with 
other otter trawl catches, and likewise for beam trawls. Comparisons of the temporal and spatial datasets were 
carried out in the PRIMER™ software package using the mean CPUE values. 

A reduced taxa list for the Bray-Curtis matrix resulted in several entries being removed to allow greater clarity: 
clupeid indet., flatfish juv. indet., gadoid indet. and Gobiidae indet. Records for these groups were generally low 
in number and, as they all covered several species already listed in the taxa, they were removed. During the 
survey programme, Raitt’s sandeel (Ammodytes marinus) was confirmed from the catch in 2011 and 2014; 
however, due to the difficulty in determining the difference between this species and the congeneric A. tobianus, 
previous years’ analyses had grouped these sandeel under Ammodytes spp. This was continued for the 2014 
analyses.   
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 Results of Ichthyoplankton Statistics 
Table C.1 : Results of two-way crossed ANOSIM test between ichthyoplankton samples at all sites and all tides.  

Groups R p-value 

Global R = 0.015, p = 0.004 

Site 1, Site 2 0.023 0.055 

Site 1, Site 3 0 0.433 

Site 1, Site 4 0.01 0.211 

Site 1, Site 5 0.017 0.092 

Site 1, Site 6 0.045 0.003 

Site 1, Site 7 -0.042 0.85 

Site 2, Site 3 -0.015 0.85 

Site 2, Site 4 0.006 0.195 

Site 2, Site 5 0.005 0.272 

Site 2, Site 6 0.035 0.003 

Site 2, Site 7 -0.029 0.74 

Site 3, Site 4 -0.007 0.688 

Site 3, Site 5 -0.004 0.318 

Site 3, Site 6 0.032 0.012 

Site 3, Site 7 -0.017 0.633 

Site 4, Site 5 -0.004 0.687 

Site 4, Site 6 0.031 0.002 

Site 4, Site 7 -0.048 0.903 

Site 5, Site 6 0.059 0.001 

Site 5, Site 7 -0.01 0.554 

Site 6, Site 7 0.02 0.245 

 

Global R = 0.002, p = 0.351 

As p is >0.05, pairwise values are not reported. 

Table C.2 : Results of the SIMPER analysis showing all taxa contributing to the first 50% of dissimilarity within ichthyoplankton 

assemblages between significant sites.  Average abundance is fourth root transformed abundance (per 106 m3). 

Groups: Site 1 & 6 Average dissimilarity = 87.65    

 Group 1 Group 6     

Species Av. Abund. Av. Abund. Av. Diss. Diss/SD Contrib. % Cum. % 

Ammodytidae 269.89 154.48 22.03 0.83 25.14 25.14 

Gobiidae 80.45 72.95 9.23 0.70 10.53 35.66 

Pleuronectidae 154.81 25.04 7.19 0.65 8.20 43.86 

Blenniidae 32.61 45.74 6.75 0.47 7.70 51.56 

Groups: Site 2 & 6 Average dissimilarity = 85.27    

 Group 2 Group 6     

Species Av. Abund. Av. Abund. Av. Diss. Diss/SD Contrib. % Cum. % 
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Ammodytidae 186.45 154.48 21.47 0.85 25.17 25.17 

Gobiidae 86.21 72.95 10.33 0.72 12.12 37.29 

Blenniidae 66.35 45.74 9.38 0.58 11.00 48.29 

Labridae 45.00 55.95 7.21 0.58 8.46 56.75 

Groups: Site 3 & 6 Average dissimilarity = 85.28    

 Group 3 Group 6     

Species Av. Abund. Av. Abund. Av. Diss. Diss/SD Contrib. % Cum. % 

Ammodytidae 144.20 154.48 19.27 0.80 22.59 22.59 

Gobiidae 122.17 72.95 11.72 0.82 13.74 36.34 

Blenniidae 76.41 45.74 9.55 0.62 11.20 47.54 

Cottidae 83.95 41.63 7.28 0.65 8.53 56.07 

Groups: Site 4 & 6 Average dissimilarity = 87.66    

 Group 4 Group 6     

Species Av. Abund. Av. Abund. Av. Diss. Diss/SD Species Av. Abund. 

Ammodytidae 235.62 154.48 23.36 0.85 26.65 26.65 

Gobiidae 78.59 72.95 10.77 0.70 12.29 38.93 

Clupeidae 102.83 38.79 7.88 0.60 8.99 47.92 

Blenniidae 29.01 45.74 6.85 0.47 7.82 55.74 

Groups: Site 5 & 6 Average dissimilarity = 86.20    

 Group 5 Group 6     

Species Av. Abund. Av. Abund. Av. Diss. Diss/SD Species Av. Abund. 

Ammodytidae 219.51 154.48 21.77 0.86 25.26 25.26 

Gobiidae 70.08 72.95 8.54 0.72 9.90 35.16 

Clupeidae 126.50 38.79 7.48 0.68 8.67 43.83 

Callionymidae 90.91 31.11 7.42 0.64 8.61 52.45 

Table C.3 : Results of two-way crossed ANOSIM test between ichthyoplankton samples for all years and seasons. 

Groups R p-value 

Global R = 0.137, p = 0.001 

2010, 2011 0.17 0.001 

2010, 2012 0.086 0.001 

2010, 2013 0.192 0.001 

2010, 2014 0.045 0.062 

2011, 2012 0.115 0.001 

2011, 2013 0.288 0.001 

2011, 2014 0.172 0.001 

2012, 2013 0.109 0.001 

2012, 2014 0.034 0.022 

2013, 2014 0.078 0.002 

 

Global R = 0.491, p = 0.001 

Spring, Summer 0.546 0.001 
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Groups R p-value 

Spring, Autumn 0.674 0.001 

Spring, Winter 0.473 0.001 

Summer, Autumn 0.319 0.001 

Summer, Winter 0.458 0.001 

Autumn, Winter 0389 0.001 

Table C.4 : Results of the SIMPER analysis showing all taxa contributing to the first 50% of dissimilarity within ichthyoplankton 

assemblages between sampling years.  Average abundance is fourth root transformed abundance (per 106 m3). 

Groups: 2010 & 2011 Average dissimilarity = 85.11 

 Group 2010 Group 2011     

Species Av. Abund. Av. Abund. Av. Diss. Diss/SD Contrib. % Cum. % 

Ammodytidae 100.81 159.76 15.15 0.70 17.80 17.80 

Gobiidae 100.11 117.10 11.99 0.79 14.09 31.89 

Blenniidae 77.56 54.88 9.48 0.63 11.14 43.04 

Callionymidae 36.26 111.97 7.64 0.71 8.97 52.01 

Groups: 2010 & 2012 Average dissimilarity = 86.03 

 Group 2010 Group 2012     

Species Av. Abund. Av. Abund. Av. Diss. Diss/SD Contrib. % Cum. % 

Ammodytidae 100.81 354.95 27.04 0.98 31.43 31.43 

Gobiidae 100.11 46.40 9.14 0.74 10.63 42.06 

Blenniidae 77.56 21.81 7.31 0.61 8.50 50.55 

Groups: 2011 & 2012 Average dissimilarity = 83.97 

 Group 2011 Group 2012     

Species Av. Abund. Av. Abund. Av. Diss. Diss/SD Contrib. % Cum. % 

Ammodytidae 159.76 354.95 23.20 0.89 27.63 27.63 

Clupeidae 132.74 105.87 8.05 0.79 9.59 37.22 

Gobiidae 117.10 46.40 7.77 0.73 9.26 46.48 

Pleuronectidae 159.93 90.26 7.59 0.77 9.04 55.52 

Groups: 2010 & 2013 Average dissimilarity = 87.73 

 Group 2010 Group 2013     

Species Av. Abund. Av. Abund. Av. Diss. Diss/SD Contrib.% Cum.% 

Ammodytidae 100.81 147.80 19.52 0.82 22.25 22.25 

Gobiidae 100.11 43.80 12.24 0.77 13.95 36.20 

Blenniidae 77.56 27.39 10.23 0.63 11.67 47.86 

Cottidae 21.17 71.59 7.37 0.59 8.40 56.27 

Groups: 2011 & 2013 Average dissimilarity = 87.75 

 Group 2011 Group 2013     

Species Av. Abund. Av. Abund. Av. Diss. Diss/SD Contrib.% Cum.% 

Ammodytidae 159.76 147.80 17.08 0.78 19.47 19.47 

Gobiidae 117.10 43.80 9.89 0.74 11.27 30.74 

Cottidae 94.05 71.59 7.91 0.65 9.01 39.75 
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Callionymidae 111.97 23.61 7.81 0.64 8.91 48.65 

Groups: 2012 & 2013 Average dissimilarity = 85.56 

 Group 2012 Group 2013     

Species Av. Abund. Av. Abund. Av. Diss. Diss/SD Contrib.% Cum.% 

Ammodytidae 354.95 147.80 28.12 1.00 32.86 32.86 

Cottidae 55.79 71.59 7.09 0.67 8.29 41.15 

Clupeidae 105.87 27.25 6.84 0.67 7.99 49.14 

Gobiidae 46.40 43.80 6.38 0.59 7.45 56.60 

Groups: 2010 & 2014 Average dissimilarity = 83.59 

 Group 2010 Group 2014     

Species Av. Abund. Av. Abund. Av. Diss. Diss/SD Contrib.% Cum.% 

Ammodytidae 100.81 260.13 21.60 0.88 25.85 25.85 

Gobiidae 100.11 91.69 12.08 0.82 14.45 40.30 

Blenniidae 77.56 64.35 10.68 0.69 12.78 53.08 

Groups: 2011 & 2014 Average dissimilarity = 84.21 

 Group 2011 Group 2014     

Species Av. Abund. Av. Abund. Av. Diss. Diss/SD Contrib.% Cum.% 

Ammodytidae 159.76 260.13 18.82 0.82 22.35 22.35 

Gobiidae 117.10 91.69 10.43 0.75 12.38 34.74 

Blenniidae 54.88 64.35 8.44 0.57 10.02 44.76 

Clupeidae 132.74 78.18 8.20 0.71 9.74 54.50 

Groups: 2012 & 2014 Average dissimilarity = 81.48 

 Group 2012 Group 2014     

Species Av. Abund. Av. Abund. Av. Diss. Diss/SD Contrib.% Cum.% 

Ammodytidae 354.95 260.13 26.38 1.03 32.38 32.38 

Clupeidae 105.87 78.18 7.88 0.74 9.67 42.05 

Gobiidae 46.40 91.69 7.75 0.70 9.51 51.56 

Groups: 2013 & 2014 Average dissimilarity = 86.69 

 Group 2013 Group 2014     

Species Av. Abund. Av. Abund. Av. Diss. Diss/SD Contrib.% Cum.% 

Ammodytidae 147.80 260.13 23.00 0.91 26.53 26.53 

Gobiidae 43.80 91.69 10.35 0.71 11.94 38.47 

Blenniidae 27.39 64.35 9.11 0.57 10.50 48.98 

Clupeidae 27.25 78.18 6.83 0.58 7.88 56.86 

Table C.5 : Results of the SIMPER analysis showing all taxa contributing to the first 50% of dissimilarity within ichthyoplankton 

assemblages between seasons.  Average abundance is fourth root transformed abundance (per 106 m3). 

Groups: Spring & Summer Average dissimilarity = 89.68 

 Group Spring Group Summer     

Species Av. Abund. Av. Abund. Av. Diss. Diss/SD Contrib.% Cum.% 

Ammodytidae 366.55 34.35 20.49 0.93 22.85 22.85 

Pleuronectidae 232.20 7.30 10.12 0.93 11.29 34.14 
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Clupeidae 203.14 26.93 9.31 0.93 10.38 44.52 

Gobiidae 79.45 130.74 7.77 0.96 8.67 53.19 

Groups: Spring & Autumn Average dissimilarity = 92.24 

 Group Spring Group Autumn     

Species Av. Abund. Av. Abund. Av. Diss. Diss/SD Contrib.% Cum.% 

Ammodytidae 366.55 82.20 25.94 0.94 28.12 28.12 

Pleuronectidae 232.20 0.00 12.46 0.90 13.51 41.62 

Clupeidae 203.14 4.04 11.25 0.88 12.20 53.82 

Groups: Summer & Autumn Average dissimilarity = 93.68 

 Group Summer Group Autumn     

Species Av. Abund. Av. Abund. Av. Diss. Diss/SD Contrib.% Cum.% 

Gobiidae 130.74 10.21 19.34 0.93 20.65 20.65 

Blenniidae 107.73 13.72 17.51 0.78 18.69 39.34 

Ammodytidae 34.35 82.20 16.19 0.68 17.28 56.62 

Groups: Spring & Winter Average dissimilarity = 76.66 

 Group Spring Group Winter     

Species Av. Abund. Av. Abund. Av. Diss. Diss/SD Contrib.% Cum.% 

Ammodytidae 366.55 486.55 24.16 1.15 31.52 31.52 

Pleuronectidae 232.20 0.00 9.97 0.91 13.00 44.52 

Clupeidae 203.14 18.96 9.21 0.90 12.01 56.53 

Groups: Summer & Winter Average dissimilarity = 94.09 

 Group Summer Group Winter     

Species Av. Abund. Av. Abund. Av. Diss. Diss/SD Contrib.% Cum.% 

Ammodytidae 34.35 486.55 39.22 1.41 41.68 41.68 

Gobiidae 130.74 5.99 12.40 0.87 13.18 54.86 

Groups: Autumn & Winter Average dissimilarity = 84.93 

 Group Autumn Group Winter     

Species Av. Abund. Av. Abund. Av. Diss. Diss/SD Contrib.% Cum.% 

Ammodytidae     82.20    486.55   58.73    1.73    69.14 69.14 

 



Fish Survey Report  

 

 
60PO8007/AQE/REP/003 138 

 Presence/Absence of fish taxa 
Table D.1 : Presence/absence of fish taxa recorded from the seine nets, fish traps, diver surveys, subtidal, impingement, 

entrainment and ichthyoplankton surveys between 2010 and 2015. Those species only identified to family level are in bold. 

Latin name Common name 
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Taurulus bubalis Long-spined sea scorpion               
Agonus cataphractus Pogge               
Aphia minuta Transparent goby               
Ctenolabrus rupestris Goldsinny wrasse               
Merlangius merlangus Whiting               
Pollachius pollachius Pollack               
Symphodus melops Corkwing wrasse               
Callionymus lyra Common dragonet               
Callionymus reticulatus Reticulated dragonet               
Ciliata mustela Five-bearded rockling               
Clupea harengus Herring               
Dicentrarchus labrax Bass               
Echiichthys vipera Lesser weever               
Gadus morhua Cod               
Labrus bergylta Ballan wrasse               
Limanda limanda Dab               
Myoxocephalus scorpius Short-spined sea scorpion               
Parablennius gattorugine Tompot blenny               
Pholis gunnellus Butterfish               
Platichthys flesus Flounder               
Pleuronectes platessa Plaice               
Scyliorhinus canicula Lesser-spotted dogfish               
Spinachia spinachia Fifteen-spined stickleback               
Sprattus sprattus Sprat               
Syngnathus acus Greater pipefish               
Trisopterus minutus Poor cod               
Clupeidae Herring family               
Ammodytes tobianus Lesser sandeel               
Arnoglossus laterna Scaldfish               
Buglossidium luteum Solenette               
Entelurus aequoreus Snake pipefish               
Eutrigla gurnardus Grey gurnard               
Gobius paganellus Rock goby               
Gobiusculus flavescens Two-spotted goby               
Hyperoplus lanceolatus Greater sandeel               
Liparis montagui Montagu's sea snail               
Lipophrys pholis Shanny               
Pomatoschistus microps Common goby               
Pomatoschistus minutus Sand goby               
Scophthalmus rhombus Brill               
Solea solea Dover sole               
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Latin name Common name 
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Syngnathus rostellatus Nilsson's pipefish               
Callionymus spp. Dragonet genus               
Gadidae Cod family               
Pomatoschistus spp. Goby genus               
Ammodytes spp. Sandeel genus               
Blenniidae Blenny family               
Gobiidae Goby family               
Liparidae Sea snail family               
Ammodytes marinus Raitt's sandeel               
Atherina presbyter Sand smelt               
Cyclopterus lumpus Lumpsucker               
Diplecogaster bimaculata Two-spotted clingfish               
Gaidropsarus vulgaris Three-bearded rockling               
Liparis liparis Striped sea snail               
Microchirus variegatus Thickback sole               
Phrynorhombus norvegicus Norwegian topknot               
Scyliorhinus stellaris Bull huss               
Trisopterus luscus    Bib               
Zeugopterus punctatus Topknot               
Lotidae Rockling family               
Soleidae Sole family               
Labridae Wrasse family               
Cottidae Sea scorpion family               
Triglidae Gurnard family               
Belone belone Garfish               
Centrolabrus exoletus Rock cook wrasse               
Chelidonichthys cuculus  Red gurnard               
Chelon labrosus Thick-lipped grey mullet               
Chirolophis ascanii Yarrell's blenny               
Conger conger Conger eel               
Gasterosteus aculeatus Three-spined stickleback               
Gymnammodytes semisquamatus Smooth sandeel               
Labrus mixtus Cuckoo wrasse               
Liza aurata Golden grey mullet               
Melanogrammus aeglefinus Haddock               
Microstomus kitt Lemon sole               
Nerophis lumbriciformis Worm pipefish               
Pomatoschistus pictus Painted goby               
Raja clavata Thornback ray               
Raja montagui Spotted ray               
Raniceps raninus Tadpole fish               
Sardina pilchardus Pilchard               
Scomber scombrus Mackerel               
Thorogobius ephippiatus Leopard-spotted goby               
Trachurus trachurus Scad/horse mackerel               
Zeus faber John Dory               
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Latin name Common name 
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Mugilidae Mullet family               
Pleuronectidae Right-sided flatfish family               
Syngnathidae Pipefish family               
Indeterminate Indeterminate               
Blennius ocellaris Butterfly blenny               
Callionymus maculatus Spotted dragonet               
Ciliata septentrionalis Northern rockling               
Crystallogobius linearis Crystal goby               

Gobius niger Black goby               
Hippoglossoides platessoides Long rough dab 

 
            

Hippoglossus hippoglossus Atlantic halibut               
Lampetra fluviatilis River lamprey               
Liza ramada Thin-lipped grey mullet               
Maurolicus muelleri Pearlside               
Micrenophrys lilljeborgii  Norway bullhead 

 
            

Molva molva Ling               
Pollachius virens Saithe               
Psetta maxima Turbot               
Salmo trutta Sea trout               
Zeugopterus regius Eckstrom’s topknot               
Scyliorhinus sp. Dogfish genus               
Trisopterus sp. Poor cod genus               
Gobiesocidae Clingfish family               
Ammodytidae Sandeel family               
Callionymidae Dragonet family               
Lebetus sp. Goby species               
Bothidae Left-eyed flounder family               
Scophthalmidae  Topknot family               
Capros aper Boarfish               
Chelidonichthys lucernus Tub gurnard               
Galeorhinus galeus Tope                
Gobiesocidae spp. Clingfish               
Lepidorhombus whiffiagonis Megrim               
Lophius piscatorius Anglerfish               
Micromesistius poutassou Blue whiting               
Mullus surmeletus Red mullet               
Mustelus asterias Starry smooth hound               
Mustelus mustelus Smooth hound               
Pomatoschistus lozanoi Lozano’s goby               
Raja brachyura Blonde ray               
Raja microocellata Small-eyed ray               
Squalus acanthias Spurdog               
Dasyatis pastinaca Common stingray               
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 Feeding Guilds Explained 
Table G.1 : Feeding guilds of fish (Elliott et al., 2007). 

Guild Description Example species 

Zooplankton (Z) Species feeding on zooplankton 
Sprat, herring, lesser  sandeel, pipefish, 
goby spp.  

Benthovores (B) 
Species feeding principally on benthic 
organisms 

Flounder, pogge, wrasse spp., goby spp., 
dab 

Piscivores (P) Species feeding on other fish species Bass, cod, whiting, brill, turbot 

Detritivores (D) Species feeding on detritus  All mullet species 

Omnivores (O) Species feeding on a range of food types  
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 Results of Intertidal Survey Statistics 
Table F.1 : Results of the two-way crossed SIMPER analysis (factors were ‘Season’ and ‘Year’) showing all taxa contributing to 

similarities within intertidal fish communities between seasons. Average abundance is square root transformed.  

Group Spring Average similarity: 33.88 

Species Av. Abund. Av. Sim. Sim/SD Contrib.% Cum.% 

Ammodytes spp.  5.07  27.51   1.24    81.20 81.20 

Pleuronectes platessa 1.25   3.25   0.39     9.61 90.81 

Group Summer Average similarity: 40.23 

Species Av. Abund. Av. Sim. Sim/SD Contrib.% Cum.% 

Clupeidae 6.83  13.74   0.80    34.15 34.15 

Atherina presbyter 3.15  10.83   0.69    26.91 61.06 

Ammodytes spp. 2.97   7.73   1.09    19.22 80.28 

Pleuronectes platessa 3.05   5.18   0.61    12.87 93.16 

Group Autumn Average similarity: 37.77 

Species Av. Abund. Av. Sim. Sim/SD Contrib.% Cum.% 

Atherina presbyter  4.11  28.81   1.31    76.29 76.29 

Clupeidae 0.76   2.48   0.42     6.58 82.86 

Ammodytes spp. 0.42   2.14   0.26     5.66 88.52 

Pleuronectes platessa      0.56   1.80   0.33     4.76 

Group Winter Average similarity: 33.44 

Species Av. Abund. Av. Sim. Sim/SD Contrib.% Cum.% 

Atherina presbyter 2.09  25.50   1.16    76.24 76.24 

Pleuronectes platessa 0.44   1.83   0.28     5.48 81.73 

Clupeidae 0.30   1.36   0.18     4.06 85.79 

Mugilidae 0.28   1.32   0.26     3.96 89.74 

Spinachia spinachia 0.11   1.17   0.29     3.50 93.25 

Table F.2 : Results of the two-way crossed SIMPER analysis (factors were ‘Season’ and ‘Year’) showing all taxa contributing to 

dissimilarities within intertidal fish communities between seasons. Average abundance is square root transformed.  

Groups Spring  &  Summer Average dissimilarity = 79.32 

 Group Spring Group Summer     

Species Av. Abund. Av. Abund. Av. Diss. Diss/SD Contrib.%    Cum.% 

Clupeidae         0.34         6.83   23.54    1.01    29.68 29.68 

Ammodytes spp.         5.07         2.97   15.51    1.12    19.55 49.23 

Atherina presbyter         0.64         3.15   12.98    0.79    16.37 65.59 

Pleuronectes platessa         1.25         3.05   11.63    0.91    14.67 80.26 

Pomatoschistus spp.         0.11         1.07    4.35    0.49     5.49 85.75 

Psetta maxima         0.23         0.21    1.60    0.61     2.02 87.77 

Platichthys flesus         0.27         0.21    1.37    0.66     1.73 89.50 

Spinachia spinachia         0.03         0.24    1.16    0.33     1.46 90.96 
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Groups Spring  &  Autumn Average dissimilarity = 84.02 

 Group Spring Group Autumn     

Species Av. Abund. Av. Abund. Av. Diss. Diss/SD Contrib.% Cum.% 

Ammodytes spp.         5.07         0.42   26.07    1.31    31.03 31.03 

Atherina presbyter         0.64         4.11   25.56    1.30    30.42 61.45 

Pleuronectes platessa         1.25         0.56    8.66    0.83    10.31 71.76 

Clupeidae         0.34         0.76    6.29    0.67     7.48 79.24 

Psetta maxima         0.23         0.31    3.72    0.50     4.43 83.67 

Mugilidae         0.11         0.44    3.30    0.56     3.92 87.59 

Platichthys flesus         0.27         0.15    2.37    0.55     2.82 90.41 

Groups Summer  &  Autumn Average dissimilarity = 77.02 

 Group Summer Group Autumn     

Species Av. Abund. Av. Abund. Av. Diss. Diss/SD Contrib.% Cum.% 

Atherina presbyter         3.15         4.11   19.79    1.26    25.70 25.70 

Clupeidae         6.83         0.76   18.86    0.96    24.49 50.18 

Pleuronectes platessa         3.05         0.56   11.01    0.88    14.30 64.48 

Ammodytes spp.         2.97         0.42    9.95    1.02    12.92 77.40 

Pomatoschistus spp.         1.07         0.12    4.17    0.52     5.41 82.81 

Psetta maxima         0.21         0.31    2.24    0.48     2.91 85.73 

Mugilidae         0.13         0.44    1.97    0.59     2.56 88.29 

Spinachia spinachia         0.24         0.16    1.38    0.44     1.79 90.08 

Groups Spring  &  Winter Average dissimilarity = 87.06 

 Group Spring Group Winter     

Species Av. Abund. Av. Abund. Av. Diss. Diss/SD Contrib.% Cum.% 

Ammodytes spp.         5.07         0.33   32.95    1.57    37.85 37.85 

Atherina presbyter         0.64         2.09   18.94    1.09    21.76 59.60 

Pleuronectes platessa         1.25         0.44   10.76    0.88    12.36 71.96 

Clupeidae         0.34         0.30    6.84    0.61     7.86 79.82 

Mugilidae         0.11         0.28    3.16    0.56     3.63 83.45 

Psetta maxima         0.23         0.09    3.16    0.45     3.63 87.08 

Platichthys flesus         0.27         0.08    2.58    0.51     2.96 90.04 

Groups Summer  &  Winter Average dissimilarity = 78.09 

 Group Summer Group Winter                                

Species Av. Abund. Av. Abund. Av. Diss. Diss/SD Contrib.% Cum.% 

Atherina presbyter         3.15         2.09   20.91    1.14    26.78 26.78 

Clupeidae         6.83         0.30   14.70    0.86    18.83 45.61 

Pleuronectes platessa         3.05         0.44   13.42    0.92    17.19 62.79 

Ammodytes spp.         2.97         0.33   10.92    1.05    13.98 76.78 

Pomatoschistus spp.         1.07         0.08    4.42    0.51     5.66 82.44 

Hyperoplus lanceolatus         0.26         0.00    2.01    0.31     2.57 85.02 

Mugilidae         0.13         0.28    1.93    0.61     2.48 87.49 
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Psetta maxima         0.21         0.09    1.88    0.56     2.41 89.90 

Scophthalmus rhombus         0.16         0.13    1.81    0.68     2.31 92.22 

Groups Autumn  &  Winter Average dissimilarity = 68.81 

 Group Autumn Group Winter                                

Species Av. Abund. Av. Abund. Av. Diss. Diss/SD Contrib.% Cum.% 

Atherina presbyter         4.11         2.09   25.72    1.31    37.38 37.38 

Pleuronectes platessa         0.56         0.44    7.25    0.83    10.54 47.92 

Ammodytes spp.         0.42         0.33    6.64    0.63     9.65 57.57 

Clupeidae         0.76         0.30    5.89    0.59     8.56 66.13 

Mugilidae         0.44         0.28    5.39    0.69     7.83 73.96 

Psetta maxima         0.31         0.09    5.13    0.54     7.46 81.42 

Spinachia spinachia         0.16         0.11    2.26    0.53     3.29 84.71 

Platichthys flesus         0.15         0.08    1.99    0.54     2.89 87.60 

Scophthalmus rhombus         0.01         0.13    1.97    0.33     2.86 90.46 

Table F.3 : Results of the one-way SIMPER analysis (factors was ‘Site’) showing all taxa contributing to dissimilarities within 

intertidal fish communities between sites. Average abundance is square root transformed.  

Groups IF01  &  IF02 Average dissimilarity = 72.47 

  Group IF1 Group IF2                                

Species  Av.Abund  Av.Abund Av.Diss Diss/SD Contrib% Cum.% 

Ammodytes spp. 3.46 1.73 19.69 1.1 27.17 27.17 

Atherina presbyter 2.73 1.85 19.3 1.11 26.64 53.8 

Pleuronectes platessa 1.63 0.85 7.86 1.32 10.84 64.64 

Psetta maxima 0.49 1.13 7.3 0.86 10.07 74.72 

Clupeidae 0.37 0.36 3.36 0.7 4.63 79.35 

Mugilidae 0.15 0.33 3.2 0.55 4.42 83.76 

Hyperoplus lanceolatus 0.41 0.33 2.95 0.43 4.07 87.83 

Scophthalmus rhombus 0.14 0.33 2.95 0.56 4.07 91.9 

Groups IF01  &  IF03 Average dissimilarity = 73.00 

  Group IF1 Group IF3                                

Species  Av.Abund  Av.Abund Av.Diss Diss/SD Contrib% Cum.% 

Ammodytes spp. 3.46 2.91 20.24 1.09 27.73 27.73 

Atherina presbyter 2.73 2.42 17.02 1.11 23.32 51.05 

Pleuronectes platessa 1.63 1.18 8.75 1.32 11.98 63.03 

Clupeidae 0.37 2.09 8.62 0.84 11.81 74.84 

Pomatoschistus spp. 0.39 0.49 3.37 0.74 4.61 79.45 

Psetta maxima 0.49 0.03 2.95 0.88 4.04 83.5 

Echiichthys vipera 0.15 0.38 1.66 0.82 2.27 85.76 

Mugilidae 0.15 0.09 1.63 0.4 2.23 88 

Hyperoplus lanceolatus 0.41 0.04 1.6 0.34 2.19 90.19 
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Groups IF02  &  IF03 Average dissimilarity = 80.43 

  Group IF2 Group IF3                                

Species  Av.Abund  Av.Abund Av.Diss Diss/SD Contrib% Cum.% 

Ammodytes spp. 1.73 2.91 17.82 1.05 22.16 22.16 

Atherina presbyter 1.85 2.42 17.02 1.1 21.17 43.33 

Clupeidae 0.36 2.09 9.74 0.85 12.11 55.44 

Psetta maxima 1.13 0.03 8.8 0.78 10.94 66.38 

Pleuronectes platessa 0.85 1.18 7.87 1.04 9.78 76.16 

Mugilidae 0.33 0.09 3.41 0.53 4.24 80.4 

Scophthalmus rhombus 0.33 0 2.69 0.45 3.35 83.75 

Spinachia spinachia 0.13 0.27 2.44 0.44 3.04 86.78 

Pomatoschistus spp. 0 0.49 2.4 0.65 2.99 89.77 

Hyperoplus lanceolatus 0.33 0.04 1.96 0.33 2.43 92.2 

Groups IF01  &  IF05 Average dissimilarity = 77.03 

  Group IF1 Group IF5                                

Species  Av.Abund  Av.Abund Av.Diss Diss/SD Contrib% Cum.% 

Atherina presbyter 2.73 4.6 24.33 1.29 31.58 31.58 

Ammodytes spp. 3.46 1.32 17.72 1 23.01 54.59 

Clupeidae 0.37 2.79 11.81 0.66 15.33 69.91 

Pleuronectes platessa 1.63 0 8.46 1.48 10.98 80.9 

Psetta maxima 0.49 0 2.97 0.9 3.86 84.75 

Pomatoschistus spp. 0.39 0 1.87 0.43 2.43 87.18 

Mugilidae 0.15 0.14 1.76 0.5 2.28 89.46 

Hyperoplus lanceolatus 0.41 0.12 1.66 0.35 2.16 91.62 

Groups IF02  &  IF05 Average dissimilarity = 83.09 

  Group IF2 Group IF5                                

Species  Av.Abund  Av.Abund Av.Diss Diss/SD Contrib% Cum.% 

Atherina presbyter 1.85 4.6 28.51 1.29 34.31 34.31 

Ammodytes spp. 1.73 1.32 13.45 0.92 16.19 50.5 

Clupeidae 0.36 2.79 13.24 0.67 15.94 66.44 

Psetta maxima 1.13 0 8.78 0.8 10.57 77.01 

Pleuronectes platessa 0.85 0 5.26 0.93 6.33 83.34 

Mugilidae 0.33 0.14 3.45 0.58 4.15 87.49 

Spinachia spinachia 0.13 0.15 2.74 0.48 3.3 90.79 

Groups IF03  &  IF05 Average dissimilarity = 77.11 

  Group IF3 Group IF5                                

Species  Av.Abund  Av.Abund Av.Diss Diss/SD Contrib% Cum.% 

Atherina presbyter 2.42 4.6 25.4 1.25 32.94 32.94 

Clupeidae 2.09 2.79 16.35 0.87 21.2 54.14 
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Ammodytes spp. 2.91 1.32 15.2 0.93 19.72 73.86 

Pleuronectes platessa 1.18 0 5.63 0.73 7.3 81.16 

Spinachia spinachia 0.27 0.15 2.3 0.57 2.99 84.14 

Pomatoschistus spp. 0.49 0 2.24 0.63 2.9 87.04 

Mugilidae 0.09 0.14 1.76 0.49 2.29 89.33 

Echiichthys vipera 0.38 0 1.43 0.67 1.85 91.18 

Groups IF01  &  IF06 Average dissimilarity = 70.01 

  Group IF1 Group IF6                                

Species  Av.Abund  Av.Abund Av.Diss Diss/SD Contrib% Cum.% 

Ammodytes spp. 3.46 3.42 19.26 1.02 27.52 27.52 

Atherina presbyter 2.73 1.23 14.08 1.03 20.11 47.63 

Pleuronectes platessa 1.63 3.01 11.79 1.08 16.85 64.47 

Clupeidae 0.37 1.18 5.09 0.72 7.27 71.74 

Platichthys flesus 0.13 0.76 3.48 0.89 4.97 76.71 

Mugilidae 0.15 0.68 3.41 0.57 4.88 81.59 

Pomatoschistus spp. 0.39 0.6 3.29 0.65 4.7 86.29 

Psetta maxima 0.49 0.48 2.84 0.94 4.05 90.35 

Groups IF02  &  IF06 Average dissimilarity = 76.71 

  Group IF2 Group IF6                                

Species  Av.Abund  Av.Abund Av.Diss Diss/SD Contrib% Cum.% 

Ammodytes spp. 1.73 3.42 16.25 0.9 21.18 21.18 

Pleuronectes platessa 0.85 3.01 13.94 1.06 18.17 39.35 

Atherina presbyter 1.85 1.23 13.66 0.99 17.81 57.17 

Psetta maxima 1.13 0.48 7.11 0.8 9.27 66.44 

Clupeidae 0.36 1.18 5.64 0.73 7.35 73.79 

Mugilidae 0.33 0.68 4.76 0.66 6.21 80 

Platichthys flesus 0.04 0.76 4.03 0.86 5.26 85.26 

Scophthalmus rhombus 0.33 0.21 2.89 0.6 3.77 89.02 

Pomatoschistus spp. 0 0.6 2.18 0.48 2.85 91.87 

Groups IF03  &  IF06 Average dissimilarity = 76.03 

  Group IF3 Group IF6                                

Species  Av.Abund  Av.Abund Av.Diss Diss/SD Contrib% Cum.% 

Ammodytes spp. 2.91 3.42 17.38 0.94 22.86 22.86 

Pleuronectes platessa 1.18 3.01 13.94 1.06 18.34 41.2 

Atherina presbyter 2.42 1.23 12.26 0.99 16.12 57.32 

Clupeidae 2.09 1.18 9.89 0.91 13.01 70.33 

Platichthys flesus 0.22 0.76 3.82 0.84 5.02 75.35 

Mugilidae 0.09 0.68 3.5 0.55 4.6 79.95 

Pomatoschistus spp. 0.49 0.6 3.46 0.76 4.56 84.5 

Psetta maxima 0.03 0.48 2.6 0.81 3.42 87.92 
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Echiichthys vipera 0.38 0.33 2.37 0.73 3.12 91.04 

Groups IF05  &  IF06 Average dissimilarity = 82.67 

  Group IF5 Group IF6                                

Species  Av.Abund  Av.Abund Av.Diss Diss/SD Contrib% Cum.% 

Atherina presbyter 4.6 1.23 21.71 1.14 26.27 26.27 

Pleuronectes platessa 0 3.01 14.59 1.08 17.65 43.92 

Ammodytes spp. 1.32 3.42 13.75 0.79 16.64 60.55 

Clupeidae 2.79 1.18 12.94 0.74 15.65 76.2 

Platichthys flesus 0 0.76 3.78 0.83 4.57 80.77 

Mugilidae 0.14 0.68 3.52 0.59 4.26 85.03 

Psetta maxima 0 0.48 2.6 0.82 3.15 88.18 

Pomatoschistus spp. 0 0.6 2.06 0.48 2.49 90.67 

Groups IF01  &  IF07 Average dissimilarity = 68.22 

  Group IF1 Group IF7                                

Species  Av.Abund  Av.Abund Av.Diss Diss/SD Contrib% Cum.% 

Ammodytes spp. 3.46 2.87 19.78 1.07 29 29 

Atherina presbyter 2.73 3.3 18.8 1.16 27.56 56.55 

Clupeidae 0.37 1.78 7.9 0.59 11.58 68.13 

Pleuronectes platessa 1.63 0.82 7.89 1.39 11.57 79.7 

Psetta maxima 0.49 0.03 2.72 0.93 3.99 83.69 

Pomatoschistus spp. 0.39 0.25 2.71 0.66 3.97 87.65 

Mugilidae 0.15 0.21 1.69 0.55 2.48 90.14 

Groups IF02  &  IF07 Average dissimilarity = 77.70 

  Group IF2 Group IF7                                

Species  Av.Abund  Av.Abund Av.Diss Diss/SD Contrib% Cum.% 

Atherina presbyter 1.85 3.3 22.44 1.16 28.89 28.89 

Ammodytes spp. 1.73 2.87 18.14 1 23.34 52.23 

Clupeidae 0.36 1.78 8.89 0.61 11.44 63.67 

Psetta maxima 1.13 0.03 7.95 0.82 10.23 73.9 

Pleuronectes platessa 0.85 0.82 7.02 1.03 9.04 82.94 

Mugilidae 0.33 0.21 3.15 0.61 4.06 86.99 

Scophthalmus rhombus 0.33 0.08 2.62 0.52 3.38 90.37 

Groups IF03  &  IF07 Average dissimilarity = 71.71 

  Group IF3 Group IF7                                

Species  Av.Abund  Av.Abund Av.Diss Diss/SD Contrib% Cum.% 

Ammodytes spp. 2.91 2.87 18.94 1.01 26.42 26.42 

Atherina presbyter 2.42 3.3 18.81 1.06 26.23 52.65 

Clupeidae 2.09 1.78 12.62 0.86 17.59 70.24 

Pleuronectes platessa 1.18 0.82 7.38 0.92 10.29 80.53 
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Pomatoschistus spp. 0.49 0.25 2.84 0.81 3.95 84.49 

Mugilidae 0.09 0.21 1.66 0.56 2.32 86.8 

Spinachia spinachia 0.27 0.08 1.47 0.54 2.05 88.85 

Echiichthys vipera 0.38 0 1.36 0.68 1.9 90.75 

Groups IF05  &  IF07 Average dissimilarity = 71.31 

  Group IF5 Group IF7                                

Species  Av.Abund  Av.Abund Av.Diss Diss/SD Contrib% Cum.% 

Atherina presbyter 4.6 3.3 25.08 1.28 35.17 35.17 

Ammodytes spp. 1.32 2.87 15.99 0.9 22.42 57.59 

Clupeidae 2.79 1.78 15.75 0.79 22.09 79.68 

Pleuronectes platessa 0 0.82 4.97 0.68 6.98 86.66 

Mugilidae 0.14 0.21 1.64 0.71 2.3 88.96 

Spinachia spinachia 0.15 0.08 1.64 0.49 2.3 91.26 

Groups IF06  &  IF07 Average dissimilarity = 74.06 

  Group IF6 Group IF7                                

Species  Av.Abund  Av.Abund Av.Diss Diss/SD Contrib% Cum.% 

Ammodytes spp. 3.42 2.87 17.95 0.94 24.24 24.24 

Atherina presbyter 1.23 3.3 15.65 0.97 21.13 45.36 

Pleuronectes platessa 3.01 0.82 12.96 1.11 17.5 62.87 

Clupeidae 1.18 1.78 9.39 0.69 12.68 75.55 

Platichthys flesus 0.76 0.06 3.5 0.87 4.73 80.28 

Mugilidae 0.68 0.21 3.31 0.6 4.48 84.75 

Pomatoschistus spp. 0.6 0.25 2.84 0.66 3.83 88.59 

Psetta maxima 0.48 0.03 2.44 0.86 3.29 91.88 

Groups IF01  &  IF10 Average dissimilarity = 75.86 

  Group IF1 Group 
IF10                                

Species  Av.Abund   
Av.Abund Av.Diss Diss/SD Contrib% Cum.% 

Atherina presbyter 2.73 3.59 19.93 1.28 26.27 26.27 

Ammodytes spp. 3.46 0.77 17.87 0.95 23.55 49.83 

Pleuronectes platessa 1.63 0.21 7.91 1.46 10.43 60.25 

Clupeidae 0.37 1.07 5.88 0.76 7.74 68 

Pomatoschistus spp. 0.39 1 5.8 0.53 7.64 75.64 

Psetta maxima 0.49 0 2.89 0.97 3.81 79.45 

Mugilidae 0.15 0.32 2.57 0.62 3.39 82.84 

Spinachia spinachia 0 0.51 2.44 0.55 3.22 86.06 

Platichthys flesus 0.13 0.17 1.59 0.62 2.1 88.16 

Pollachius pollachius 0 0.27 1.45 0.52 1.91 90.07 

Groups IF02  &  IF10 Average dissimilarity = 84.19 

  Group IF2 Group 
IF10                                
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Species  Av.Abund   
Av.Abund Av.Diss Diss/SD Contrib% Cum.% 

Atherina presbyter 1.85 3.59 24.85 1.34 29.52 29.52 

Ammodytes spp. 1.73 0.77 13.66 0.81 16.22 45.74 

Psetta maxima 1.13 0 8.47 0.85 10.06 55.8 

Clupeidae 0.36 1.07 6.59 0.78 7.83 63.63 

Pomatoschistus spp. 0 1 5.29 0.43 6.28 69.91 

Pleuronectes platessa 0.85 0.21 5.26 1.01 6.24 76.16 

Mugilidae 0.33 0.32 4.02 0.7 4.77 80.93 

Spinachia spinachia 0.13 0.51 3.63 0.59 4.32 85.25 

Scophthalmus rhombus 0.33 0 2.56 0.49 3.04 88.29 

Hyperoplus lanceolatus 0.33 0 1.72 0.3 2.05 90.33 

Groups IF03  &  IF10 Average dissimilarity = 75.64 

  Group IF3 Group 
IF10                                

Species  Av.Abund   
Av.Abund Av.Diss Diss/SD Contrib% Cum.% 

Atherina presbyter 2.42 3.59 19.98 1.14 26.41 26.41 

Ammodytes spp. 2.91 0.77 14.9 0.82 19.7 46.11 

Clupeidae 2.09 1.07 10.84 0.96 14.33 60.45 

Pomatoschistus spp. 0.49 1 5.99 0.53 7.92 68.37 

Pleuronectes platessa 1.18 0.21 5.82 0.82 7.69 76.06 

Spinachia spinachia 0.27 0.51 3.26 0.69 4.32 80.38 

Mugilidae 0.09 0.32 2.6 0.6 3.44 83.81 

Platichthys flesus 0.22 0.17 1.85 0.62 2.44 86.26 

Pollachius pollachius 0.09 0.27 1.72 0.58 2.27 88.53 

Echiichthys vipera 0.38 0 1.42 0.69 1.87 90.4 

Groups IF05  &  IF10 Average dissimilarity = 71.83 

  Group IF5 Group 
IF10                                

Species  Av.Abund   
Av.Abund Av.Diss Diss/SD Contrib% Cum.% 

Atherina presbyter 4.6 3.59 26.22 1.37 36.51 36.51 

Clupeidae 2.79 1.07 14.27 0.78 19.87 56.38 

Ammodytes spp. 1.32 0.77 10.19 0.66 14.18 70.56 

Pomatoschistus spp. 0 1 4.94 0.42 6.88 77.44 

Spinachia spinachia 0.15 0.51 3.42 0.7 4.77 82.21 

Mugilidae 0.14 0.32 2.66 0.71 3.71 85.92 

Pollachius pollachius 0.1 0.27 1.76 0.59 2.45 88.36 

Dicentrarchus labrax 0.05 0.17 1.49 0.45 2.08 90.44 

Groups IF06  &  IF10 Average dissimilarity = 79.61 

  Group IF6 Group 
IF10                                

Species  Av.Abund   
Av.Abund Av.Diss Diss/SD Contrib% Cum.% 

Atherina presbyter 1.23 3.59 16.55 1.02 20.79 20.79 
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Pleuronectes platessa 3.01 0.21 13.9 1.09 17.45 38.25 

Ammodytes spp. 3.42 0.77 13.82 0.74 17.36 55.6 

Clupeidae 1.18 1.07 7.46 0.83 9.38 64.98 

Pomatoschistus spp. 0.6 1 5.76 0.53 7.24 72.21 

Mugilidae 0.68 0.32 4.01 0.67 5.04 77.26 

Platichthys flesus 0.76 0.17 3.81 0.92 4.78 82.04 

Psetta maxima 0.48 0 2.56 0.86 3.21 85.25 

Spinachia spinachia 0.06 0.51 2.46 0.57 3.09 88.34 

Echiichthys vipera 0.33 0 1.57 0.5 1.98 90.32 

Groups IF07  &  IF10 Average dissimilarity = 70.80 

  Group IF7 Group 
IF10                                

Species  Av.Abund   
Av.Abund Av.Diss Diss/SD Contrib% Cum.% 

Atherina presbyter 3.3 3.59 19.83 1.19 28.01 28.01 

Ammodytes spp. 2.87 0.77 16.28 0.87 23 51.01 

Clupeidae 1.78 1.07 10.35 0.74 14.62 65.63 

Pomatoschistus spp. 0.25 1 5.25 0.49 7.41 73.04 

Pleuronectes platessa 0.82 0.21 5.13 0.76 7.24 80.28 

Spinachia spinachia 0.08 0.51 2.69 0.62 3.79 84.08 

Mugilidae 0.21 0.32 2.49 0.76 3.52 87.59 

Pollachius pollachius 0.03 0.27 1.55 0.56 2.19 89.79 

Platichthys flesus 0.06 0.17 1.28 0.52 1.8 91.59 

Groups IF01  &  IF09 Average dissimilarity = 76.78 

  Group IF1 Group IF9                                

Species  Av.Abund  Av.Abund Av.Diss Diss/SD Contrib% Cum.% 

Atherina presbyter 2.73 3.31 20.18 1.27 26.28 26.28 

Ammodytes spp. 3.46 0.72 17.61 0.95 22.94 49.22 

Clupeidae 0.37 3.24 13.77 0.72 17.94 67.15 

Pleuronectes platessa 1.63 0.06 8.54 1.47 11.13 78.28 

Pomatoschistus spp. 0.39 0.69 3.91 0.46 5.09 83.37 

Psetta maxima 0.49 0 3.13 0.92 4.08 87.45 

Mugilidae 0.15 0.14 1.64 0.45 2.14 89.59 

Hyperoplus lanceolatus 0.41 0.07 1.62 0.34 2.11 91.7 

Groups IF02  &  IF09 Average dissimilarity = 83.37 

  Group IF2 Group IF9                                

Species  Av.Abund  Av.Abund Av.Diss Diss/SD Contrib% Cum.% 

Atherina presbyter 1.85 3.31 23.75 1.34 28.48 28.48 

Clupeidae 0.36 3.24 15.63 0.75 18.75 47.24 

Ammodytes spp. 1.73 0.72 12.83 0.88 15.39 62.62 

Psetta maxima 1.13 0 9.34 0.81 11.21 73.83 

Pleuronectes platessa 0.85 0.06 5.52 0.95 6.62 80.45 
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Mugilidae 0.33 0.14 3.54 0.55 4.25 84.7 

Scophthalmus rhombus 0.33 0 2.85 0.47 3.42 88.12 

Spinachia spinachia 0.13 0.18 2.41 0.44 2.89 91.01 

Groups IF03  &  IF09 Average dissimilarity = 75.71 

  Group IF3 Group IF9                                

Species  Av.Abund  Av.Abund Av.Diss Diss/SD Contrib% Cum.% 

Atherina presbyter 2.42 3.31 20.34 1.24 26.87 26.87 

Clupeidae 2.09 3.24 18.35 0.94 24.23 51.1 

Ammodytes spp. 2.91 0.72 14.46 0.86 19.1 70.2 

Pleuronectes platessa 1.18 0.06 6.06 0.76 8 78.21 

Pomatoschistus spp. 0.49 0.69 4.29 0.51 5.66 83.87 

Spinachia spinachia 0.27 0.18 2.08 0.62 2.74 86.61 

Mugilidae 0.09 0.14 1.65 0.45 2.17 88.78 

Echiichthys vipera 0.38 0 1.49 0.67 1.96 90.75 

Groups IF05  &  IF09 Average dissimilarity = 69.48 

  Group IF5 Group IF9                                

Species  Av.Abund  Av.Abund Av.Diss Diss/SD Contrib% Cum.% 

Atherina presbyter 4.6 3.31 27.13 1.29 39.05 39.05 

Clupeidae 2.79 3.24 21.5 0.91 30.94 69.99 

Ammodytes spp. 1.32 0.72 9.3 0.73 13.38 83.37 

Spinachia spinachia 0.15 0.18 2.27 0.57 3.26 86.64 

Pomatoschistus spp. 0 0.69 2.22 0.27 3.19 89.83 

Mugilidae 0.14 0.14 1.72 0.61 2.48 92.31 

Groups IF06  &  IF09 Average dissimilarity = 81.55 

  Group IF6 Group IF9                                

Species  Av.Abund  Av.Abund Av.Diss Diss/SD Contrib% Cum.% 

Atherina presbyter 1.23 3.31 16.75 1.13 20.54 20.54 

Pleuronectes platessa 3.01 0.06 14.99 1.09 18.37 38.91 

Clupeidae 1.18 3.24 14.93 0.8 18.31 57.22 

Ammodytes spp. 3.42 0.72 12.95 0.75 15.88 73.11 

Pomatoschistus spp. 0.6 0.69 3.97 0.47 4.87 77.98 

Platichthys flesus 0.76 0 3.96 0.83 4.86 82.84 

Mugilidae 0.68 0.14 3.59 0.57 4.4 87.24 

Psetta maxima 0.48 0 2.74 0.83 3.36 90.59 

Groups IF07  &  IF09 Average dissimilarity = 71.00 

  Group IF7 Group IF9                                

Species  Av.Abund  Av.Abund Av.Diss Diss/SD Contrib% Cum.% 

Atherina presbyter 3.3 3.31 21 1.18 29.57 29.57 

Clupeidae 1.78 3.24 17.54 0.85 24.7 54.28 
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Ammodytes spp. 2.87 0.72 15.69 0.85 22.1 76.37 

Pleuronectes platessa 0.82 0.06 5.34 0.71 7.52 83.89 

Pomatoschistus spp. 0.25 0.69 3.46 0.43 4.88 88.77 

Mugilidae 0.21 0.14 1.63 0.72 2.29 91.06 

Groups IF10  &  IF09 Average dissimilarity = 70.69 

  Group 
IF10 Group IF9                                

Species   
Av.Abund  Av.Abund Av.Diss Diss/SD Contrib% Cum.% 

Atherina presbyter 3.59 3.31 22.01 1.29 31.14 31.14 

Clupeidae 1.07 3.24 16.31 0.85 23.07 54.21 

Ammodytes spp. 0.77 0.72 8.57 0.57 12.13 66.34 

Pomatoschistus spp. 1 0.69 6.94 0.51 9.82 76.15 

Spinachia spinachia 0.51 0.18 3.28 0.7 4.63 80.79 

Mugilidae 0.32 0.14 2.69 0.67 3.81 84.6 

Pollachius pollachius 0.27 0.08 1.8 0.57 2.55 87.14 

Dicentrarchus labrax 0.17 0.06 1.5 0.47 2.12 89.26 

Taurulus bubalis 0.23 0.03 1.42 0.46 2.01 91.27 

Groups IF01  &  IF11 Average dissimilarity = 73.64 

  Group IF1 Group 
IF11                                

Species  Av.Abund   
Av.Abund Av.Diss Diss/SD Contrib% Cum.% 

Ammodytes spp. 3.46 3.35 19.83 1.11 26.92 26.92 

Atherina presbyter 2.73 0.61 14.8 0.9 20.1 47.03 

Clupeidae 0.37 7.17 13.56 0.61 18.42 65.45 

Pleuronectes platessa 1.63 2.5 10.54 1.15 14.32 79.77 

Pomatoschistus spp. 0.39 0.31 3.21 0.57 4.36 84.13 

Psetta maxima 0.49 0.2 3.05 0.84 4.14 88.27 

Echiichthys vipera 0.15 0.51 2.27 0.61 3.08 91.35 

Groups IF02  &  IF11 Average dissimilarity = 79.19 

  Group IF2 Group 
IF11                                

Species  Av.Abund   
Av.Abund Av.Diss Diss/SD Contrib% Cum.% 

Ammodytes spp. 1.73 3.35 17.8 1.08 22.47 22.47 

Clupeidae 0.36 7.17 14.52 0.62 18.34 40.81 

Atherina presbyter 1.85 0.61 11.35 0.76 14.33 55.14 

Pleuronectes platessa 0.85 2.5 11.29 1.02 14.25 69.39 

Psetta maxima 1.13 0.2 8.29 0.75 10.47 79.85 

Mugilidae 0.33 0 2.84 0.44 3.58 83.44 

Scophthalmus rhombus 0.33 0.03 2.66 0.45 3.36 86.8 

Platichthys flesus 0.04 0.39 2.41 0.73 3.05 89.84 

Echiichthys vipera 0.05 0.51 2.37 0.55 3 92.84 
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Groups IF03  &  IF11 Average dissimilarity = 76.84 

  Group IF3 Group 
IF11                                

Species  Av.Abund   
Av.Abund Av.Diss Diss/SD Contrib% Cum.% 

Ammodytes spp. 2.91 3.35 18.94 1.08 24.65 24.65 

Clupeidae 2.09 7.17 18.24 0.82 23.73 48.38 

Atherina presbyter 2.42 0.61 12.2 0.88 15.88 64.26 

Pleuronectes platessa 1.18 2.5 11.42 0.98 14.87 79.12 

Pomatoschistus spp. 0.49 0.31 3.47 0.57 4.52 83.64 

Echiichthys vipera 0.38 0.51 2.91 0.72 3.79 87.43 

Platichthys flesus 0.22 0.39 2.54 0.74 3.3 90.74 

Groups IF05  &  IF11 Average dissimilarity = 84.72 

  Group IF5 Group 
IF11                                

Species  Av.Abund   
Av.Abund Av.Diss Diss/SD Contrib% Cum.% 

Atherina presbyter 4.6 0.61 23.99 1.08 28.31 28.31 

Clupeidae 2.79 7.17 20.94 0.81 24.72 53.03 

Ammodytes spp. 1.32 3.35 15.84 0.99 18.69 71.72 

Pleuronectes platessa 0 2.5 10.6 0.9 12.51 84.23 

Platichthys flesus 0 0.39 2.24 0.68 2.65 86.88 

Pomatoschistus spp. 0 0.31 2.2 0.37 2.6 89.48 

Echiichthys vipera 0 0.51 2.06 0.5 2.44 91.91 

Groups IF06  &  IF11 Average dissimilarity = 74.26 

  Group IF6 Group 
IF11                                

Species  Av.Abund   
Av.Abund Av.Diss Diss/SD Contrib% Cum.% 

Ammodytes spp. 3.42 3.35 17.58 0.98 23.67 23.67 

Clupeidae 1.18 7.17 14.82 0.68 19.96 43.62 

Pleuronectes platessa 3.01 2.5 14.56 1.1 19.61 63.23 

Atherina presbyter 1.23 0.61 8.65 0.75 11.65 74.88 

Platichthys flesus 0.76 0.39 3.71 0.85 4.99 79.88 

Pomatoschistus spp. 0.6 0.31 3.34 0.58 4.5 84.37 

Mugilidae 0.68 0 3.02 0.49 4.07 88.44 

Echiichthys vipera 0.33 0.51 2.9 0.68 3.9 92.35 

Groups IF07  &  IF11 Average dissimilarity = 76.38 

  Group IF7 Group 
IF11                                

Species  Av.Abund   
Av.Abund Av.Diss Diss/SD Contrib% Cum.% 

Ammodytes spp. 2.87 3.35 18.47 1.02 24.18 24.18 

Atherina presbyter 3.3 0.61 17.71 0.92 23.19 47.36 

Clupeidae 1.78 7.17 17.69 0.75 23.17 70.53 
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Pleuronectes platessa 0.82 2.5 10.46 0.98 13.7 84.23 

Pomatoschistus spp. 0.25 0.31 2.72 0.54 3.56 87.79 

Platichthys flesus 0.06 0.39 2.08 0.73 2.72 90.52 

Groups IF10  &  IF11 Average dissimilarity = 84.54 

  Group 
IF10 

Group 
IF11                                

Species   
Av.Abund 

  
Av.Abund Av.Diss Diss/SD Contrib% Cum.% 

Atherina presbyter 3.59 0.61 19.69 1.03 23.29 23.29 

Ammodytes spp. 0.77 3.35 16.25 0.93 19.22 42.52 

Clupeidae 1.07 7.17 16.06 0.72 19 61.52 

Pleuronectes platessa 0.21 2.5 10.26 0.93 12.13 73.65 

Pomatoschistus spp. 1 0.31 5.74 0.5 6.79 80.44 

Platichthys flesus 0.17 0.39 2.56 0.8 3.02 83.47 

Spinachia spinachia 0.51 0 2.49 0.53 2.95 86.41 

Mugilidae 0.32 0 2.11 0.53 2.49 88.91 

Echiichthys vipera 0 0.51 2.04 0.51 2.41 91.32 

Groups IF09  &  IF11 Average dissimilarity = 83.91 

  Group IF9 Group 
IF11                                

Species  Av.Abund   
Av.Abund Av.Diss Diss/SD Contrib% Cum.% 

Clupeidae 3.24 7.17 23.39 0.9 27.88 27.88 

Atherina presbyter 3.31 0.61 18.84 1.06 22.45 50.32 

Ammodytes spp. 0.72 3.35 15.62 0.95 18.62 68.94 

Pleuronectes platessa 0.06 2.5 11.03 0.93 13.15 82.09 

Pomatoschistus spp. 0.69 0.31 4.22 0.45 5.03 87.12 

Platichthys flesus 0 0.39 2.36 0.71 2.82 89.94 

Echiichthys vipera 0 0.51 2.15 0.5 2.57 92.5 

Groups IF01  &  IF12 Average dissimilarity = 75.10 

  Group IF1 Group 
IF12                                

Species  Av.Abund   
Av.Abund Av.Diss Diss/SD Contrib% Cum.% 

Ammodytes spp. 3.46 3.1 18.71 1.02 24.92 24.92 

Pleuronectes platessa 1.63 5.56 16.22 1.2 21.6 46.52 

Atherina presbyter 2.73 0.87 14.7 0.88 19.58 66.09 

Clupeidae 0.37 4.51 12.71 0.75 16.93 83.02 

Pomatoschistus spp. 0.39 0.46 3.06 0.61 4.08 87.1 

Psetta maxima 0.49 0.09 2.7 0.81 3.59 90.69 

Groups IF02  &  IF12 Average dissimilarity = 79.79 

  Group IF2 Group 
IF12                                

Species  Av.Abund   
Av.Abund Av.Diss Diss/SD Contrib% Cum.% 
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Pleuronectes platessa 0.85 5.56 17.98 1.15 22.54 22.54 

Ammodytes spp. 1.73 3.1 16.48 0.96 20.66 43.2 

Clupeidae 0.36 4.51 13.84 0.76 17.35 60.55 

Atherina presbyter 1.85 0.87 11.3 0.71 14.16 74.71 

Psetta maxima 1.13 0.09 7.76 0.74 9.72 84.44 

Mugilidae 0.33 0.16 3.16 0.52 3.96 88.39 

Scophthalmus rhombus 0.33 0.09 2.52 0.45 3.16 91.55 

Groups IF03  &  IF12 Average dissimilarity = 77.20 

  Group IF3 Group 
IF12                                

Species  Av.Abund   
Av.Abund Av.Diss Diss/SD Contrib% Cum.% 

Ammodytes spp. 2.91 3.1 17.71 0.97 22.94 22.94 

Pleuronectes platessa 1.18 5.56 17.24 1.07 22.34 45.27 

Clupeidae 2.09 4.51 16.46 0.94 21.32 66.59 

Atherina presbyter 2.42 0.87 12.45 0.85 16.13 82.72 

Pomatoschistus spp. 0.49 0.46 3.27 0.7 4.23 86.95 

Mugilidae 0.09 0.16 1.62 0.43 2.1 89.06 

Echiichthys vipera 0.38 0.25 1.62 0.78 2.1 91.15 

Groups IF05  &  IF12 Average dissimilarity = 83.74 

  Group IF5 Group 
IF12                                

Species  Av.Abund   
Av.Abund Av.Diss Diss/SD Contrib% Cum.% 

Atherina presbyter 4.6 0.87 23.01 1.04 27.47 27.47 

Clupeidae 2.79 4.51 18.96 0.89 22.65 50.12 

Pleuronectes platessa 0 5.56 17.44 1.05 20.83 70.95 

Ammodytes spp. 1.32 3.1 14.71 0.87 17.56 88.52 

Pomatoschistus spp. 0 0.46 1.93 0.45 2.3 90.82 

Groups IF06  &  IF12 Average dissimilarity = 75.32 

  Group IF6 Group 
IF12                                

Species  Av.Abund   
Av.Abund Av.Diss Diss/SD Contrib% Cum.% 

Pleuronectes platessa 3.01 5.56 18.81 1.28 24.97 24.97 

Ammodytes spp. 3.42 3.1 16.59 0.89 22.03 47 

Clupeidae 1.18 4.51 13.58 0.81 18.04 65.04 

Atherina presbyter 1.23 0.87 9.27 0.74 12.31 77.35 

Platichthys flesus 0.76 0.12 3.37 0.76 4.47 81.83 

Mugilidae 0.68 0.16 3.23 0.55 4.29 86.12 

Pomatoschistus spp. 0.6 0.46 3.2 0.64 4.25 90.37 

Groups IF07  &  IF12 Average dissimilarity = 76.49 

  Group IF7 Group 
IF12                                

Species  Av.Abund   Av.Diss Diss/SD Contrib% Cum.% 
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Av.Abund 

Atherina presbyter 3.3 0.87 17.54 0.91 22.93 22.93 

Ammodytes spp. 2.87 3.1 17.39 0.92 22.73 45.66 

Pleuronectes platessa 0.82 5.56 16.37 1.09 21.4 67.06 

Clupeidae 1.78 4.51 16.09 0.86 21.03 88.09 

Pomatoschistus spp. 0.25 0.46 2.66 0.64 3.48 91.56 

Groups IF10  &  IF12 Average dissimilarity = 85.54 

  Group 
IF10 

Group 
IF12                                

Species   
Av.Abund 

  
Av.Abund Av.Diss Diss/SD Contrib% Cum.% 

Atherina presbyter 3.59 0.87 19.5 1.02 22.8 22.8 

Pleuronectes platessa 0.21 5.56 17.04 1.07 19.93 42.73 

Ammodytes spp. 0.77 3.1 15.47 0.85 18.09 60.81 

Clupeidae 1.07 4.51 14.75 0.86 17.24 78.06 

Pomatoschistus spp. 1 0.46 5.62 0.51 6.56 84.62 

Mugilidae 0.32 0.16 2.43 0.62 2.85 87.47 

Spinachia spinachia 0.51 0 2.34 0.52 2.73 90.2 

Groups IF09  &  IF12 Average dissimilarity = 83.26 

  Group IF9 Group 
IF12                                

Species  Av.Abund   
Av.Abund Av.Diss Diss/SD Contrib% Cum.% 

Clupeidae 3.24 4.51 21.05 0.96 25.28 25.28 

Atherina presbyter 3.31 0.87 18.49 1.02 22.21 47.49 

Pleuronectes platessa 0.06 5.56 18.07 1.08 21.7 69.19 

Ammodytes spp. 0.72 3.1 14.47 0.82 17.38 86.57 

Pomatoschistus spp. 0.69 0.46 3.83 0.46 4.6 91.17 

Groups IF11  &  IF12 Average dissimilarity = 73.74 

  Group 
IF11 

Group 
IF12                                

Species   
Av.Abund 

  
Av.Abund Av.Diss Diss/SD Contrib% Cum.% 

Clupeidae 7.17 4.51 20.66 0.87 28.01 28.01 

Pleuronectes platessa 2.5 5.56 18.15 1.15 24.61 52.62 

Ammodytes spp. 3.35 3.1 16.67 0.92 22.61 75.23 

Atherina presbyter 0.61 0.87 7.06 0.57 9.58 84.8 

Pomatoschistus spp. 0.31 0.46 3.25 0.51 4.4 89.21 

Echiichthys vipera 0.51 0.25 2.18 0.56 2.95 92.16 

Groups IF01  &  IF13 Average dissimilarity = 75.52 

  Group IF1 Group 
IF13                                

Species  Av.Abund   
Av.Abund Av.Diss Diss/SD Contrib% Cum.% 

Atherina presbyter 2.73 5.28 23.7 1.41 31.39 31.39 
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Ammodytes spp. 3.46 0.87 17.5 0.99 23.17 54.56 

Clupeidae 0.37 2.53 9.36 0.71 12.39 66.95 

Pleuronectes platessa 1.63 0 8.59 1.49 11.37 78.32 

Mugilidae 0.15 0.44 3.4 0.75 4.5 82.82 

Psetta maxima 0.49 0 3.02 0.91 4 86.82 

Pomatoschistus spp. 0.39 0 1.9 0.43 2.51 89.33 

Hyperoplus lanceolatus 0.41 0 1.41 0.3 1.87 91.2 

Groups IF02  &  IF13 Average dissimilarity = 81.48 

  Group IF2 Group 
IF13                                

Species  Av.Abund   
Av.Abund Av.Diss Diss/SD Contrib% Cum.% 

Atherina presbyter 1.85 5.28 28.69 1.55 35.21 35.21 

Ammodytes spp. 1.73 0.87 13.01 0.93 15.97 51.18 

Clupeidae 0.36 2.53 10.31 0.72 12.65 63.83 

Psetta maxima 1.13 0 8.98 0.8 11.02 74.85 

Pleuronectes platessa 0.85 0 5.35 0.93 6.57 81.42 

Mugilidae 0.33 0.44 4.81 0.81 5.9 87.31 

Scophthalmus rhombus 0.33 0 2.74 0.46 3.36 90.67 

Groups IF03  &  IF13 Average dissimilarity = 75.87 

  Group IF3 Group 
IF13                                

Species  Av.Abund   
Av.Abund Av.Diss Diss/SD Contrib% Cum.% 

Atherina presbyter 2.42 5.28 24.75 1.4 32.62 32.62 

Ammodytes spp. 2.91 0.87 14.81 0.92 19.52 52.14 

Clupeidae 2.09 2.53 14.16 0.96 18.67 70.81 

Pleuronectes platessa 1.18 0 5.72 0.72 7.53 78.34 

Mugilidae 0.09 0.44 3.58 0.74 4.72 83.07 

Pomatoschistus spp. 0.49 0 2.27 0.63 3 86.06 

Spinachia spinachia 0.27 0.23 1.97 0.65 2.59 88.65 

Salmo trutta 0 0.12 1.47 0.25 1.94 90.6 

Groups IF05  &  IF13 Average dissimilarity = 66.94 

  Group IF5 Group 
IF13                                

Species  Av.Abund   
Av.Abund Av.Diss Diss/SD Contrib% Cum.% 

Atherina presbyter 4.6 5.28 29.2 1.37 43.62 43.62 

Clupeidae 2.79 2.53 17.06 0.83 25.48 69.1 

Ammodytes spp. 1.32 0.87 10.04 0.8 15 84.1 

Mugilidae 0.14 0.44 3.41 0.76 5.09 89.2 

Spinachia spinachia 0.15 0.23 2.2 0.58 3.29 92.49 

Groups IF06  &  IF13 Average dissimilarity = 80.63 

  Group IF6 Group 
IF13                                
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Species  Av.Abund   
Av.Abund Av.Diss Diss/SD Contrib% Cum.% 

Atherina presbyter 1.23 5.28 21.18 1.26 26.27 26.27 

Pleuronectes platessa 3.01 0 14.78 1.09 18.34 44.6 

Ammodytes spp. 3.42 0.87 13.39 0.78 16.6 61.21 

Clupeidae 1.18 2.53 10.68 0.8 13.25 74.45 

Mugilidae 0.68 0.44 4.52 0.73 5.61 80.06 

Platichthys flesus 0.76 0 3.84 0.83 4.76 84.82 

Psetta maxima 0.48 0 2.65 0.82 3.28 88.1 

Pomatoschistus spp. 0.6 0 2.08 0.47 2.58 90.68 

Groups IF07  &  IF13 Average dissimilarity = 69.46 

  Group IF7 Group 
IF13                                

Species  Av.Abund   
Av.Abund Av.Diss Diss/SD Contrib% Cum.% 

Atherina presbyter 3.3 5.28 24.14 1.34 34.76 34.76 

Ammodytes spp. 2.87 0.87 15.78 0.89 22.71 57.47 

Clupeidae 1.78 2.53 13.63 0.81 19.62 77.09 

Pleuronectes platessa 0.82 0 5.06 0.67 7.29 84.38 

Mugilidae 0.21 0.44 3.07 0.78 4.42 88.8 

Salmo trutta 0.09 0.12 1.67 0.34 2.41 91.21 

Groups IF10  &  IF13 Average dissimilarity = 69.23 

  Group 
IF10 

Group 
IF13                                

Species   
Av.Abund 

  
Av.Abund Av.Diss Diss/SD Contrib% Cum.% 

Atherina presbyter 3.59 5.28 24.99 1.44 36.1 36.1 

Clupeidae 1.07 2.53 11.85 0.86 17.11 53.21 

Ammodytes spp. 0.77 0.87 9.68 0.64 13.99 67.2 

Pomatoschistus spp. 1 0 5.01 0.42 7.24 74.44 

Mugilidae 0.32 0.44 3.86 0.88 5.57 80.01 

Spinachia spinachia 0.51 0.23 3.13 0.69 4.52 84.53 

Pollachius pollachius 0.27 0.07 1.67 0.55 2.41 86.94 

Salmo trutta 0 0.12 1.34 0.27 1.93 88.87 

Dicentrarchus labrax 0.17 0 1.24 0.4 1.8 90.67 

Groups IF09  &  IF13 Average dissimilarity = 68.01 

  Group IF9 Group 
IF13                                

Species  Av.Abund   
Av.Abund Av.Diss Diss/SD Contrib% Cum.% 

Atherina presbyter 3.31 5.28 26.11 1.37 38.39 38.39 

Clupeidae 3.24 2.53 19.56 0.93 28.76 67.15 

Ammodytes spp. 0.72 0.87 8.72 0.74 12.82 79.97 

Mugilidae 0.14 0.44 3.7 0.78 5.44 85.41 

Pomatoschistus spp. 0.69 0 2.23 0.27 3.28 88.69 

Spinachia spinachia 0.18 0.23 1.83 0.7 2.7 91.39 
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Groups IF11  &  IF13 Average dissimilarity = 84.30 

  Group 
IF11 

Group 
IF13                                

Species   
Av.Abund 

  
Av.Abund Av.Diss Diss/SD Contrib% Cum.% 

Atherina presbyter 0.61 5.28 24.1 1.25 28.58 28.58 

Clupeidae 7.17 2.53 18.7 0.8 22.19 50.77 

Ammodytes spp. 3.35 0.87 15.37 0.98 18.23 69 

Pleuronectes platessa 2.5 0 10.75 0.91 12.75 81.75 

Mugilidae 0 0.44 3.31 0.68 3.93 85.68 

Platichthys flesus 0.39 0 2.28 0.7 2.7 88.38 

Pomatoschistus spp. 0.31 0 2.23 0.39 2.64 91.02 

Groups IF12  &  IF13 Average dissimilarity = 83.10 

  Group 
IF12 

Group 
IF13                                

Species   
Av.Abund 

  
Av.Abund Av.Diss Diss/SD Contrib% Cum.% 

Atherina presbyter 0.87 5.28 23.29 1.2 28.02 28.02 

Pleuronectes platessa 5.56 0 17.63 1.05 21.22 49.24 

Clupeidae 4.51 2.53 17.08 0.9 20.56 69.8 

Ammodytes spp. 3.1 0.87 14.08 0.85 16.94 86.74 

Mugilidae 0.16 0.44 3.25 0.7 3.92 90.65 

 

Table F.4 : Summary of sites dived, positions, underwater visibility (vis.) and distance from outfall. 

Site Surveyors Date Time Lat. Long. Comments 
Visibil-
ity (m) 

Dist. 
from 
outfall 
(km) 

DV04 deep LM & JE 29/07/10 14:00 N 53 25.230 W004 28.880 
No data collected - wrong 
habitat (sediment) >1 m 
visibility 

2 0.2 

DV04 
shallow 

MD &BW 29/07/10 14:02 
SE from deep 
site 

SE from deep 
site 

Data collected, 2 m visibility 2 0.2 

DV06 deep LM & JE 29/07/10 16:58 N53 25.271 W004 28.840 

Rock at 13 m - divers moved 
away from shot as started on a 
wreck, moved to 53deg 
25.283, 004deg 28.391 @ 
17:30. Limited data collected 

1-2 0.28 

DV06 
shallow 

MD & BW 29/07/10 17:02 N53 25.250 W004 28.830 Data collected 1-2 0.28 

DV04 deep MD & BW 30/07/10 09:27 N53 25.242 W004 28.867 Data collected 1-2 0.2 

DV06 deep HG & JE 30/07/10 09:30 N53 25.260 W004 28.835 
Very silted only 1 transect 
completed 

1-1.5 0.28 

DV08 deep MD & BW 30/07/10 12:12 N53 25.271 W004 28.615 
Data collected - current started 
throughout dive 

2 0.64 
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Site Surveyors Date Time Lat. Long. Comments 
Visibil-
ity (m) 

Dist. 
from 
outfall 
(km) 

DV08 
shallow 

HG & JE 30/07/10 12:13 
Inshore of 
deep site 

Inshore of deep 
site 

Data collected - current started 
throughout dive 

1-2 0.64 

DV11 
shallow 

HG & JE 31/07/10 12:57 N53 25.615 W004 25.413 Data collected 2 3.2 

DV11 deep MD & BW 31/07/10 12:54 N53 25.615 W004 25.413 Data collected 1-2 3.2 

DV12A 
shallow (X) 

HG & JE 31/07/10 15:46 N53 25.729 W004 25.754 
No data collected - very silted 
>1 m visibility (East side of 
bay) 

1 3.9 

DV12B 
shallow (Y) 

MD & BW 31/07/10 15:41 N53 25.676 W004 25.861 
Data collected (West side of 
bay) 

2 3.9 

DV11 
shallow 

MD & BW 01/08/10 13:26 N53 25.621 W004 26.442 Data collected 2 3.2 

DV11 deep HG & JE 01/08/10 13:28 N53 25.621 W004 26.442 Data collected 2 3.2 

DV09B 
shallow 

MD & BW 01/08/10 16:20 N53 25.511 W004 26.534 
Divers inshore of this mark - 
data collected 

1-2 2.9 

DV09A 
shallow 

HG & JE 01/08/10 16:21 N53 25.511 W004 26.534 
Divers in at this mark - data 
collected 

1-2 2.9 

Outfall B 
shallow 

HG & JE 02/08/10 15:51 N53 25.210 W004 28.939 
Data collected. Strong current 
present 

1.5 0.14 

Outfall A 
shallow 

MD & BW 02/08/10 15:52 N53 25.207 W004 28.892 
No data collected - current too 
strong from outfall. 

2 0.25 

DV04 
shallow 

HG & JE 02/08/10 18:06 N53 25.223 W004 28.886 Limited data collected 2 0.2 

Outfall A 
shallow 

MD & BW 02/08/10 17:58 N53 25.267 W004 28.881 Data collected 2 0.25 

DV04 deep LM & JE 29/07/10 14:00 N 53 25.230 W004 28.880 
No data collected - wrong 
habitat (sediment) >1 m 
visibility 

2 0.2 

DV16 deep HG & JE 03/08/10 09:05 N53 25.123 W004 17.420 Data collected 3 13.6 

DV16 
shallow 

LM & BW 03/08/10 09:08 N53 25.110 W004 17.426 Data collected 3 13.6 

DV05 deep LM & BW 03/08/10 12:00 N53 24.930 W004 17.540 
Data collected (shot was 5-6 m 
east of this position) 

2 13.3 

DV05 
shallow 

HG & JE 03/08/10 12:03 
No Position - 
Inshore of 
deep site 

No Position - 
Inshore of deep 
site 

Data collected 1-2 13.3 

DV02 
shallow 

MD & BW 06/08/10 12:40 N53 25.203  W004 29.067 Data collected 3-4 0.32 

DV02 deep LM & JE 06/08/10 12:40 N53 25.266  W004 29.070 Data collected 2-3 0.32 

DV07 
shallow 

LM & JE 06/08/10 09:35 N53 25.326  W004 28.768 Data collected 3 0.44 

DV07 deep MD & BW 06/08/10 09:30 N53 25.338  W004 28.781 Data collected 4-5 0.44 
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Table F.5 : Results of the one-way SIMPER analysis (factors were ‘Sites’) showing all taxa contributing to 90% dissimilarities 

within fish communities observed during dive surveys. Abundance is square root transformed.  

Groups Deep  &  Shallow Average dissimilarity = 68.52 

 Group Deep Group Shallow     

Species Av. Abund. Av. Abund. Av. Diss. Diss/SD Contrib.%    Cum.% 

Pomatoschistus spp.       2.59          2.83   12.63    1.37    18.43 18.43 

Goldsinny wrasse       2.11          0.73    8.60    1.25    12.56 30.98 

Indeterminate       0.60          1.56    6.86    0.60    10.01 41.00 

Poor cod       1.50          0.20    6.73    1.12     9.82 50.82 

Two-spotted goby       0.21          1.15    5.83    0.73     8.51 59.33 

Leopard-spotted goby       1.01          0.96    5.07    1.14     7.40 66.73 

Tompot blenny       0.70          0.59    4.11    1.01     6.00 72.73 

Callionymus spp.       0.66          0.32    3.62    0.87     5.28 78.01 

Ballan wrasse       0.27          0.46    3.05    0.65     4.45 82.46 

Rock goby       0.44          0.24    2.47    0.85     3.61 86.06 

Long-spined sea scorpion       0.17          0.27    2.12    0.59     3.10 89.16 

Lesser-spotted dogfish       0.21          0.00    1.38    0.47     2.01 91.17 
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 Results of Subtidal Survey Statistics 
Table E.1: Results of the two-way crossed SIMPER analysis (factors were ‘Season’ and ‘Site’) on beam trawl data showing all 

taxa contributing to similarities within subtidal fish communities between seasons. Average abundance is log (x+1) 

transformed. 

Group  SF1 Average similarity: 32.23 

Species Av. Abund. Av. Sim. Sim/SD Contrib.% Cum.% 

Dab     4.13  19.45   0.92    60.37 60.37 

Whiting     0.86   5.57   0.74    17.27 77.64 

Dragonet (common)     0.47   2.51   0.80     7.78 85.42 

Plaice     0.33   2.39   1.26     7.43 92.84 

Group SF2 Average similarity: 30.99 

Species Av. Abund. Av. Sim. Sim/SD Contrib.% Cum.% 

Lesser-spotted dogfish     0.16  11.45   0.71    36.94 36.94 

Poor cod     0.20   7.48   0.71    24.12 61.06 

Whiting     0.06   2.90   0.67     9.35 70.41 

Dragonet (common)     0.04   2.50   0.74     8.08 78.49 

Dab     0.04   1.94   0.90     6.27 84.76 

Plaice     0.03   1.74   0.59     5.61 90.36 

Lesser-spotted dogfish     0.16  11.45   0.71    36.94 36.94 

Group SF3 Average similarity: 29.60 

Species Av. Abund. Av. Sim. Sim/SD Contrib.% Cum.% 

Poor cod     0.08  10.12   0.73    34.18 34.18 

Lesser-spotted dogfish     0.05   8.34   0.84    28.19 62.37 

Whiting     0.12   3.20   0.61    10.82 73.19 

Pogge     0.02   1.82   0.49     6.13 79.32 

Dab     0.01   1.01   0.43     3.40 82.72 

Sprat     0.02   0.94   0.37     3.18 85.91 

Plaice     0.01   0.86   0.49     2.92 88.83 

Bib     0.01   0.81   0.44     2.75 91.57 

Group SF4 Average similarity: 24.11 

Species Av. Abund. Av. Sim. Sim/SD Contrib.% Cum.% 

Poor cod     0.14   9.30   0.74    38.59 38.59 

Dragonet (common)     0.09   3.66   0.82    15.19 53.78 

Whiting     0.04   3.38   0.67    14.03 67.81 

Lesser-spotted dogfish     0.03   2.62   0.45    10.88 78.70 

Seasnail     0.05   1.30   0.34     5.39 84.08 

Dab     0.03   1.12   0.29     4.63 88.71 

Pogge     0.05   1.05   0.68     4.35 93.06 

Group SF5 Average similarity: 21.66 

Species Av. Abund. Av. Sim. Sim/SD Contrib.% Cum.% 

Lesser-spotted dogfish     0.03   3.46   0.38    15.98 15.98 
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Lesser weever     0.01   3.26   0.67    15.07 31.05 

Whiting     0.09   3.25   0.53    14.99 46.04 

Dab     0.02   2.97   0.56    13.73 59.77 

Plaice     0.02   2.31   0.64    10.66 70.43 

Poor cod     0.02   1.75   0.44     8.06 78.49 

Bib     0.01   1.23   0.35     5.68 84.17 

Pogge     0.01   0.86   0.39     3.97 88.14 

Lesser sandeel     0.03   0.71   0.41     3.26 91.40 

Table E.2: Results of the two-way crossed SIMPER analysis (factors were ‘Season’ and ‘Site’) on otter trawl data showing all 

taxa contributing to similarities within subtidal fish communities between seasons. Average abundance is log (x+1) 

transformed. 

Group  SF1 Average similarity: 42.56 

Species Av. Abund. Av. Sim. Sim/SD Contrib.% Cum.% 

Whiting     2.59  15.28   1.18    34.44 34.44 

Lesser-spotted dogfish     0.85  12.39   1.58    27.93 62.37 

Poor cod     0.97  10.70   1.16    24.12 86.49 

Red gurnard     0.18   1.66   0.79     3.73 90.23 

Group SF4 Average similarity: 44.36 

Species Av. Abund. Av. Sim. Sim/SD Contrib.% Cum.% 

Whiting     2.59  15.28   1.18    34.44 34.44 

Lesser-spotted dogfish     0.85  12.39   1.58    27.93 62.37 

Poor cod     0.97  10.70   1.16    24.12 86.49 

Red gurnard     0.18   1.66   0.79     3.73 90.23 

Group SF3 Average similarity: 31.68 

Species Av. Abund. Av. Sim. Sim/SD Contrib.% Cum.% 

Lesser-spotted dogfish     0.52  12.53   1.02    39.56 39.56 

Sprat     1.05   7.08   0.74    22.36 61.92 

Whiting     0.49   5.32   1.58    16.78 78.70 

Poor cod     0.30   3.56   0.56    11.23 89.94 

Dab     0.05   0.36   0.52     1.14 91.08 

Group SF5 Average similarity: 30.26 

Species Av. Abund. Av. Sim. Sim/SD Contrib.% Cum.% 

Whiting     1.40  13.54   1.34    44.76 44.76 

Lesser-spotted dogfish     0.27   7.02   0.64    23.20 67.96 

Plaice     0.14   2.35   1.00     7.77 75.73 

Sprat     0.32   1.95   0.61     6.45 82.17 

Dab     0.06   1.24   1.04     4.11 86.28 

Herring     0.23   1.05   0.49     3.47 89.75 

Greater sandeel     0.20   0.97   0.45     3.22 92.96 
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Executive Summary 
This report provides a summary of the findings of a series of marine hydrodynamic modelling simulations of the 
Cooling Water (CW) discharge from the Wylfa Newydd Power Station. The hydrodynamic model simulated the 
mixing of the thermal and biocide components of the CW discharge within the receiving coastal waters. The 
simulations provided predicted mixing zones for both temperature and Total Residual Oxidant (TRO) for an 
average CW discharge of 126 m3/s with a temperature rise of 12 °C (∆T +12 °C) and a TRO concentration at 
the point of discharge of 0.1 mg/l. The marine layout used in the model was based on a western breakwater 
design of 400m in length. 

The approach taken was to model seasonally appropriate TRO decay rates and surface heat loss coefficients. 
These scenarios were modelled without the influence of wind stress on the water surface. Sensitivity studies 
were then completed using the average observed wind speed from each of the north, east, south and west 
sectors. Sensitivity to surface heat loss and representation of the near-field were also investigated. 

The extent of the temperature mixing zone was similar for all four seasons modelled. However, the size of the 
TRO mixing zone varied between the different seasons, with the largest potential surface mixing zone occurring 
during the summer. The sensitivity of the predicted mixing zones to surface heat flux was examined by 
modelling scenarios where the heat loss rate varied by 10 W/m2/K around a base-case of 22 W/m2/K . The 
predicted thermal mixing zone was shown to be insensitive to the surface heat loss rate. The insensitivity to 
surface heat loss rate is considered to be due to the dominance of the mixing processes over surface heat 
exchange at this site, and explains why the thermal mixing zones for all four seasonal base cases are similar. 

The model was also run with constant wind inputs from the north, east, south and west sectors. The wind 
strength used was the average observed from each sector of the RAF Valley 2003 to 2012 data set. With a 
constant wind from the north, the mixing zone was slightly smaller when compared to the base case. The 
degree of recirculation increased slightly (0.17 °C increase over the base-case of 0.63 °C). For a constant wind 
from the east, the mixing zone reduced slightly; however, recirculation remained similar to that of the base case 
(-0.46 °C). For a constant wind from the south, the size of the mixing zone was reduced, as was the degree of 
recirculation (by 0.13 °C). A constant wind from the west also resulted in a slight reduction in the size of the 
mixing zone, but did not change the degree of recirculation.  

Therefore, for all wind directions, the inclusion of wind stress in the model resulted in a reduction in size of the 
mixing zones. The most common wind directions in the RAF Valley data set were from the south and west. 
While long duration winds from any direction are relatively rare, the sensitivity studies provided confidence that 
excluding wind stress in the base case simulations was unlikely to have resulted in the under-prediction of the 
size and temperatures of the mixing zone. A no wind-stress assumption is likely to result in conservative 
modelling outputs.  

Sensitivity runs were also undertaken to examine the influence of the initial assumptions with regard to the near-
field mixing on the predicted temperature and TRO fields. The output of the modelling showed that for a short 
near-field (where the CW discharge was introduced into the model at the actual location of the outfall) the size 
of the 2 °C mixing zone at the surface was approximately 75% of that predicted in the base case; however, 
there was no change in the degree of recirculation. With a near-field 100 m longer than in the base case there 
was slight reduction in the size of the mixing zone and a small increase (0.06 °C) in recirculation. The modelling 
showed the predicted temperatures and TRO concentrations away from the outfall to be relatively insensitive to 
the assumptions made for the near-field mixing. It was considered that this was as a result of the geometry of 
the coastline around the outfall at Porth Wnal, such that it effectively channels and directs the discharge 
offshore. The relative insensitivity to the near-field representation gives confidence in the final model prediction 
of the mixing zones.  

Simulations were also completed to examine the sensitivity of the predicted mixing zones to the inclusion of 
wave forcing in the model. The model pulled in boundary wave data from the Project’s SWAN wave model for 
the desired wave condition, which was selected as a wave from the southwest (most common wave direction), 
with a wave height of 1.5m. Typical and extreme winter wave conditions were also modelled. The resulting 
model output showed that the addition of waves resulted in a reduced surface mixing zone when compared to 
the without wave base case. 
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The report also provides a summary of the modelling work completed to aid assessment of the thermal 
influence on water quality, specifically dissolved oxygen and un-ionised ammonia, and the formation of 
chlorinated by-products. 

The modelling suggests that operation of the CW discharge is unlikely to affect the Water Framework Directive 
(WFD) classification on the basis of dissolved oxygen, with predicted levels likely to be reflective of a High 
status water body. Similarly, the modelling showed that the proposed discharge is unlikely to result in an 
increase of un-ionised ammonia that would change the classification of the water body. Based on the predicted 
TRO discharge modelling, baseline water quality measurements and estimates from other UK Power Station 
discharges, the discharge levels for chloroform and bromoform are likely to be well below the relevant 
Environmental Quality Standards. 

The report also discusses the modelling scenarios used to inform the coastal processes studies, particularly the 
effects on bed shear stress. The modelling outputs suggest that the Power Station will have limited effects on 
the bed shear stress during typical wave conditions, although some differences may result during stronger 
winter wave conditions. However, conditions immediately seaward of the Cemlyn lagoon shingle ridge are not 
affected by the Power Station. 

Modelling was also completed to predicted the dispersion and deposition of suspended solids released as a 
result of dredging activity and construction drainage. The model outputs showed that the release of fugitive 
material from dredging activities resulted in elevated suspended solids concentrations and the deposition of 
material on the bed. However, these elevated levels were very localised, and low when compared to natural 
deposition rates (MarLin). Suspended solids concentrations and deposited material resulting from construction 
drainage discharges were localised and very low. 
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1. Introduction 
Horizon Nuclear Power Wylfa Limited (Horizon) is a UK energy company developing a new generation of 
Nuclear Power Stations to help meet the country’s need for stable and sustainable low carbon energy. The 
Wylfa Newydd Development Area has been listed as an approved site for the construction of a new nuclear 
facility in the National Policy Statement for Nuclear Power Generation (EN-6) (NPS EN-6), (Department for 
Energy and Climate Change (DECC), 2011). The approved site (termed the Wylfa NPS Site) comprises a 
254 hectare area of land to the south of the existing Magnox Nuclear Power Station (the Existing Power Station, 
which ceased operation in December 2015). 

The development of the Wylfa Newydd Project (the Project) will require a number of applications to be made 
under different legislations to different regulators. As the Wylfa Newydd Power Station constitutes a Nationally 
Significant Infrastructure Project, Horizon intends to make an application for a Marine Licence and Development 
Consent Order (DCO) to the Secretary of State under the Planning Act 2008 to authorise its construction and 
operation.  

The Project includes the Wylfa Newydd Power Station and Associated Developments.  The Wylfa Newydd 
Power Station includes two UK Advanced Boiling Water Reactors to be supplied by Hitachi-GE Nuclear Energy 
Ltd, associated plant and ancillary structures and features.  In addition to the reactors, development would 
include steam turbines, control and service buildings, operational plant, radioactive waste storage buildings, 
ancillary structures, offices and coastal developments.  The coastal developments would include Cooling Water 
(CW) intakes and pumphouse, outfall structures, a breakwater arrangement for CW intake wave protection and 
a Marine Off-Loading Facility (MOLF (See A1-1 in chapter A1 of the Environmental Statement).  

The CW system (CWS) consists of circulating water, reactor service water and turbine service water which 
would likely require the addition of biocide (i.e. sodium hypochlorite) to control biofouling. The Cooling Water, 
once having passed through the CWS would therefore be returned to the sea warmer than ambient and likely 
contain residual biocide. As a result, the Environmental Permitting Regulations would be applicable to the 
Project in relation to emissions to surface waters (discharge consenting)1. 

This document presents the findings of a series of marine hydrodynamic modelling simulations of the CW 
discharge from the Wylfa Newydd Power Station, undertaken to support the Environmental Permitting, DCO and 
Marine Licence for the Project. The hydrodynamic model simulated the mixing of the thermal and biocide 
components of the CW discharge. The simulations provided predicted mixing zones for both temperature and 
Total Residual Oxidant (TRO) for an average CW discharge of 126 m3/s with a CW temperature rise of 12 °C 
(∆T +12 °C) and a TRO concentration at the point of discharge of 0.1 mg/l. The TRO percentile modelled and 
presented was as stipulated by the UK EQS (expressed as available chlorine) which is a 95 percentile 
concentration (of 0.01 mg/l) (Water Framework Directive, 2015) while for temperature a 98 percentile is used for 
presentation in-line with various guidance documents.  
 
There are no legal temperature standards in coastal environments in the UK. Draft guidance prepared for WFD 
and presented in BEEMS (2011b) and expanded in Wither et al. (2012) propose absolute limits and elevation 
above ambient limits outside of mixing zones depending on the WFD status of a water body. Despite the lack of 
specific temperature standards modelling work for the Wylfa Newydd Project presents predicted +3°C and +2°C 
uplifts outside of mixing zones in line with the above guidance. The results are also interpreted in terms of an 
absolute temperature of 23°C, which is the thermal limit recommended in Wither et al (2012) for high to good 
status water bodies. Of note is draft guidance presented by Water Quality Technical Advisory Group (WQTAG) 
(WQTAG160) which presents draft temperature standards developed for Habitats Regulations Assessment. 
These values relate to Special Protection Areas (SPAs) with values at +2°C above ambient outside of the 
mixing zone and absolute temperatures of 28°C and Special Areas of Conservation (SACs) designated for 
estuaries or embayment habitats and/or salmonid species. These areas do not exist around north Anglesey and 
are therefore not applicable, nevertheless values proposed are +2°C above ambient outside of the mixing zone 
and absolute temperatures of 21.5°C. 

In addition to the model results this report also provides background information on the setup of the model and 
selection of the individual modelling scenarios. 

                                                     
1 See: The Environmental Permitting (England and Wales) Regulations 2016 No. 1154 
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The modelling approach follows that as detailed in the Marine Modelling and Assessment Methodology 
(Horizon, 2014). 

This report covers model scenarios based on a breakwater design of 400 m. This report supersedes the results 
presented in Jacobs (2017a) in which all modelling was undertaken using a breakwater design of 541 m.   
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2. Overview of Model Setup, Calibration and Audit 
The Wylfa Newydd hydrodynamic model has been developed over a number of years. The main calibration and 
validation process occurred in 2010/11 (Horizon, 2014). Additional validation work has been undertaken as part 
of an independent audit process in early 2016. 

The bathymetry in the calibrated model was constructed using data from marine surveys commissioned by 
Horizon in the coastal waters centred on the Wylfa Newydd Development Area (see Horizon 2012a), in 
combination with digital survey and chart data sets.  The initial model grid was derived from the Dutch Coastal 
Model via the model developer Deltares. Tidal elevations obtained from the Dutch Coastal Model were imposed 
at the model boundaries.   

The model was developed in two phases starting in 2010, the current model being the result of the second of 
these phases. The model has three nested grids, an outer 2D grid and two 3D inner grids (these cover the north 
coast of Anglesey).  The resolution of the grids (mesh size) increases from 350 m in the outer grid to 70 m in the 
mid grid and to 23m in the inner-most grid (Horizon 2012a). 

The model was calibrated using baseline data collected at four fixed moorings, boat-based Acoustic Doppler 
Current Profiler and thermal plume surveys, drogue studies and an aerial infrared plume survey.  

Development of the Wylfa Newydd  hydrodynamic model has been subject to an external audit by ABPmer. The 
audit concluded the model was fit for purpose. 

Documents that have been produced or published externally during development and validation of the model 
include the following. 

 H1 Annex D-Basic Surface water discharges. (Environment Agency, 2011). 

 Wylfa Hydrodynamic Survey: Development of a statistical model of seawater temperature (Moores, 2011a)  

 Hydrodynamic Modelling for Wylfa: Phase 1 Calibration Study. (Moores, 2011b) 

 Hydrodynamic Modelling of Wylfa wave enhanced mixing (Moores, 2011c).  

 Hydrodynamic Modelling for Wylfa: Wind and Heat Transfer (Horizon, 2011a).  

 Chlorine Decay Measurements in Saline waters from Wylfa Power Station during Autumn (Horizon, 2011b).  

 Consultancy Report Wylfa Water Quality Surveys. (Jacobs UK Ltd, 2012).  

 Wylfa Oceanography Interpretive Report (Titan, 2012).  

 Wylfa Hydrodynamic and Water Quality Modelling: Phase 2 model build, Calibration and Validation 
(Horizon, 2012a).  

 Infra-Red Survey Draft Report (APEM Ltd, 2012).   

 Chlorine Decay Measurements in Saline waters from Wylfa Power Station during Winter (Horizon, 2012b).  

 Chlorine Decay Measurements in Saline waters from Wylfa Power Station during Summer (Horizon, 
2012c).  

 Chlorine Decay Measurements in Saline waters from Wylfa Power Station during Spring (Horizon, 2012d).  

 Hydrology Modelling and Assessment Methodology Memo (Jacobs UK Ltd, 2014).  

 Audit of the Wylfa Hydrodynamic Model Second Review (ABPmer, 2016) 
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3. Modifications to the Validated Model 
Changes were necessary to the bathymetry in the validated (Phase 2) model to reflect the Wylfa Newydd Power 
Station design. These and the representation of wind, surface heat loss coefficients and CW discharge are 
described in the following sections. 

3.1 Changes to the Bathymetry 

The model used to predict mixing of the CW discharge includes changes to the bathymetry to reflect the 
proposed CWS intake and outfall. The CWS intake includes a breakwater and Marine Off-Loading-Facility 
(MOLF). The design assumed was that as of February 20152. The changes in bathymetry implied by the 
breakwater, the MOLF and intake dredge were added to the validated model bathymetry to create the 
bathymetry used in modelling scenarios. 

3.2 Heat Flux used in the Modelling 

Modelling of the CWS discharge has been undertaken using the so-called ‘Excess Temperature’ method 
following the advice of Natural Resources Wales (NRW) and its predecessors, the Countryside Council for 
Wales (CCW) and the Environment Agency (EA). In this approach to modelling the mixing of the CWS 
discharge, the hydrodynamic model is used to predict the change in water temperature that occurs.  

When using the excess temperature method, the model is set up to simulate a defined surface heat loss 
coefficient. Heat transfer (or loss) coefficients have been calculated for the waters around Wylfa Head using ten 
years of meteorology and seawater data.  The meteorology data used were collected at RAF Valley (2003 to 
2012), while seawater temperature data were obtained from the Existing Power Station’s CWS intake for the 
same period.     

The calculation of the heat transfer coefficients involved first calculating the full heat flux that occurred each 
month over the ten year period (2003 to 2012). The calculations were then repeated with the seawater 
temperature increased by 1 °C. The difference between the heat fluxes for these two cases were then used as 
the heat transfer coefficient (Moores, 2016e).   

The seasonal average seawater temperatures, wind speeds and surface heat transfer coefficients are tabulated 
below (Table 1). 

Table 1 Seasonal average sea temperature, wind speed and surface heat transfer. 

Season Month Sea temperature (ºC) Wind speed (m/s) Surface heat 
transfer coefficient 
(W/m2/K) 

Spring March, April and 
May 

9.0 6.0 19.7 

Summer June, July and 
August 

14.6 5.6 21.7 

Autumn September, 
October and 
November 

14.3 6.8 24.0 

Winter December, January 
and February 

8.5 6.9 21.4 

 

                                                     
2 HNGE drawing MD-400-AR-001 
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The sensitivity of the predicted temperature rise to the surface heat transfer coefficient was explored by running 
two additional simulations of the summer case. In these two additional runs the coefficient was changed by 
10W/m2/K and 13 W/m2/K for the low flux and high flux, to 12 and 35 W/m2/K respectively. 

3.3 Wind Conditions 

The base-cases used the seasonal average wind speed, although the surface drag coefficient was set to zero 
so that the wind did not influence the hydrodynamics. This is a common modelling approach which results in a 
constant surface heat loss rate; use of a variable wind speed results in a variable surface heat loss. 

To explore the influence of wind on the hydrodynamics, additional sensitivity studies were undertaken with 
winds from each of the four main sectors. The average wind for each sector was assumed to blow throughout 
the duration of the simulation. Analysis of the RAF Valley meteorology data (Moores, 2016b) showed that long 
duration wind events were infrequent; hence it was deemed appropriate to use a mean wind speed rather than 
a maximum. A constant wind from a single direction allows the maximum potential influence on the 
hydrodynamics to develop and is considered an extreme case in itself, hence modelling a long-term wind of the 
maximum observed speed would be unreasonable as it is a combination of two extremes. 

3.4 Total Residual Oxidant (TRO) Decay Rates 

A biocide is proposed to be used in the CWS to control the growth of marine organisms. The decay of TRO has 
been modelled as a first order decay process, under the advice of NRW and its predecessors, CCW and the 
EA. The decay rates were obtained from measurements using seawater samples collected from the Existing 
Power Station’s CWS intake and dosed with biocide at differing temperatures in the laboratory (Moores, 2014).  

For each of the seasonal simulations, decay rates appropriate for the seawater temperature were used (Table 
2), the maximum being when sea surface heat transfer coefficient is the highest (i.e. autumn). The different 
rates used in each simulation allowed the predicted TRO mixing zones’ sensitivity to assumed decay rates to be 
explored. 

Table 2 Seasonal TRO decay rates. 

Season TRO decay rate (per day) 

Winter 4.75 

Spring 11.15 

Summer 10.08 

Autumn 36.81 

3.5 Representation of the CWS Discharge in the Model 

The hydrodynamic modelling used the Delft3d software package. The physics implemented in Delft3d, in 
common with other hydrodynamic codes and typical grid resolutions, limits the ability of the hydrodynamic 
model to simulate the near-field mixing of the discharge (the near-field being the zone where the design 
features of the outfall such as the number of ports and the discharge jet momentum are the dominant 
determinant of mixing). As the hydrodynamic model does not reproduce the details of the near-field mixing, it is 
good practice to use an alternative tool to simulate the near-field mixing characteristics and add the discharge to 
the model in such a way as to simulate the discharge at the end of the near-field. 

The CORMIX software tool has been used to predict the near-field mixing of the discharge from the Wylfa 
Newydd CWS outfall (Moores, 2016a). The outfall design assumed was that as of February 20153. In addition to 
the near-field representation provided by the CORMIX study, two other representations have been used in a 
sensitivity study. One sensitivity study assumed a longer near-field, which involved moving the basic CWS 

                                                     
3 HNGE document HA-HG-2015-006 (pending approval) 
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discharge distribution offshore by approximately 100 m. The second sensitivity study used a short near-field, 
whereby the CWS discharge was introduced at the physical location of the outfall.    
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4. Model Runs 
The modelling assumed an average CWS flow rate of 126 m3/s, and a ∆T of 12 ºC. For each simulation the 
model was run for a warm-up period to allow the long-term heat and biocide fields to develop. The time allowed 
for the heat and biocide fields to develop was longer than the time necessary to allow the hydrodynamic 
conditions to settle.  

The hydrodynamic model was set up to simulate the full load CWS discharge from the Wylfa Newydd Power 
Station over a spring-neap cycle using surface heat flux and TRO decay rates representative of the summer. 
The simulation included use of a conservative tracer in the discharge to allow dilution factors to be calculated if 
required (for example by the H1 screening process). 

The model output was processed in MATLAB® to generate statistics of the temperature rise and TRO 
concentration at each model cell. The minimum, mean, maximum and  percentile values were calculated. In line 
with the relevant environmental quality standard (EQS) for TRO (0.01 mg/l) and the chosen temperature uplift of 
+2 ºC, a different  percentile was calculated for both temperature and TRO (98th and 95th  percentile, 
respectively).   

Recirculation occurs when a Power Station draws in water that has already been warmed by the CWS 
discharge. Unlike a river, where the flow is unidirectional and siting the intake a suitable distance upstream for 
the discharge should prevent recirculation, the potential for recirculation is to be expected in a tidal environment. 
The mean, 98th  percentile and maximum temperature rise above ambient at the intake were calculated to 
identify the potential for recirculation. 
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5. Model Output 
5.1 Tidal Variation of the CW plume 

The CW discharge is buoyant and will form a buoyant plume which will be advected by the tide. While the tidal 
flow north of Wylfa Head is relatively simple with an essentially east to west tidal current (Titan, 2012), the 
presence of the headland results in a complex flow region in the bays either side.    

To illustrate the tidal variation of the CW plume surface and bed temperature rise has been plotted for both a 
neap and a spring tide in the following sections. The model run simulated long-term operation of the Power 
Station CW discharge under surface heat loss conditions, typical of average summer conditions. 

The figures are included to illustrate the evolution of the thermal plume from the Power Station and not for 
comparison against temperature standards.  

5.1.1 Plume Evolution over a Neap Tide  

Surface and bed temperature rise data are plotted for times at high water, mid ebb, low water and mid flood in 
Figure 1 to Figure 8 below. The dotted lines on the figures represent the two cross-sectional areas at Cemaes 
Bay (left line) and the outfall location (right line). 

At high water on a neap tide (Figure 1) the plume is beginning to be advected to the west as the tide begins to 
ebb. Temperature rises of greater than 5 °C are predicted west of Wylfa Head at the surface while a plume of 
water of 1 °C above ambient extends 2.5 km from the outfall. At the same time the temperature rise at the bed 
is lower than at the surface with a rise of around 0.4 °C in Cemlyn Bay and 0.3 °C in Cemaes Bay to the east of 
Wylfa Head (Figure 2). A comparison of the predicted rise at the bed (Figure 2) and at the surface (Figure 1) 
illustrates the influence of buoyancy on the mixing of the CW discharge. Within Cemlyn and Cemaes Bays away 
from the plume the water is well mixed and surface and bed temperatures are similar. The increase of around 
0.3 to 0.4 °C is due to the long-term operation of the CW discharge. 

At mid ebb on a neap tide (Figure 3) the CW plume at the surface has been advected to the west of the outfall. 
Compared to the High Water (HW) case (Figure 1) the plume is shorter with the 1 °C rise extending 1.5 km from 
the outfall. Temperatures close to the outfall and around the west of Wylfa Head are warmer than in the HW 
case.  

The predicted temperature rise at the bed at mid ebb on a neap tide (Figure 4) is lower than at the water surface 
(shown as Figure 3). Compared to the HW case the area of the bed with a rise greater than 0.5 °C is somewhat 
larger.  

At low water (Figure 5) the plume extends to the west of the outfall with the 1 °C rise reaching 2.2 km from the 
outfall. At the same time the predicted temperature rise at the bed (Figure 6) is lower than at the water’s 
surface. In general the long-term well mixed temperature rise in Cemaes and Cemlyn Bays are as the other 
cases (0.3 and 0.4 °C respectively) although there is an area of the bed in Cemlyn Bay where the temperature 
rise is predicted to exceed 0.5 °C. 

At mid ebb the surface temperature rise (Figure 7) shows the plume being advected to the east past Wylfa 
Head. The 1 °C contour extends approximately 3.5 km from the outfall. There are isolated patches of water of 
1 °C or more in Cemlyn Bay. The difference between the surface and bed (Figure 8) temperature rise at mid 
ebb again shows the influence of the plume buoyancy. In general the temperature rise at the bed is less than 
0.5 °C away from the vicinity of the outfall although there are patches of bed in Cemlyn and Cemaes Bays with 
an increase of more than 0.5 °C. 
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5.1.2 Plume Evolution over a Spring Tide 

Surface and bed temperature rise data are plotted for times at high water, mid ebb, low water and mid flood on 
a spring tide (Figure 9 to Figure 16). The dotted lines on the figures represent the two cross-sectional areas at 
Cemaes Bay (left line) and the outfall location (right line). 

At HW on a spring tide (Figure 9) the plume is beginning to be advected to the west as the tide begins to ebb. 
Temperature rises of greater than 5 °C are predicted west of Wylfa Head at the surface while a plume of water 
of 1 °C above ambient extends a few hundred meters from the outfall. At the same time the temperature rise at 
the bed is lower than at the surface with a rise of around 0.4 °C in Cemlyn Bay and 0.3 °C in Cemaes Bay to the 
east of Wylfa Head (Figure 10). A comparison of the predicted rise at the bed (Figure 10) and at the surface 
(Figure 9) illustrates the influence of buoyancy on the mixing of the CW discharge. Within Cemlyn and Cemaes 
Bays away from the plume the water is well mixed and surface and bed temperatures are similar. The increase 
of around 0.3 to 0.4 °C is due to the long-term operation of the CW discharge.  

At mid ebb on a spring tide (Figure 11) the CW plume at the surface has been advected to the west of the 
outfall. Compared to the HW case (Figure 9) the plume is more elongate. Temperatures close to the outfall and 
around the west of Wylfa Head are similar to the HW case.  

At low water (Figure 13) the plume extends to the west of the outfall with the 0.5 °C rise contour reaching 2 km 
from the outfall and the 1 °C rise extending 1.3 km. At the same time the predicted temperature rise at the bed 
(Figure 14) is lower than at the water surface. In general the long-term well mixed rise in Cemaes and Cemlyn 
Bays are as the other cases (0.3 and 0.4 °C respectively).   

At mid flood the surface temperature rise (Figure 15) shows the plume being advected to the east past Wylfa 
Head. The 1 °C contour extends approximately 1.7 km from the outfall. The difference between the surface and 
bed temperature rise at mid ebb again shows the influence of the plume buoyancy. In general the temperature 
rise at the bed is less than 0.5 °C away from the vicinity of the outfall. 

5.1.3 Comparison of the Neap and Spring Tide Plume 

There are similarities between how the plume develops over a spring and a neap tide. For both tidal states, the 
buoyancy of the CW plume limits the exposure of the bed to elevated temperatures. Other trends are similar for 
both tides with the plume being advected to the west on the ebb and east on the flood tide. 

However, there are differences between the evolution of the plume on the neap and the spring tide, with the 
plume having a larger extent on the neap tide. On the neap tide there are areas of 0.5 °C to 1 °C water at the 
surface in Cemlyn Bay, which are remnants of the low water plume that are not seen on the spring tide.   

These differences can be explained by the higher current magnitudes on a spring tide compared to a neap tide. 
The higher currents promote shear and hence greater mixing of the CW discharge. Hence, the extent of a given 
temperature rise contour is greater on the neap tide compared to a spring. 

5.1.4 Plume Cross Section 

A series of north-south cross-section plots through the vertical are shown at high water, mid ebb, low water and 
mid flood through i) the outfall and ii) Cemlyn Bay on a neap tide in Figure 17 to Figure 22. In these plots, the 
viewer is effectively facing east so that the shoreline is on the right hand side of each image, giving a depiction 
of the how the plume temperatures vary throughout the vertical.  A neap tide has been presented as the 
temperature rise is higher on a neap than a spring tide. The horizontal and the vertical scales differ for the cross 
section through the outfall and through Cemlyn Bay. The simulation conditions were as per the summer base 
case.  

The temperature cross section near the outfall at high water (Figure 17) shows a rise of around 9 °C close to the 
outfall. The plume penetrates furthest offshore at low water (Figure 19), with temperature rises of 4 to 5 °C 
predicted within the upper 4 to 5 m.  For the other tidal states the predicted temperature rise is similar, although 
with reduced offshore penetration.    
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The temperature cross section through Cemlyn Bay at high water (Figure 21) shows a buoyant plume which is 
located offshore, with maximum temperatures of around 1 °C with a thickness of 3 to 4 m in water of at least 10 
m depth (i.e. no contact of the plume with the bed). At mid ebb (Figure 22) the predicted rise shows the plume is 
constrained more inshore, although still with no contact to the bed. 

The predicted temperatures at low water across Cemlyn Bay (Figure 23) show a more extensive lateral plume 
extent than at other tidal states, with the plume penetrating inshore but again with no contact with the bed. At 
mid flood the plume has for the most part been advected to the east by the turning tide; however, an area of 
temperature rise of less than 1 °C lingers within Cemlyn Bay.  

Read in combination with the surface and bed temperature rise plots for the neap tide (Figure 1 to Figure 8); the 
vertical profiles provide a view on the vertical mixing of the CW discharge. They show that the plume is limited 
to the upper layers of the water body except in the vicinity of the outfall where the bed maps indicate higher 
temperatures. 

5.1.5 Vertical Profile at the Transition from 3D to 2D grid 

An important consideration for the simulation of CW plumes in a model with a mixed 3D and 2D grid is ensuring 
that the extent of the 3D grid is adequate to capture the vertical profile of the CW plume. During operation the 
CW discharge from Wylfa Newydd is consistently warmer than the ambient and is therefore buoyant. Buoyancy 
is an important mixing mechanism and also acts to limit the temperature rise experienced at the bed. Predicting 
the mixing of the CW discharge in the mid field where buoyancy is important is therefore a three dimensional 
problem. However, with distance from the outfall the plume will tend to mix well vertically. At this point further 
mixing can be well represented by a 2D model. When designing the final version of the Wylfa Newydd model 
grids, different extents of the 3D grids (see Section 2) were tested to ensure that they were adequate to capture 
the buoyancy of the plume. 

To identify where the plume becomes well mixed in the vertical, the maximum difference between surface and 
bed concentration of a conservative tracer has been plotted in Figure 25. To provide context, the maximum 
concentration at the surface has been plotted in Figure 26. The tracer was included in the summer base case 
simulation with a concentration at the outfall of 100units /m3. The simulation included the influence of the 
buoyancy of the CW discharge and hence the tracer concentration is greater at the surface than at the bed. 
Hourly values of concentration were saved over a spring-neap cycle and then processed to generate the 
statistics of the hourly difference between the surface and bed.  

The maximum difference between the surface and bed at the boundary of the 3D grid is 0.3 to 0.5 units /m3 at 
an area along the western boundary where the maximum concentration is around 2.5 units /m3. The 98 
percentile difference at the same location on the boundary between the 3D and 2D grid is around 0.1 units /m3. 
The maximum surface tracer concentration at the boundary is less than 3% of the discharge concentration.   

The tracer is essentially well mixed at the edge of the 3D grid leading to the conclusion that the extent of the 
grid is adequate to capture the buoyant mixing of the plume.  
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Figure 1 Rise in surface temperature at high water –Neap tide (dotted lines indicate cross-section location). 

 

Figure 2 Rise in bed temperature at high water –Neap tide (dotted lines indicate cross-section location). 
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Figure 3 Rise in surface temperature at mid ebb – Neap tide (dotted lines indicate cross-section location). 

 

Figure 4 Rise in bed temperature at mid ebb–Neap tide (dotted lines indicate cross-section location). 
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Figure 5 Rise in surface temperatures at low water – Neap tide (dotted lines indicate cross-section location). 

 

Figure 6 Rise in bed temperature at low water – Neap tide (dotted lines indicate cross-section location). 
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Figure 7 Rise in surface temperature at mid flood – Neap tide (dotted lines indicate cross-section location). 

 

Figure 8 Rise in bed temperature at mid flood – Neap tide (dotted lines indicate cross-section location). 
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Figure 9 Rise in surface temperature at high water – Spring tide (dotted lines indicate cross-section location). 

  

Figure 10 Rise in bed temperature at high water – Spring tide (dotted lines indicate cross-section location). 
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Figure 11 Rise in surface temperature at mid ebb – Spring tide (dotted lines indicate cross-section location). 

 

Figure 12 Rise in bed temperature at mid ebb – Spring tide (dotted lines indicate cross-section location). 
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Figure 13 Rise in surface temperature at low water – Spring tide (dotted lines indicate cross-section location). 

 

Figure 14 Rise in bed temperature at low water – Spring tide (dotted lines indicate cross-section location). 
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Figure 15 Rise in surface temperature at mid flood – Spring tide (dotted lines indicate cross-section location). 

 

Figure 16 Rise in bed temperature at mid flood – Spring tide (dotted lines indicate cross-section location). 
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Figure 17 Vertical temperature profile at the outfall location at high water – Neap tide. 

 

Figure 18 Vertical temperature profile at the outfall location at mid ebb – Neap tide. 
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Figure 19 Vertical temperature profile at the outfall location at low water – Neap tide. 

 

Figure 20 Vertical temperature profile at the outfall location at mid flood – Neap tide. 
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Figure 21 Vertical temperature profile at Cemlyn Bay at high water – Neap tide. 

 

Figure 22 Vertical temperature profile at Cemlyn Bay at mid ebb – Neap tide. 
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Figure 23 Vertical temperature profile at Cemlyn Bay at low water – Neap tide. 

 

Figure 24 Vertical temperature profile at Cemlyn Bay at mid flood – Neap tide. 
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Figure 25 Maximum difference between surface and bed tracer concentration. 

 

Figure 26 Maximum tracer concentration at the surface. 
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6. Sensitivity Studies 
The approach taken with modelling the Wylfa Newydd CW discharge has been to develop base case 
simulations and then to include studies to examine the sensitivity of the predicted temperature rise and TRO 
concentrations to the assumption in those cases.  

Sensitivity studies have been undertaken to look at the influence of the following parameters. 

 Seasonal variation in surface heat flux and decay rates. 

 Intra-seasonal variation in surface heat flux.How the CW discharge is represented in the model: 

o length of the near field; and 

o dependence of the CW flow on the tide. 

 Influence of the wind, with both a: 

o fixed wind from each of north, east, south and west sectors; and 

o Variable wind speed and direction. 

 Influence of waves 

 Influence of dilution 

 Influence of an increased intake aperture length, increased dredge depth of intake channel, a 
continuous quay wall and change in the east/west orientation of the western breakwater. 

6.1 Seasonal Temperature and TRO mixing zones 

The model used included a representation of the proposed breakwater and intake systems. For all cases the 
model was spun up4 and the long-term heat field and hydrodynamics were allowed to develop before saving 
data for analysis. The model output was processed in Matlab to generate statistics of the temperature rise and 
TRO at each active (non-dry) model cell. The minimum, mean, maximum and percentile values have been 
calculated.  

The following sections cover the base case simulations of the summer, autumn, winter and spring seasons. In 
all cases, the hydrodynamic model was set up to simulate the full load CW discharge from Wylfa Newydd over a 
spring-neap cycle using surface heat flux and TRO decay rates representative of the season. The simulations 
were undertaken without the influence of wind stress. 

6.1.1 Summer Base Case 

The ambient seawater temperature was representative of the summer at 14.6 °C. The model was run in excess 
temperature mode with a wind speed of 5.6 m/s which is the mean measured at RAF Valley for the summer 
season, although the influences of wind drag on the water were not included in the simulation. The surface heat 
flux was 21.7 W/m2/K , again representative of the average for the season. The TRO decay rate was set to an 
appropriate value for the summer season (10.08 per day). 

The model was allowed to warm up over the period 25 June 2011 to 1 August 2011 with the CW discharge 
operating to allow the thermal and TRO fields to develop. After the initial warm-up period the model was run for 
a further period and set to record data at hourly intervals for each model cell. Data at each model cell was 
stored for a full spring-neap cycle over the period 15 August 2011 to 1 September 2011. 

                                                     
4 Spun up/spin up refers to stabilisation of the model. 
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6.1.1.1 Summer Base Case – Temperature Rise 

The mixing zone implied by the extent of the 3 °C 98 percentile rise at the surface (Figure 27) has an 
approximate area of 88.7 hectares, while the 2 °C 98 percentile rise has an area of approximately 227 hectares 
and the 1 °C 98 percentile rise at the surface has an approximate area of 741 hectares.  Highest temperatures 
occur closer to the outfall, with temperatures reducing with distance offshore. The mixing zone is elongated 
WSW to ENE by the action of the currents around Wylfa Head. 

The mixing zone implied by the extent of the 3 °C 98 percentile rise at the bed (Figure 28) is limited to an area 
around the proposed outfall and along the western edge of Wylfa Head, with an area of approximately 2.7 
hectares.  The area of the 2 °C 98ile rise at the bed has an area of approximately 3.5 hectares while the 1 °C 
rise area is approximately 6.6 hectares.  The difference in the size of the mixing zone at the surface and bed is 
primarily due to the buoyancy of the CW discharge. 

6.1.1.2 Summer Base Case – TRO 

The mixing zone implied by the extent of the 10 µg/l 95 percentile contour (Figure 29) has an approximate area 
of 313 hectares.  As for temperature, highest TRO concentrations occur closer to the outfall. The mixing zone is 
elongated WSW to ENE by the action of the currents around Wylfa Head.  

The area of the bed with a TRO 95 percentile concentration greater than 10 µg/l is limited to the vicinity of the 
outfall (Figure 30) and a strip along the western side of Wylfa Head with an area of approximately 4.8 hectares.  
As with the temperature mixing zone, the difference in the size of the mixing zones at the surface and bed is 
due to the buoyancy of the CW discharge. 

6.1.1.3 Summer Base Case – Full extent 

The wider extent of the plume above the background is shown in Figure 31 to Figure 34.  The extent of 
temperature increase above the background extends for a large area (approximately 60 km), predominantly to 
the north west of the intake/outfall area. However, this increase is small, with maximum increases of 0.2 °C. The 
same pattern can be seen for increase in TRO values; however, the extent is smaller (approximately 20 km). 
Here the maximum increase is 2.5 µg/l.  

6.1.1.4 Summer Base Case – Recirculation 

Recirculation occurs when a Power Station draws in water that has been warmed by the CW discharge. Unlike 
a river, where the flow is unidirectional and siting the intake a suitable distance upstream for the discharge 
should prevent recirculation, the potential for recirculation is to be expected in a tidal environment.  

The depth-averaged temperature rise for a model cell (m=141, n=64) approximately in the middle of the CW 
forebay has been calculated from a simulation of the period 15 August 2011 to 1 September 2011. 

In Table 3 the mean, 98 percentile and maximum temperature rise above ambient at the intake are listed. 

Table 3 Recirculation statistics – Summer Base Case. 

Statistic Temperature rise 
above ambient (°C) 

Average 0.46 

98 percentile 0.78 

Maximum 0.84 

The average temperature increase above ambient at the intake was 0.46 °C with a maximum of 0.84 °C. 
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6.1.2 Autumn Base Case 

The ambient seawater temperature was representative of the autumn: 14.3 °C. The model was run in excess 
temperature mode with a wind speed of 6.8 m/s which is the mean measured at RAF Valley for the autumn 
season although the wind drag was set to zero. The surface heat flux was 24 W/m2/K again representative of 
the average for the season. The TRO decay rate was set to an appropriate value of decay (36.81 per day). 

The model was allowed to warm up for the period 21 August 2011 to 21 September 2011 with the CW 
discharge operating to allow the thermal and TRO fields to develop. After this initial warm-up period the model 
was run for a further period and set to record data at hourly intervals for each model cell. Data at each model 
cell was stored for a full spring-neap cycle for the period 21st September 2011 to 6th October 2011. 

6.1.2.1 Autumn Base Case – Temperature Rise 

The mixing zone implied by the extent of the 3 °C 98 percentile rise at the surface (Figure 35) has an 
approximate area of 90.8 hectares. The 2 °C 98 percentile rise at the surface has an approximate area of 241 
hectares, while the 1 °C 98 percentile rise has an area of approximately 750 hectares. 

The mixing zone at the bed implied by the extent of the 3 °C 98 percentile rise area (Figure 36) is approximately 
3.1 hectares and is limited to an area around the proposed outfall and along the western edge of Wylfa Head. 
The area of the 2 °C and 1 °C 98 percentile rise at the bed are approximately 3.9 hectares and 7.2 hectares 
respectively. 

6.1.2.2 Autumn Base Case – TRO 

The predicted 95 percentile TRO concentration at the surface and bed are plotted in Figure 37 and Figure 38, 
respectively.   The mixing zone at the surface implied by the extent of the 10 µg/l 95 percentile contour has an 
approximate area of 288 hectares. 

The area of the bed with a TRO 95 percentile concentration greater than 10 µg/lis limited to the vicinity of the 
outfall (Figure 38) and a strip along the western side of Wylfa Head with an area of approximately 5.1 hectares. 

6.1.2.3 Autumn Base Case – Recirculation 

The depth-averaged temperature rise for a model cell (m=141, n=64) approximately in the middle of the CW 
forebay has been calculated from a simulation of the period 21 September 2011 to 6 October 2011.  

In the following table (Table 4) the mean, 98 percentile and maximum temperature rise above ambient at the 
intake are listed. 

Table 4 Recirculation statistics – Autumn Base Case. 

Statistic Temperature rise 
above ambient (°C) 

Average 0.50 

98 percentile 0.84 

Maximum 0.88 

The average increase in the water temperature at the intake due to the long-term operation of the CWS 
discharge was 0.50 °C. The maximum increase of 0.88 °C was slightly higher than the summer base-case 
maximum. 
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6.1.3 Winter Base Case 

The ambient seawater temperature was representative of the winter: 8.5 °C. The model was run in excess 
temperature mode with a wind speed of 6.9 m/s which is the mean measured at RAF Valley for the winter 
season although the wind drag was set to zero. The surface heat flux was 21.4 W/m2/K again representative of 
the average for the season. The TRO decay rate was set to an appropriate value of decay (4.75per day). 

The model was allowed to warm up for the period 1 December 2011 to 1 January 2012 with the CW discharge 
operating to allow the thermal and TRO fields to develop. After this initial warm-up period the model was run for 
a further period and set to record data at hourly intervals for each model cell. Data at each model cell were 
stored for a full spring-neap cycle for the period 11 January 2012 to 25 January 2012. 

6.1.3.1 Winter Base Case – Temperature Rise 

The mixing zone implied by the extent of the 3 °C 98 percentile rise at the surface (Figure 39) has an 
approximate area of 79 hectares, while the 2 °C 98 percentile rise and 1 °C 98 percentile rise cover areas of 
approximately 176 and 544 hectares, respectively.  

The mixing zone implied by the extent of the 3 °C 98 percentile rise at the bed (Figure 40) is limited to an area 
around the proposed outfall and along the western edge of Wylfa Head, covering approximately 3.2 hectares. 
The area of the 2 °C 98 percentile rise at the bed has an area of approximately 4.1 hectares while the 1 °C rise 
area is approximately 7.9 hectares.  

6.1.3.2 Winter Base Case – TRO 

The mixing zone implied by the extent of the 10 µg/l 95 percentile contour (Figure 41) has an approximate area 
of 185.24 hectares. 

The area of the bed with a TRO 95 percentile concentration greater than 10 µg/l is limited to the vicinity of the 
outfall (Figure 42) and a strip along the western side of Wylfa Head with an area of approximately 5.72 hectares 

6.1.3.3 Winter Base Case – Recirculation 

The depth-averaged temperature rise for a model cell (m=141, n=64) approximately in the middle of the CW 
forebay has been calculated from a simulation of the period 11 January 2012 to 25 January 2012. 

In the following table (Table 5) the mean, 98 percentile and maximum temperature rise above ambient at the 
intake are listed. 

Table 5 Recirculation statistics - Winter Base Case. 

Statistic Temperature rise 
above ambient (°C) 

Average 0.44 

98 percentile 0.64 

Maximum 0.66 

The average increase in the water temperature at the intake due to the long-term operation of the CWS 
discharge was 0.44 °C. The maximum increase of 0.66 °C was lower than the summer base-case maximum. 

6.1.4 Spring Base Case 

The ambient seawater temperature was representative of the winter: 9.0 °C. The model was run in excess 
temperature mode with a wind speed of 6 m/s which is the mean measured at RAF valley for the spring season 
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although the wind drag was set to zero. The surface heat flux was 19.7 W/m2/K, again representative of the 
average for the season. The TRO decay rate was set to an appropriate value of decay (11.15 per day). 

The model was allowed to warm up for the period 1 March 2011 to 1 April 2011 with the CW discharge 
operating to allow the thermal and TRO fields to develop. After this initial warm-up period the model was run for 
a further period and set to record data at hourly intervals for each model cell. Data at each model cell were 
stored for a full spring-neap cycle for the period 11 April 2011 to 25 April 2011. 

6.1.4.1 Spring Base Case – Temperature Rise 

The mixing zone implied by the extent of the 3 °C 98 percentile rise at the surface (Figure 43) has an 
approximate area of 88.8 hectares, while the 2 °C 98 percentile rise has an area of approximately 212 hectares. 
The 1 °C 98 percentile rise at the surface has an approximate area of 642 hectares. 

The mixing zone implied by the extent of the 3 °C 98 percentile rise at the bed (Figure 44) is limited to an area 
around the proposed outfall and along the western edge of Wylfa Head. The area of the 3 °C 98 percentile rise 
at the bed has an area of approximately 3.2 hectares while the 2 °C rise area is approximately 4.1 hectares. 
The 1°C 98 percentile rise area is approximately 7.9 hectares. 

6.1.4.2 Spring Base Case – TRO 

The mixing zone implied by the extent of the 10 µg/l 95 percentile contour (Figure 45) has an approximate area 
of 223 hectares. 

The area of the bed with a TRO 95 percentile concentration greater than 10 µg/l is limited to the vicinity of the 
outfall (Figure 46) and a strip along the western side of Wylfa Head with an area of approximately 5.5 hectares 

6.1.4.3 Spring Base Case – Recirculation 

The depth-averaged temperature rise for a model cell (m=141, n=64) approximately in the middle of the CW 
forebay has been calculated from a simulation of the period 11 April 2011 to 25 April 2011. 

In Table 6 the mean, 98 percentile and maximum temperature rise above ambient at the intake are listed. 

Table 6 Recirculation statistics – Spring Base Case. 

Statistic Temperature rise 
above ambient (°C) 

Average 0.47 

98 percentile 0.70 

Maximum 0.76 

The average increase in the water temperature at the intake due to the long-term operation of the CWS 
discharge was 0.47 °C. The maximum increase of 0.76 °C was lower than the summer base-case maximum 
(0.84 °C) 
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Figure 27 Surface temperature, 98 percentile – Summer  base case. 

 

Figure 28 Bed temperature, 98 percentile – Summer  base case. 
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Figure 29 Surface TRO concentration, 95 percentile – Summer base case. 

 

Figure 30 Bed TRO concentration, 95 percentile – Summer base case. 
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Figure 31 Surface temperature, 98 percentile – Summer base case, wide extent. 

 

Figure 32 Bed temperature, 98 percentile – Summer base case, wide extent. 
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Figure 33 Surface TRO concentration, 95 percentile – Summer base case, wide extent. 

 

Figure 34 Bed TRO concentration, 95 percentile – Summer base case, wide extent. 
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Figure 35 Surface temperature, 98 percentile – Autumn base case. 

 

Figure 36 Bed temperature, 98 percentile – Autumn base case. 
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Figure 37 Surface TRO concentration, 95 percentile – Autumn base case. 

 

Figure 38 Bed TRO concentration, 95 percentile – Autumn base case. 
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Figure 39 Surface temperature, 98 percentile – Winter base case. 

 

Figure 40 Bed temperature, 98 percentile – Winter base case. 
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Figure 41 Surface TRO concentration, 95 percentile – Winter base case. 

 

Figure 42 Bed TRO concentration, 95 percentile – Winter base case. 
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Figure 43 Surface temperature, 98 percentile – Spring base case. 

 

Figure 44 Bed temperature, 98 percentile – Spring base case. 
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Figure 45 Surface TRO concentration, 95 percentile – Spring base case. 

 

Figure 46 Bed TRO concentration, 95 percentile – Spring base case. 
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6.2 Heat Flux Sensitivity 

Model simulations were undertaken with both low and high surface heat exchange coefficients. The low surface 
heat flux condition was 12 W/m2/K (10 W/m2/K lower than the summer base-case), while the high heat flux 
condition was 35 W/m2/K (13 W/m2/K higher than the summer base-case). Apart from the surface heat 
exchange coefficients the simulations were repeats of the summer base-case.  

In the following sections the difference between the predicted temperature rise with the high and low heat flux 
conditions and the base-case are plotted for surface and bed. 

6.2.1 Low Flux Model Setup 

The simulation was a version of the summer base case in which the wind speed and area in the model were 
used to set the required surface heat flux in the model.  The surface heat flux was 12 W/m2/K , representative of 
a low surface heat flux (10 W/m2/K lower than the base case surface heat flux). Other parameters such as the 
TRO decay rate were left as in the summer base case (10.08 per day). 

The model was allowed to warm up for the period 25 June 2011 to 1 August 2011 with the CW discharge 
operating to allow the thermal and TRO fields to develop. After this initial warm-up period the model was run for 
a further period and set to record data at hourly intervals for each model cell. Data at each model cell were 
stored for a full spring-neap cycle for the period 15 August 2011 to 1 September 2011. 

6.2.1.1 Summer Low Flux Case – Temperature Rise 

The mixing zone implied by the extent of the 3 °C 98 percentile rise at the surface (Figure 47) has an 
approximate area of 91.1 hectares, while the 2 °C 98 percentile rise has an area of approximately 198 hectares. 
The 1 °C 98 percentile rise at the surface has an approximate area of 624 hectares.   

The mixing zone implied by the extent of the 3 °C 98 percentile rise at the bed (Figure 48) is limited to an area 
around the proposed outfall and along the western edge of Wylfa Head, covering approximately 3.3 hectares. 
The area of the 2 °C 98 percentile rise at the bed has an area of approximately 4.4 hectares while the 1 °C 98 
percentile rise area is approximately 9.2 hectares.  

The output of the low heat flux and base cases has been processed to produce the mean difference between 
the two. In the data plotted in Figure 49 and Figure 50, a positive value occurs where the use of the low surface 
flux results in a higher predicted temperature rise compared to the base case at the surface and bed 
respectively. As expected the low surface heat loss results in general in elevated sea surface temperatures 
compared to the base case. However, differences are small and some areas of temperature reduction are also 
observed to occur further offshore, but only at the surface.  In Cemlyn Bay the mean difference at the surface 
between the two cases is around 0.03 °C. The small differences between the two cases are indicative of the 
relative strength of the mixing processes compared to the surface heat loss in the waters surrounding Wylfa 
Head.   

The mean differences in temperature rise at the bed between the low heat flux case and the base case are also 
small. In Cemlyn and Cemaes Bays the difference at the bed is around 0.02 °C. 

6.2.1.2 Summer Low Flux Case – TRO 

The mixing zone implied by the extent of the 10 µg/l 95 percentile contour (Figure 51) has an approximate area 
of 231 hectares. 

The area of the bed with a TRO 95 percentile concentration greater than 10 µg/l is limited to the vicinity of the 
outfall (Figure 52) and a strip along the western side of Wylfa Head with an area of approximately 6.2 hectares 
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6.2.1.3 Summer Low Flux Case – Recirculation 

The depth-averaged temperature rise for a model cell (m=141, n=64) approximately in the middle of the CW 
forebay has been calculated from a simulation of the period 15 August 2011 to 1 September 2011.  

In Table 7 the mean, 98 percentile and maximum temperature rise above ambient at the intake are listed. 

Table 7 Recirculation statistics – Low flux case. 

Statistic Temperature rise 
above ambient (°C) 

Temperature difference to 
base case (°C) 

Average 0.51 0.05 

98 percentile 0.79 0.01 

Maximum 0.84 0 

The average recirculation for the low surface heat flux case is 0.51 °C which is 0.05 °C higher than the summer 
base case for the same period. This demonstrates that recirculation was relatively insensitive to the surface 
heat exchange coefficient.  

6.2.2 High Flux Model Setup 

The simulation was a version of the summer base case in which the wind speed and area in the model were 
used to set the required surface heat flux in the model.  The surface heat flux was 35 W/m2/K representative of 
a high surface heat flux (13 W/m2/K higher than the base case surface heat flux). Other parameters such as the 
TRO decay rate were left as in the summer base case (10.08 per day). 

The model was allowed to warm up for the period 25 June 2011 to 1 August 2011 with the CW discharge 
operating to allow the thermal and TRO fields to develop. After this initial warm-up period the model was run for 
a further period and set to record data at hourly intervals for each model cell. Data at each model cell were 
stored for a full spring-neap cycle for the period 15 August 2011 to 1 Sept 2011. 

6.2.2.1 Summer High Flux Case – Temperature Rise 

The mixing zone implied by the extent of the 3 °C 98 percentile rise at the surface (Figure 53) has an 
approximate area of 86.7 hectares, while the 2 °C 98 percentile rise has an area of approximately 318 hectares. 
The 1 °C 98 percentile rise at the surface has an approximate area of 727 hectares.  These areas are slightly 
smaller than the equivalent areas for the summer base case (which were 88.7, 227 and 741 hectares for the 3, 
2 and 1°C 98 percentile rise, respectively).   

The mixing zone implied by the extent of the 3 °C 98 percentile rise at the bed (Figure 54) is limited to an area 
around the proposed outfall and along the western edge of Wylfa Head, with an area of approximately 3.1 
hectares. The area of the 2 °C 98 percentile rise at the bed has an area of approximately 3.8 hectares while the 
1 °C 98 percentile rise area is approximately 7.1 hectares.  

The output of the high heat flux and base cases has been processed to produce the mean difference between 
the two at the surface and at the bed (Figure 55 and Figure 56). As expected the higher surface heat loss 
results in reduced sea surface temperatures compared to the base case. However, differences are in general 
small. In Cemlyn Bay the mean difference at the surface between the two cases is around -0.03 °C. These 
small differences between the two cases are indicative of the relative strength of the mixing processes 
compared to the surface heat loss at in the waters surrounding Wylfa Head. The mean differences in 
temperature rise at the bed between the two surface heat flux cases are also small. In Cemlyn and Cemaes 
Bays the difference at the bed is generally around -0.02 °C, with the difference in some near shore areas 
around 0.03 °C. 
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6.2.2.2 Summer High Flux Case – TRO 

The mixing zone implied by the extent of the 10 µg/l 95 percentile contour (Figure 57) has an approximate area 
of 305 hectares. 

The area of the bed with a TRO 95 percentile concentration greater than 10 µg/l is limited to the vicinity of the 
outfall (Figure 58) and a strip along the western side of Wylfa Head with an area of approximately 5.1 hectares 

6.2.2.3 Summer High Flux Case – Recirculation 

The depth-averaged temperature rise for a model cell (m=141, n=64) approximately in the middle of the CW 
forebay has been calculated from a simulation of the period 15 August 2011 to 1 September 2011.  

In Table 8 the mean, 98 percentile and maximum temperature rise above ambient at the intake are listed. 

Table 8 Recirculation statistics – High flux case. 

Statistic Temperature rise 
above ambient (°C) 

Temperature difference to 
base case (°C) 

Average 0.45 -0.01 

98 percentile 0.76 -0.02 

Maximum 0.81 -0.03 

The average recirculation for the high surface heat flux case is 0.45 °C which is 0.01 °C lower than the summer 
base case for the same period. This demonstrates that recirculation was insensitive to the surface heat 
exchange coefficient.  
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Figure 47 Surface temperature, 98 percentile – Low surface heat flux. 

 

Figure 48 Bed temperature, 98 percentile – Low bed heat flux. 
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Figure 49 Surface temperature mean difference – Low surface heat flux. 

 

Figure 50 Bed temperature mean difference – Low bed heat flux. 
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Figure 51 Surface TRO concentration, 95 percentile – Low surface heat flux. 

 

Figure 52 Bed TRO concentration, 95 percentile – Low bed heat flux. 
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Figure 53 Surface temperature, 98 percentile – High surface heat flux. 

 

Figure 54 Bed temperature, 98 percentile – High bed heat flux. 
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Figure 55 Surface temperature mean difference – High surface heat flux. 

 

Figure 56 Bed temperature mean difference – High bed heat flux. 
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Figure 57 Surface TRO concentration, 95 percentile – High surface heat flux. 

 

Figure 58 Bed TRO concentration, 95 percentile – High bed heat flux. 
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6.3 Source Sensitivity 

In order to explore the sensitivity of the predicted mid and far field mixing to the representation of the near field, 
two CORMIX studies have been undertaken. One has a short near field where the CW discharge is introduced 
into the model at the location of the outfall structure; and the second simulates a situation where the near field is 
longer, with the discharge representation moved 100 m offshore. These two simulations were selected as 
boundaries on likely near field conditions (Moores, 2016c and 2016d). 

6.3.1 Short Field 

To simulate a case with a short, effectively zero length, near field, the Wylfa Newydd CW discharge was 
introduced into the model at the two cells at the end of the outfall structure. 

The model was run for the period 29 June 2011 to 1 August 2011 with the CWS discharge operating to allow 
the thermal and TRO fields to develop. After the initial warm-up, which used the standard source representation, 
the model was run for a further period and set to record data at hourly intervals for each model cell. Data at 
each model cell were stored for a full spring-neap cycle for the period 15 August 2011 to 1 September 2011. 
The model was run for two weeks with the new two-cell source representation before data were recorded. The 
warm-up simulation using the standard source representation allowed the long-term thermal field to develop. 
The two weeks simulated with the modified source representation prior to data being recorded ensured that the 
influence of the standard representation on the shorter-term thermal field was eliminated. 

6.3.1.1 Short Near Field – Temperature Rise 

The mixing zone implied by the extent of the 3 °C 98 percentile rise at the surface (Figure 60) has an 
approximate area of 68.0 hectares. The 2 °C 98 percentile rise at the surface has an approximate area of 167 
hectares, while the 1 °C 98 percentile rise has an area of approximately 716 hectares.  The size of the 2°C 
mixing zone at the surface is approximately 75% of that predicted in the base case.   

The mixing zone at the bed implied by the extent of the 2 °C 98 percentile rise area (Figure 61) is approximately 
2.4 hectares and is limited to an area around the proposed outfall. The mixing zone is reduced compared to the 
summer base case and does not extend along the western edge of Wylfa Head.  The area of the 3 °C and 1 °C 
98 percentile rises at the bed are approximately 2.2 hectares and 5.7 hectares respectively. 

6.3.1.2 Difference between Short Near Field and Standard Source Representation 

The mean difference between the surface and bed temperature predicted using the simple and standard source 
representation is plotted in Figure 62 and Figure 63. 

In general differences are small with values of more than +/- 0.02 °C constrained to an area within 2.5 km of the 
outfall. To the west of the outfall the surface (Figure 62) is warmer with the simple source by up to 2.5 °C, while 
to the east, the simple source results in predicted temperatures 2.1 °C cooler than the base case.  The simple 
source is more constrained by Wylfa Head than the standard source representation and this explains the 
distribution of the differences observed.   

In general the difference between the predicted bed temperatures (Figure 63) using the two source 
representations is small, with values of more than +/- 0.02 °C constrained to an area within 0.5 km of the outfall. 
Close to the outfall the simple source representation results in predicted temperatures 5 °C higher, while along 
the western edge of Wylfa Head temperatures are up to 1.4 °C lower. The increase close to the actual outfall at 
the bed compared to the base case is due to the differences in how the CW is introduced into both models. The 
simple source uses two cells at the outfall location and assumes a vertically well-mixed discharge. Given the 
grid size and CW flow higher bed temperatures at the point where the CW is introduced into the model are to be 
expected with the simple source representation. 
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6.3.1.3 Short Near Field – TRO Mixing Zone 

The mixing zone implied by the extent of the 10 µg/l 95 percentile contour (Figure 64) has an approximate area 
of 292 hectares. 

The area of the bed with a TRO 95 percentile concentration greater than 10 µg/l is limited to the vicinity of the 
outfall and a strip along the western side of Wylfa Head with an area of approximately 4.1 hectares (Figure 65). 

6.3.1.4 Short Near Field – Recirculation 

The depth-averaged temperature rise for a model cell (m=141, n=64) approximately in the middle of the CW 
forebay has been calculated from a simulation of the period from the 15 August 2011 to 1 September 2011. 

In Table 9 the mean, 98 percentile and maximum temperature rise above ambient at the intake are listed. 

Table 9 Recirculation statistics – Short near field case. 

Statistic Temperature rise 
above ambient (°C) 

Temperature Difference between Short 
Near Field and Base Case (°C) 

Average 0.46 0 

98 percentile 0.74 -0.04 

Maximum 0.79 -0.05 

 

The average rise above the ambient at the intake for the short near field case is 0.46°C (which is unchanged 
from the base case). The 98 percentile and maximum rise were slightly less than the base case. 

6.3.2 Long Near Field 

The hydrodynamic model was set up to simulate the full load CW discharge from Wylfa Newydd over a spring-
neap cycle using surface heat flux and TRO decay rates representative of the summer. The simulation includes 
a conservative tracer in the discharge to allow dilution factors to be calculated if required, for example, by the 
H1 screening process. The only difference to the summer base case is that the source representation has been 
moved approximately 100 m offshore. This simulated a longer near-field than was predicted using CORMIX. 

The cells used for the summer base case and the source sensitivity study are listed and shown in Table 10 and 
Figure 59 respectively below. 

Table 10 Cells used for the location of the source representation in the base and long near field source sensitivity cases. 

Cell No. Base case Long Near Field 

1 121,34 121,34 

2 122,34 130,31 

3 123,32 129,30 

4 124,32 128,30 

5 125,32 127,28 

6 124,31 127,30 
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7 123,31 126,31 

8 122,30 123,32 

 

Figure 59 Cells used for the location of the source representation in the base and long near field source sensitivity cases. 

 

6.3.2.1 Long Near Field – Temperature Rise 

The mixing zone implied by the extent of the 2 °C 98 percentile rise at the surface (Figure 66) has an 
approximate area of 211 hectares, which is smaller than that for the base case.  

The 3 °C 98 percentile rise at the surface has an approximate area of 79.7 hectares, while the 1 °C 98 
percentile rise has an area of approximately 679 hectares. 

The mixing zone at the bed implied by the extent of the 2 °C 98 percentile rise area (Figure 67) is approximately 
4.8 hectares and is limited to an area around the proposed outfall and along the western edge of Wylfa Head. 
The area of the 3 °C and 1 °C 98 percentile rise at the bed is approximately 3.1 hectares and 9.0 hectares 
respectively. 

6.3.2.2 Difference between Long Near Field and Standard Source Representation 

The mean difference between the surface and bed temperature predicted using the simple and standard source 
representation is plotted in Figure 68 and Figure 69, respectively. A negative value implies that the long near 
field source representation results in a lower predicted temperature rise compared to the base case. Differences 
of more than 0.02 °C are constrained to an area within 2.5 km of the outfall.  Temperatures are generally 
reduced for the long near field case, with largest reductions of more than 2 °C occurring to the north west of the 
outfall.  This general reduction in predicted temperature rise is due to the more offshore source representation 
mixing the discharge in greater volumes of water, due to the greater depth. Within the inshore areas differences 
show a small increase in surface temperature rise, although these are typically less than 0.5 °C. These areas of 
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temperature increase result from the increased advection of the discharge from the more exposed offshore 
discharge location.       

In general there is only a small difference in the mean between the bed temperature rise predicted using the 
long near field and the base case (Figure 69). In Cemaes and Cemlyn Bays the differences are around 0.02°C 
and 0.03°C respectively.  

In Porth-y-pistyll the long near field simulation predicts a slightly higher bed temperature rise compared to the 
base case, with the mean difference being up to 0.09°C.  West of Wylfa Head the long far field source results in 
slightly higher temperatures with a mean difference of up to 0.8°C. Near the actual outfall in Porth Wnal the 
mean difference between the long near field and base case is 1.4°C. This is because in the long near field case 
the discharge is introduced in cells further offshore reducing temperatures close to the location of the outfall 
structure, but increasing the potential for advection of the discharge by the tidal flow.   

6.3.2.3 Long Near Field – TRO Mixing Zone 

The mixing zone implied by the extent of the 10 µg/l 95 percentile contour (Figure 70) has an approximate area 
of 283 hectares. 

The area of the bed with a TRO 95 percentile concentration greater than 10 µg/l is limited to the vicinity of the 
outfall and a strip along the western side of Wylfa Head with an area of approximately 6.4 hectares (Figure 71). 

6.3.2.4 Long Near Field – Recirculation 

The depth-averaged temperature rise for a model cell (m=141, n=64) approximately in the middle of the CW 
forebay has been calculated from a simulation of the period 15 August 2011 to 1 September 2011.  

In Table 11 the mean, 98 percentile and maximum temperature rise above ambient at the intake and the 
temperature difference between the long near field and base case are listed. 

Table 11 Recirculation statistics – Long near field. 

Statistic Temperature rise 
above ambient (°C) 

Temperature Difference between Long 
Near Field and Base Case (°C) 

Average 0.52 0.06 

98 percentile 0.78 0 

Maximum 0.82 -0.02 

 

The long near field sensitivity simulations predict a slightly greater recirculation compared to the base case. The 
average recirculation in the sensitivity case was 0.52 °C which is 0.06 °C higher than the base case. This can 
be explained by the closer proximity of the outfall in the sensitivity case to the intake in comparison to the base 
case.  

6.3.3 Summary of Source Sensitivity Studies 

In general away from the vicinity of the outfall differences between the predicted surface and bed temperature 
rise using the two representations are small. The simple two-cell representation for the short near field results in 
higher predicted temperatures at the surface and bed close to the outfall location and a reduction in the 
predicted rise along the western edge of Wylfa Head.  The difference between the predicted temperature rises 
reduces with distance from the outfall.  

The mixing zone implied by the 2 °C temperature and the 0.01 mg/l 95 percentile TRO contours using the 
two-cell representation is somewhat smaller than that for the eight-cell representation.  
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Differences between the base case and a simulation with a long near field are also small. In part differences 
between the base case and long near field will be due to the further offshore source representation mixing the 
discharge in greater volumes of water, due to the greater depth. Closer to the outfall itself the differences are 
greater, with mean difference between the long near field representation and base case being more than 2 °C. 
Either side of the area of maximum negative difference there are two areas where the longer near field results in 
an increased surface temperature rise compared to the base case of up to 0.5 °C. These areas result from the 
enhanced advection of the discharge from the more exposed outfall location.  

Overall the predicted temperature and TRO mixing zones are fairly insensitive to the source representation with 
differences of more than 0.02 °C constrained to within 2.5 km of the outfall location.  
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Figure 60 Surface temperature, 98 percentile – Short near field case. 

 

Figure 61 Bed temperature, 98 percentile – Short near field case. 
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Figure 62 Surface temperature mean difference – Short near field and standard source. 

 

Figure 63 Bed temperature mean difference – Short near field and standard source. 
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Figure 64 Surface TRO concentration, 95 percentile – Short near field case. 

 

Figure 65 Bed TRO concentration, 95 percentile – Short near field case. 
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Figure 66 Surface temperature 98 percentile – Long near field case. 

 

Figure 67 Bed temperature, 98 percentile – Long near field case. 
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Figure 68 Surface temperature mean difference – Long near field and base case. 

 

Figure 69 Bed temperature mean difference – Long near field and base case. 
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Figure 70 Surface TRO concentration, 95 percentile – Long near field case. 

 

Figure 71 Bed TRO concentration, 95 percentile – Long near field case. 
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6.4 Wind Sensitivity studies 

A number of model simulations have been undertaken to study the influence of wind on the predicted 
temperature rise and TRO concentrations. The following sections provide background information on the wind 
climate of the study area and the sensitivity studies undertaken.  

Of the two data sets available for use in modelling studies, the RAF Valley data set is the most appropriate for 
the hydrodynamic modelling as it is a good representation of the prevailing conditions over the sea. An 
alternative data set that modelled conditions for Wylfa Newydd that were created for local air quality modelling 
purposes is discussed below.  

The most common direction in the 2003-2012 RAF Valley wind data is from the south-southwest (see Figure 72 
below) which for RAF Valley is from the sea. The least common wind direction for the 2003 to 2012 data plotted 
in Figure 72 is from the southeast. 

The strength and duration of the wind will also determine the potential influence on the CW plume. In Figure 73 
the average wind speed in each of the 10° bins5 has been plotted for the RAF Valley 2003-2012 data set. The 
strongest winds are those from the south-southwest. The average wind speed from this direction is 8.8 m/s.   

 

Figure 72 Percentage of observations (y axis) by direction (x axis) (RAF Valley Data, 2003-2012). 

 
  

                                                     
5 Bins are categories for ranges of numbers 
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Figure 73 Wind speed (m/s) (y axis) by direction (x axis) (RAF Valley Data, 2003-2012). 

 

Broadly, winds from the north will have the potential to move the CW plume onshore, while winds from the south 
will have the potential to move the plume offshore. Percentage of occurrences, average and 95 percentile wind 
speeds over a 90° sector are detailed in Table 12. 

Table 12 Wind statistics 2003-2012 by sector (RAF Valley Data, 2003-2012). 

Direction Percentage Of 
Hours 

Average (m/s) 95 percentile 
(m/s) 

North 18.3 4.7 9.8 

East 15.8 4.0 8.7 

South 36.3 8.3 14.4 

West 27.7 6.7 12.3 

Note: The percentage of hours does not include those hours when no wind was recorded and the sum is 
therefore less than 100 %. 

In addition to the wind speed the duration of wind events will also influence the potential for wind in a given 
sector to move the plume. Typically the probability of a wind from a given direction reduces with time. Long 
duration winds are relatively rare with short duration directional periods being the most common. 
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6.5 Simulation with a constant wind from the south 

The model was run in excess temperature mode with a wind speed of 8.3 m/s which is the mean measured at 
RAF valley from the southern sector. The surface heat flux was 21.7 W/m2/K, again representative of the 
average for the season and in accordance with other summer simulations.  

The TRO concentration of the discharge was set to 0.1 mg/l over the intake. The TRO decay rate was set to 
10.08 per day as with the summer base case 

The model was run for the period 29 June 2011 to 1 August 2011 with the CW discharge operating to allow the 
thermal and TRO fields to develop. After this initial warm-up period the model was run for a further period and 
set to record data at hourly intervals for each model cell. Data at each model cell were stored for a full spring-
neap cycle for the period 15 August 2011 to 1 September 2011. 

6.5.1 South Wind – Temperature Rise 

The mixing zone implied by the extent of the 3 °C 98 percentile rise at the surface (Figure 74) has an 
approximate area of 25.6 hectares, while the 2 °C 98 percentile rise has an area of approximately 47.8 
hectares. The 3 °C 98 percentile rise at the surface has an approximate area of 155 hectares.  The size of the 
mixing zone is reduced compared to the base (no wind stress) case.   

The mixing zone implied by the extent of the 3 °C 98 percentile rise at the bed (Figure 75) is limited to an area 
around the proposed outfall and along the western edge of Wylfa Head, with an area of approximately 2.9 
hectares. The area of the 2 °C 98 percentile rise at the bed has an area of approximately 3.7 hectares while the 
1 °C 98 percentile rise area is approximately 5.9 hectares. 

6.5.2 South Wind – TRO 

The mixing zone implied by the extent of the 10 µg/l 95 percentile contour (Figure 76) has an approximate area 
of 80.0 hectares.  The mixing zone is reduced compared to the base (no wind stress) case. 

The area of the bed with a TRO 95 percentile concentration greater than 10 µg/l is limited to the vicinity of the 
outfall and a strip along the western side of Wylfa Head with an area of approximately 4.8 hectares (Figure 77). 

6.5.3 South Wind – Recirculation 

The depth-averaged temperature rise for a model cell (m=141, n=64) approximately in the middle of the CW 
forebay has been calculated from a simulation of the period 15 August 2011 to 1 September 2011.  

In Table 13 the mean, 98 percentile and maximum temperature rise above ambient at the intake are listed. 

Table 13 Recirculation statistics – south wind case. 

Statistic Temperature rise 
above ambient (°C) 

Difference between south wind 
case and base case (°C) 

Average 0.31 –0.15 

98 percentile 0.40 –0.38 

Maximum 0.42 –0.42 

 

The average temperature rise above ambient at the intake for the south wind case is 0.31 °C (0.15 °C less than 
the no wind case). The 98 percentile and maximum rise were also less than the no wind stress case by 0.38 
and 0.42 °C respectively.   
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Overall, the influence of a continuous wind from the south with a speed equal to the average from the southern 
sector has been to reduce both recirculation and the size of the temperature and TRO mixing zones at the 
surface. This is because the wind is tending to move the plume out into the area of faster currents north of 
Wylfa Head where mixing is stronger... 

6.6 Simulation with a constant wind from the west 

The model was run in excess temperature mode with a wind speed of 6.7 m/s which is the mean measured at 
RAF valley from the western sector. The surface heat flux was 21.7 W/m2/K again representative of the average 
for the season. The TRO decay rate was set to 10.08 per day. 

The model was run for the period 29 June 2011 to 1 August 2011 with the CW discharge operating to allow the 
thermal and TRO fields to develop. After this initial warm-up period the model was run for a further period and 
set to record data at hourly intervals for each model cell. Data at each model cell were stored for a full spring-
neap cycle for the period 15 August 2011 to 1 September 2011. 

6.6.1 West Wind – Temperature Rise 

The mixing zone implied by the extent of the 3 °C 98 percentile rise at the surface (Figure 78) has an 
approximate area of 50.7 hectares, while the 2 °C 98 percentile rise has an area of approximately 97.8 
hectares. The 1 °C 98 percentile rise at the surface has an approximate area of 311 hectares.  The mixing zone 
is reduced compared to the base (no wind stress) case. 

The mixing zone implied by the extent of the 3 °C 98 percentile rise at the bed (Figure 79) is limited to an area 
around the proposed outfall and along the western edge of Wylfa Head, with an area of 3.3 hectares. The area 
of the 2 °C 98 percentile rise at the bed has an area of approximately 4.2 hectares while the 1 °C rise area is 
approximately 11.7 hectares.  

6.6.2 West Wind – TRO 

The mixing zone implied by the extent of the 10 µg/l 95 percentile contour (Figure 80) has an approximate area 
of 139 hectares.  The mixing zone is reduced compared to the base (no wind stress) case. 

The area of the bed with a TRO 95 percentile concentration greater than 10 µg/l is limited to the vicinity of the 
outfall and a strip along the western side of Wylfa Head with an area of approximately 6.6 hectares (Figure 81). 

6.6.3 West Wind – Recirculation 

The depth-averaged temperature rise for a model cell (m=141, n=64) approximately in the middle of the CW 
forebay has been calculated from a simulation of the period 15 August 2011 to 1 September 2011. 

In Table 14 the mean, 98 percentile and maximum temperature rise above ambient at the intake are listed. 

Table 14 Recirculation statistics - West wind case. 

Statistic Temperature rise 
above ambient (°C) 

Difference between west wind 
case and base case (°C) 

Average 0.46 0 

98 percentile 0.60 -0.18 

Maximum 0.65 -0.19 
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The average temperature rise above ambient at the intake for the west wind case is 0.46 °C (the same as the 
no wind stress case). The 98 percentile and maximum temperature rises were less than the no wind stress case 
(by 0.18 °C and 0.19 °C, respectively)   

Overall the imposition of a constant wind from the west reduced the size of the mixing zone and the maximum 
recirculation. The average recirculation was unchanged.   

6.7 Simulation with a constant wind from the north 

The model was run in excess temperature mode with a wind speed of 4.7 m/s which is the mean measured at 
RAF Valley from the northern sector. The surface heat flux was 21.7 W/m2/K again representative of the 
average for the season. The TRO decay rate was set to 10.08 per day. 

The model was run for the period 29 June 2011 to 1 August 2011 with the CW discharge operating to allow the 
thermal and TRO fields to develop. After this initial warm-up period the model was run for a further period and 
set to record data at hourly intervals for each model cell. Data at each model cell was stored for a full spring-
neap cycle for the period 15 August 2011 to 1 September 2011. 

6.7.1 North Wind – Temperature Rise 

The mixing zone implied by the extent of the 3 °C 98 percentile rise at the surface (Figure 82) has an 
approximate area of 103 hectares, while the 2 °C 98 percentile rise has an area of approximately 225 hectares. 
The 1 °C 98 percentile rise at the surface has an approximate area of approximately 700 hectares.  The mixing 
zone implied by the extent of the 3 °C contour is larger than for the no wind (base) case, while the mixing zone 
implied by the extent of the 2 °C and 1 °C contours are smaller than that for the no wind base case.   

The mixing zone implied by the extent of the 3 °C 98 percentile rise at the bed (Figure 83) is limited to an area 
around the proposed outfall and along the western edge of Wylfa Head, covering an area of approximately 0.4 
hectares. The area of the 2 °C 98 percentile rise at the bed has an area of approximately 0.7 hectares while the 
1 °C rise area is approximately 2.7 hectares. The mixing zones at the bed are smaller than for the no wind base 
case. 

6.7.2 North Wind – TRO 

The mixing zone implied by the extent of the 10 µg/l 95 percentile contour (Figure 84) has an approximate area 
of 239 hectares.  The mixing zone at the surface is smaller than that for the no wind base case. 

The area of the bed with a TRO 95 percentile concentration greater than 10 µg/l is limited to the vicinity of the 
outfall and a strip along the western side of Wylfa Head with an area of approximately 7.7 hectares (Figure 85).  
The mixing zone at the bed is larger than that for the no wind base case. 

6.7.3 North Wind – Recirculation 

The depth-averaged temperature rise for a model cell (m=141, n=64) approximately in the middle of the CW 
forebay has been calculated from a simulation of the period 15 August 2011 to 1 September 2011.  

In Table 15 the mean, 98 percentile and maximum temperature rise above ambient at the intake and the 
difference between the north wind and base case are listed. 
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Table 15 Recirculation statistics – north wind case. 

Statistic Temperature rise 
above ambient (°C) 

Difference between north wind 
case and base case (°C) 

Average 0.63 0.17 

98 percentile 1.13 0.35 

Maximum 1.28 0.44 

 

The average temperature rise above ambient at the intake for the north wind case is 0.63 °C (0.17 °C greater 
than the no wind stress case). The 98 percentile and maximum rise were also larger than the no wind stress 
case (by 0.35 °C and 0.44 °C respectively)   

Overall the imposition of wind stress from a continuous wind from the north with a speed equal to the average 
for that sector acts to drive the plume onshore, reducing plume advection away from the area.  This results in an 
increase in the size of the surface mixing zone above 3 °C and increases recirculation. 

6.8 Simulation with a constant wind from the east 

The model was run in excess temperature mode with a wind speed of 4.0 m/s which is the mean measured at 
RAF valley from the southern sector. The surface heat flux was 21.7 W/m2/K again representative of the 
average for the season. The TRO decay rate was set to 10.08 per day. 

The model was run for the period 29 June 2011 to 1 August 2011 with the CW discharge operating to allow the 
thermal and TRO fields to develop. After this initial warm-up period the model was run for a further period and 
set to record data at hourly intervals for each model cell. Data at each model cell were stored for a full spring-
neap cycle for the period 15 August 2011 to 1 September 2011. 

6.8.1 East Wind – Temperature Rise 

The mixing zone implied by the extent of the 3 °C 98 percentile rise at the surface (Figure 86) has an 
approximate area of 61 hectares, while the 2 °C 98 percentile rise has an area of approximately 154 hectares. 
The 1 °C 98 percentile rise at the surface has an approximate area of 545 hectares.  The size of the mixing 
zone is reduced compared to the base (no wind stress) case. 

The mixing zone implied by the extent of the 3 °C 98 percentile rise at the bed (Figure 87) is limited to an area 
around the proposed outfall and along the western edge of Wylfa Head, covering an area of approximately 2.8 
hectares. The area of the 2 °C 98 percentile rise at the bed has an area of approximately 3.7 hectares while the 
2 °C rise area is approximately 6.3 hectares.  

6.8.2 East Wind – TRO 

The mixing zone implied by the extent of the 10 µg/l 95 percentile contour (Figure 88) has an approximate area 
of 213 hectares.  The mixing zone is reduced compared to the base (no wind stress) case. 

The area of the bed with a TRO 95 percentile concentration greater than 10 µg/l is limited to the vicinity of the 
outfall and a strip along the western side of Wylfa Head with an area of approximately 4.8 hectares (Figure 89). 

6.8.3 East Wind – Recirculation 

The depth-averaged temperature rise for a model cell (m=141, n=64) approximately in the middle of the CW 
forebay has been calculated from a simulation of the period 15 August 2011 to 1 September 2011.  
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In Table 16 the mean, 98 percentile and maximum temperature rise above ambient at the intake and the 
difference between the east wind and base case are listed. 

Table 16 Recirculation statistics – east wind case. 

Statistic Temperature rise 
above ambient (°C) 

Difference between east wind case 
and base case (°C) 

Average 0.44 -0.02 

98 percentile 0.70 -0.08 

Maximum 0.74 -0.10 

 

The average temperature rise above ambient at the intake for the eastern wind case is 0.44 °C (a reduction of 
0.02 °C compared to the no wind stress case). The 98 percentile and maximum rise were both slightly less than 
the no wind stress case (by 0.08 °C and 0.10 °C, respectively).     
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Figure 74 Surface temperature, 98 percentile – South wind case. 

 

Figure 75 Bed temperature, 98 percentile– South wind case. 
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Figure 76 Surface TRO concentration, 95 percentile – South wind case. 

 

Figure 77 Bed TRO concentration, 95 percentile – South wind case. 
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Figure 78 Surface temperature, 98 percentile – West wind case. 

 

Figure 79 Bed temperature, 98 percentile – West wind case. 
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Figure 80 Surface TRO concentration, 95 percentile – West wind case 

 

Figure 81 Bed TRO concentration, 95 percentile – West wind case. 
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Figure 82 Surface temperature, 98 percentile – North wind case. 

 

Figure 83 Bed temperature, 98 percentile – North wind case. 
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Figure 84 Surface TRO concentration, 95 percentile – North wind case. 

 

Figure 85 Bed TRO concentration, 95 percentile – North wind case. 
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Figure 86 Surface temperature, 98 percentile – East wind case. 

 

Figure 87 Bed temperature, 98 percentile – East wind case. 
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Figure 88 Surface TRO concentration, 95 percentile – East wind case. 

 

Figure 89 Bed TRO concentration, 95 percentile – East wind case.  
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6.9 Simulation with a variable wind 

6.9.1 Selection of Representative Wind Case 

Meteorology data for the period 2003 to 2012 from either RAF Valley or the Meteorological Office’s Numerical 
Weather Prediction (NWP) are being used across the Wylfa Newydd Project. The RAF Valley data are observed 
whereas the NWP data are modelled. The RAF Valley data set has been selected for use with the 
hydrodynamic modelling as it comprises observed data and because it is considered to be representative of the 
marine environment.  

The wind speed and direction both have a potential influence on the mixing of the CW plume. The wind speed 
will influence both the stress imposed on the water and the surface heat flux. The wind stress will influence the 
hydrodynamics while the surface heat flux can vary the temperature of the water and hence buoyant mixing. 
Within the plume the timescales are such that surface heat is unlikely to have a big influence on mixing 
processes (confirmed by the surface heat flux sensitivity studies). Wind direction has been found to influence 
the mixing of the CW plume as, for example, a wind from the south tends to move the plume offshore into areas 
with higher currents and hence greater mixing potential. Long-duration winds from any direction are relatively 
rare and hence a sensitivity study using a variable wind direction is necessary to complement the non-wind 
stress and fixed wind direction studies. 

In order that the variable wind sensitivity study is as representative as possible of the long-term conditions, the 
simulations were undertaken using a wind record that had a similar average wind speed to the long-term 
average. The proportion of wind as a function of direction was also compared to the long-term average.  

6.9.2 Long-term Average Wind Speed 

The long-term (1982 to 2014) average wind speed from the RAF Valley data is 6.02 m/s, for 2003 to 2012 it is 
6.0 m/s. The average from the NWP data (2003 to 2012) is 6.07 m/s. The average wind speed during the month 
of April 2008 was 6.06 m/s, close to the long-term average and hence it is a good candidate for use in exploring 
the influence of a variable wind on mixing. The April 2008 wind speed and direction for the RAF Valley data set 
are plotted in Figure 90 and Figure 91. The plots also include the NWP data for comparison.  

The RAF Valley and NWP wind speeds and directions are similar with no obvious bias between them at the 
plotted timescales. However, a comparison of the difference in wind strength over the full 10 year records does 
show that on average the NWP winds are weaker for winds with a southerly direction and somewhat stronger 
for winds from the north. This could be explained because a southerly wind at RAF Valley would be blowing off 
the sea whilst a southerly wind at Wylfa Head will have travelled over land with a commensurately higher 
friction. Conversely winds from the north or east at Valley have travelled overland while at Wylfa Head they are 
from the sea. The variation in individual differences in wind strength from a given direction is several times the 
average difference for that direction. The variation is approximately ±5 m/s whereas the average difference is ±2 
m/s from the south and around 1m/s from other directions. 

Given the dominant wind direction is from the southwest, the RAF Valley data set is a better representation of 
the conditions (wind speed, direction, air temperature cloud cover and relative humidity) for the marine 
environment. In addition to the average speed over the period being representative of the long-term average, it 
is important that the wind direction is also representative of the long-term. The frequency of direction over the 
long-term (2003 to 2014) and during the period used in the modelling (2003 to 2012) are plotted alongside the 
April 2008 data for RAF Valley (Figure 92). 
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Figure 90 Wind speed for April 2008 – RAF Valley (red) and NWP (blue). 
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Figure 91 Wind direction for April 2008 – RAF Valley (red) and NWP (blue). 
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Figure 92 Frequency of wind direction at RAF Valley long-term (1983-2014 blue), period used in marine modelling (2003-2012 red) and April 2008 (green). 



Marine hydrodynamic modelling report 

 

 

WN0902-JAC-PAC-REP-00056 80 

The frequencies of wind direction in 10° bands are plotted in Figure 92 above for the period 1983 to 2014, 2003-
2012 and April 2008. The long-term record shows twin peaks in the frequency of wind direction. The most 
common direction in the long-term record is 195 to 215°, with a frequency of around 6% of the time. There is a 
second peak at 65° with a frequency of 4%. The most infrequent wind direction in the long-term record is from 
the direction 100 to 150° (0.8%). The wind direction in April 2008 follows the long-term trend, except that the 
most common direction is 65° (9.7%). Wind frequencies over 90° sectors in 2003 to 2012 and April 2008 are 
detailed in Table 17. 

Table 17 Frequency (%) of wind direction 2003-2012 and April 2008. 

Sector 2003-2012 (%) April 2008 (%) 

North 18.5 16.5 

East 15.8 22.5 

South 36.3 33.3 

West 27.7 25.6 

 
The wind directions in the April 2008 are within 3% of the long-term for all but the eastern sector, which is 6.7% 
more frequent in April 2008 than in the long-term record.  

Previous studies have shown that the greatest influence on the mixing zone occurs for constant winds from the 
south and north, with southerly winds tending to push the plume out into the currents north of Wylfa Head where 
mixing is greater, while a wind from the north tends to push the plume back toward the shore.   

As the overall wind magnitude and the frequency of winds from the north and south are similar in April 2008 to 
the long-term, the use of April 2008 wind provides a good representation of typical conditions. 

6.9.3 Variable Wind Case – Temperature Rise 

The mixing zone implied by the extent of the 3 °C 98 percentile rise at the surface (Figure 93) has an 
approximate area of 49.8 hectares, while the 2 °C 98 percentile rise has an area of approximately 97.4 
hectares. The 1 °C 98 percentile rise at the surface has an approximate area of 288 hectares. 

The mixing zone implied by the extent of the 3 °C 98 percentile rise at the bed (Figure 94) is limited to an area 
around the proposed outfall and along the western edge of Wylfa Head, with an area of approximately 3.1 
hectares. The area of the 2 °C 98ile rise at the bed has an area of approximately 4.1 hectares while the 1 °C 
rise area is approximately 10.6 hectares.  

The size of the surface mixing zone is reduced compared to the no wind stress base case, while the size of the 
mixing zone at the bed is increased.   

6.9.4 Variable Wind Case – TRO 

The mixing zone implied by the extent of the 10 µg/l 95 percentile contour (Figure 95) has an approximate area 
of 129 hectares. 

The area of the bed with a TRO 95 percentile concentration greater than 10 µg/l is limited to the vicinity of the 
outfall and a strip along the western side of Wylfa Head with an area of approximately 5.7 hectares (Figure 96). 

6.9.5 Variable Wind Case – Full extent 

The wider extent of the plume above the background is shown in Figure 97 to Figure 100.  The extent of 
temperature increase above the background extends for a large area (approximately 60 km north west of the 
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intake/ outfall area). Unlike the summer base case, this extent also moves south around Anglesey. To the east, 
this increase extends up towards Llandudno. However, this increase is small, with maximum increases of 
0.2 °C. The same pattern can be seen for increase in TRO values; however, the extent is smaller 
(approximately 20 km to the north and east of Anglesey). Here the maximum increase is 2.5 µg/l.  

6.9.6 Variable Wind Case – Recirculation 

The depth-averaged temperature rise for a model cell (141,64) approximately in the middle of the CW forebay 
has been calculated from a simulation of the period 15 August 2011 to 1 September 2011.  

In Table 18 the mean, 98 percentile and maximum temperature rise above ambient at the intake for summer 
base case and variable wind are listed. 

Table 18 Recirculation statistics - Variable wind case. 

Statistic Variable Wind: 
Temperature rise 
above ambient (°C) 

Summer Base Case: 
Temperature rise 
above ambient (°C) 

Difference (°C) 

Average 0.41 0.46 –0.05 

98 percentile 0.69 0.78 –0.09 

Maximum 0.88 0.84 0.04 

The imposition of a variable wind reduces the average temperature rise by 0.05 °C at the CW intake and 
reduces the 98 percentile by 0.09 °C.  The maximum CW intake temperature is increased by 0.04 °C. 
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Figure 93 Surface temperature, 98 percentile – Variable wind case. 

 

Figure 94 Bed temperature, 98 percentile – Variable wind case. 
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Figure 95 Surface TRO concentration, 95 percentile – Variable wind case. 

 

Figure 96 Bed TRO concentration, 95 percentile – variable wind case. 
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Figure 97 Surface temperature, 98 percentile – Variable wind case, wide extent. 

 

Figure 98 Bed temperature, 98 percentile – Variable wind case, wide extent. 
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Figure 99 Surface TRO concentration, 95 percentile  – Variable wind case, wide extent. 

 

Figure 100 Bed TRO concentration, 95 percentile  – Variable wind case, wide extent. 
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6.10 Wave Sensitivity 

A simulation has been undertaken to examine the sensitivity of the predicted mixing zones to the inclusion of 
wave forcing in the model. Waves are known to have the potential to increase vertical mixing and bed shear 
stresses.   

The simulation made use of a calibrated wave model developed by AMEC/HR Wallingford for Horizon. The 
AMEC-Wallingford wave model was created using the SWAN wave model and was calibrated/validated using 
wave data recorded at four sites around Wylfa Head. The model has four nested grids of increasing resolution 
with the innermost grid of 20 m centred on the Wylfa site and covering Cemlyn and Cemaes Bays. The other 
grids are 50 m, 200 m and 500 m in size. The model is driven at the outer boundary using wave and wind data 
from the MetOffice’s WaveWatch 3 model. During calibration of the model the wave height and wind speeds 
were reduced by 10% from the original WaveWatch 3 data (Hawkes 2015).  

AMEC/Wallingford has provided the calibrated boundary data and model grids for use in other studies. In a 
second phase of wave modelling the refined wave model was modified to include the changes in bathymetry 
and structures associated with Wylfa Newydd. These include dredging in front of the proposed CW intake and 
construction of breakwaters and a MOLF; these simulations were completed during 2016. In 2017 Wallingford 
re-ran the stage 2, with Power Station, simulations to reflect changes to the breakwater and MOLF design. At 
this time a decision was taken to extend the innermost, 20m, grid to cover Cemlyn and Cemaes Bays. 

Horizon’s hydrodynamic model has been developed within Deltares’ Delft3d framework. The Delft3d modelling 
software allows the user to couple the hydrodynamic model to a wave model either in so-called offline or online 
mode. In the offline mode the wave models are run separately while in the online mode the two models are run 
together and the output of one can be used as conditions for another.  

As waves travel they change character under the influence of wind and local hydrodynamic conditions. In 
particular as waves near the shore their direction and height are modified by the local bathymetry. For this study 
the models were run in online mode with the wave model taking the predicted water level as an input condition. 
Use of predicted currents as input to the wave model resulted in localised numeric instabilities in a relatively 
shallow area with high currents.  

The AMEC/Wallingford model was a pure SWAN model that ran as a console application. It had to be adapted 
to conform to the Delft3d implementation of SWAN. For example the grids in the pure SWAN model are defined 
within the model input script but within the Delft3D framework are defined in the same way as the hydrodynamic 
grids. The AMEC/Wallingford model was used to define boundary conditions in the Delft3d Wave model for the 
desired wave condition. 

The SWAN model grid extents and location of the WatchWatch 3 boundary condition are shown in Figure 101.  
Hawkes (2015) provides information on the wave climate predicted at five points north of Wylfa Head. The 
location of the central of these (Point 3) is shown in the SWAN model grids in Figure 102.  The predicted wave 
roses at the model boundary and for Point 3 (Hawkes 2015) for 1980 to mid-2015 are shown in Figure 103 and 
Figure 104, respectively. 

The most common direction predicted at Point 3 was 225 to 255 degrees, with the most common wave height 
being 0.5 to 1.0 m. Waves from a northerly direction, which would have a direct path into Porth-y-pistyll and 
Cemlyn Bay, are relatively rare.  

In order to examine the sensitivity of the predicted mixing zone to the additional vertical mixing due to waves it is 
necessary to define a representative wave condition at the boundary. It is unrealistic to use an extreme wave 
condition for a relatively long-term simulation such as a spring-neap cycle, as extreme waves are by their nature 
relatively rare events; hence, a condition representative of the more common wave conditions around Wylfa 
Head was selected. The direction of the chosen wave was from the most common direction (southwest) with a 
wave height on the high side (around 1.5 m) of the most common heights (0.5 m to 1.0 m).  

The approach adopted was to identify the desired wave conditions at Point 3 from the wave modelling time 
series output and then use the associated boundary condition data in a coupled hydrodynamic and wave 
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simulation.  The conditions that occurred at 03:00 on 7 March 2014 were selected for use in the modelling (see 
Table 19).  

 

Table 19 Wave conditions used in coupled model simulations. 

Condition Date Time Hsig Period (s) Direction 

Typical – High 7/3/2014 03:00 1.48 3.45 239.4 

 

The summer base case was used as the basis of the sensitivity study with the wave model coupled to the flow 
model. The wave model was called upon on an hourly basis. The coupling made use of the water depth and 
current in the flow model as input to the wave simulation. The boundary conditions of the wave model were set 
up to achieve the conditions listed in Table 19 at Point 3 (the location of which is shown in Figure 102).  

6.10.1 Summer Base Case with Waves: Temperature Rise  

A spring-neap simulation of the CW discharge has been carried out using a wave condition representative of a 
high typical wave. The hydrodynamic model was setup as per the summer base case. The models were 
coupled with the wave model being called upon every hour.  The temperature rise at the surface and bed are 
plotted in Figure 105 and Figure 106. 

The 2 ˚C temperature rise mixing zone at the surface has an area of approximately 150 hectares, which is 
smaller than the equivalent without waves included (227 hectares). The approximate area of the 2 ˚C 
temperature rise mixing zone at the bed is 4.0 hectares which is 0.5 hectares larger than the equivalent without 
waves (3.5 hectares). 

The 3 ˚C temperature rise mixing zone at the surface has an area of approximately 63 hectares compared to 
88.7 hectares without waves. The 1 ˚C temperature rise mixing zone at the surface has an area of 
approximately 300 hectares compared to 741 hectares without waves.   

The 3 ˚C temperature rise mixing zone at the bed has an area of approximately 2.9 hectares compared to 2.7 
hectares without waves. The 1 ˚C temperature rise mixing zone at the bed has an area of approximately 5.5 
hectares compared to 6.6  hectares without waves.   

6.10.2 Summer Base Case with Waves: TRO 

The TRO 95 percentile mixing contour at the surface and bed with waves are plotted as Figure 107 and Figure 
108. 

The area of the TRO 95 percentile mixing zone  defined by the 10 µg/l contour at the surface is 188 hectares 
which is less than the equivalent case without waves included (313 hectares). 

The area of the TRO mixing zone defined by the 10 µg/l contour at the bed is 6.2 hectares which is larger than 
the equivalent case without waves included (4.8 hectares). 
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Figure 101 SWAN model grid extents (overall 500m and nested 200 m, 50 m and 20 m grids) (Hawkes 2015). 

 

 

Figure 102 Monitoring Point 3 with the latest 20m grid, 50m grid and part of the 200m grid. 
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Figure 103 Wave rose at model boundary. 
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Figure 104 Wave rose – Point 3 (Hawkes 2015). 

 

Figure 105 Surface temperature, 98 percentile  – Summer base case with typical wave condition. 
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Figure 106 Bed temperature, 98 percentile  – Summer base case with typical wave condition. 

 

 

Figure 107 Surface TRO concentration, 95 percentile  – Summer base case with typical wave condition. 
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Figure 108 Bed TRO concentration, 95 percentile   – Summer base case with typical wave condition. 

 

6.11 Summary of the Wind and Wave Sensitivity Simulations 

Model simulations have been completed with and without wind stress influencing the hydrodynamics. A 
comparison of the results provides a measure of the sensitivity of the predicted mixing zones to the inclusion of 
wind.  The area of the 2 °C temperature rise and the 10 µg/l (0.01 mg/l) TRO mixing zone for the variable wind 
and summer base cases are detailed in Table 20. The tidal and surface heat flux conditions are the same for 
both simulations.  

Table 20 Area of mixing zone: temperature and TRO for summer base case with variable wind and constant wind cases. 

Metric Mixing Zone Area (Hectares) 

Summer 
Base Case 

Variable 
Wind case 

Summer 
South 
Wind 

Summer 
North Wind 

Summer 
West Wind 

Summer 
East Wind 

No Wind  

Typical 
wave 

2°C Rise 
Surface 

227 97.4 47.8 225 97.8 154 150 

2°C Rise Bed 3.5 4.1 3.7 0.7 4.2 3.7 4.0 

0.01 mg/l TRO 
Surface 

313 129 80.0 239 139 213 188 

0.01 mg/l TRO 
Bed 

4.8 5.7 4.8 7.6 6.6 5.0 6.2 
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The inclusion of a wind with a constant direction from either of the north, south, east or west reduced the 
predicted extent of the surface mixing zones as defined in Table 20.  This reduction in the area of the surface 
mixing zone is generally associated with a small increase at the bed, resulting from the effect of wind stress on 
downward mixing of the buoyant plume.  

Despite the general reduction noted above, the mixing zone defined by the 3 ˚C temperature rise for winds from 
the north was found to increase compared to the summer base case.  This is due to the winds constraining the 
plume more onshore, allowing temperatures close to the outfall to rise.  

The imposition of a wind with variable direction (with an average magnitude equivalent to the long-term 
average) reduces the size of the surface mixing zones and increases the size of the mixing zone at the bed 
compared to the summer base case (no wind). The size of the mixing zone at the bed remains relatively small 
with the variable wind case. 

The greatest difference is observed in the extent of the TRO mixing zone where the area at the surface is 
reduced from 313 to 129 hectares. The extent of the mixing zone at the bed shows an increase from 4.8 to 5.7 
hectares with the variable wind case compared to the summer base case.  

The variable wind mixing zones have an area between those of the no wind base case and the constant 
southern wind case. The variable wind case mixing zones are smaller than those for the constant north or east 
wind cases and are similar in size to the mixing zones from the west wind case.  

The addition of a wave representative of the high end of typical conditions results in a reduced mixing zone at 
the surface and an increased mixing zone at the bed. The reduction in the surface mixing zone is less than that 
associated with a variable wind condition and similar to that for a constant wind from the north or west. The 
increase in the TRO mixing zone at the bed is less than the change found with a constant wind from the north. 
The 2 ˚C temperature rise mixing zone at the bed is similar to the base case and wind sensitivity studies. 

Overall the conclusion is that the no wind base case is conservative, and that the inclusion of wind and waves 
reduces the size of the mixing zones at the surface, and that while the bed mixing zone increased for some 
sensitivity studies, the changes were small.  

 

6.12 Simulation with a Tidally Varying CW Condition 

The main CW discharge simulations have used a fixed discharge condition of 126 m3/s and a temperature rise 
of 12 °C. Practical pumping systems may not deliver a constant flow, and the flow delivered by a fixed speed 
pump will vary with the head it provides. The head will vary at a coastal site as the delivery level will usually be 
fixed but the intake level will vary with the tide. While the flow will vary with tidal conditions the heat to be 
rejected in the plant condensers will be constant (as will the heat flux to the sea) and therefore the temperature 
between intake and outfall will also vary. With higher intake water levels the flow will increase and the 
temperature rise decrease with the opposite occurring as the intake water level falls.  

A model run has been undertaken to simulate a tidally varying CW flow. The model included a representation of 
the proposed breakwater and intake systems. The CW discharge was introduced into the model over eight cells 
in-order to represent the near field mixing. The ambient seawater temperature was representative of the 
summer, i.e.14.6 °C.  

The model was run in excess temperature mode with a wind speed of 5.6 m/s which is the mean measured at 
RAF Valley from the western sector. The wind drag was set to zero and therefore wind stress did not influence 
the hydrodynamics. The surface heat flux was 21.7 W/m2/K, representative of the average for the summer 
season. The TRO decay rate was set to 10.08 per day. 
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The CW conditions were set to vary over time depending on the water level at the inlet. The CW flow and 
temperature rise have been defined at the Lowest Astronomic Tide (LAT) and the flow at Highest Astronomic 
Tide (HAT) (Table 21). Flow conditions at intermediate water levels were calculated by assuming a constant 
heat rejection at the condenser and a linear variation of flow with water level.  

Table 21 CW flow and temperature rise for LAT and HAT. 

Condition Water Level (m OD) Flow (m3/s) Temperature Rise (°C) 

HAT 3.90 130 10.4 

LAT -3.60 113 12.0 

 
For both the model spin up and main model runs, the intake water level predicted in the summer base case was 
used to calculate a CW flow and temperature rise every hour assuming a linear variation between the conditions 
listed in Table 21. 

6.12.1 Tidally Varying CW – Temperature Rise 

The mixing zone implied by the extent of the 3 °C 98 percentile rise at the surface (Figure 109) has an 
approximate area of 73.3 hectares. The 2 °C 98 percentile rise at the surface has an approximate area of 178 
hectares, while the 1 °C 98 percentile rise has an area of approximately 666 hectares.  Compared to the 
summer base case, the variable CW flow 2°C 98 percentile mixing zone is 21% smaller at the surface.   

The mixing zone at the bed implied by the extent of the 3 °C 98 percentile rise area (Figure 110) is 
approximately 2.7 hectares and is limited to an area around the proposed outfall and along the western edge of 
Wylfa Head. The areas of the 2 °C and 1 °C 98ile rises at the bed are approximately 3.6 hectares and 6.2 
hectares respectively.  The size of the 2 °C mixing zone is similar to that for the summer base case (which was 
3.5 hectares). 

6.12.2 Tidally Varying CW – TRO  

The mixing zone implied by the extent of the 10 µg/l 95 percentile contour (Figure 111) has an approximate area 
of 284 hectares.  The variable CW flow mixing zone at the surface is 9% smaller than that of the summer base 
case. 

The area of the bed with a TRO 95 percentile concentration greater than 10 µg/l is limited to the vicinity of the 
outfall and a strip along the western side of Wylfa Head with an area of approximately 5.2 hectares (Figure 112).  
The variable CW flow mixing zone is 8% larger than that of the summer base case. 

6.12.3 Tidally Varying CW – Recirculation  

The depth-averaged temperature rise for a model cell (141,64) approximately in the middle of the CW forebay 
has been calculated from a simulation of the period 15 August 2011  to 1 September 2011.  

In Table 22 the mean, 98 percentile and maximum temperature rise above ambient at the intake are listed. 

Table 22 Recirculation statistics – Tidally varying CW. 

Statistic Temperature rise 
above ambient (°C) 

Average 0.42 

98 percentile 0.70 
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Maximum 0.76 

Compared to the equivalent fixed CW condition case, recirculation is reduced using a variable CW condition.  

6.12.4 Summary of the Variable CW Condition Simulations 

The variable CW condition simulation resulted in a reduced extent of the 2°C mixing zone at the surface and a 
small increase in extent at the bed. For the TRO mixing zone, a similar pattern is observed, with a reduction in 
area at the surface of 28.3 hectares, and increase at the bed of 0.37 hectares.  

The TRO mixing zone area is similar to that of the summer base case. This might be expected because the 
TRO is simulated as a constant concentration unlike the temperature rise that varies with the flow rate. The 
average flow in the simulation is 121m3/s which is only slightly (4%) lower than the 126m3/s in the summer base 
case. 

Overall it can be concluded that the use of a constant CW condition in the modelling is a conservative 
assumption. 
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Figure 109 Surface temperature, 98 percentile – Tidally varying CW condition. 

 

Figure 110 Bed temperature, 98 percentile –Tidally varying CW condition. 
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Figure 111 Surface TRO concentration, 95 percentile – Tidally varying CW condition. 

 

Figure 112 Bed TRO concentration, 95 percentile – Tidally varying CW condition.  
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6.13 Dilution Studies 

Some model runs have been completed using a conservative tracer in addition to the temperature and TRO 
discharge. Conservative tracer runs allow the model to be used to predict dilution of the discharge, the output of 
which can be used in other studies such as the H1 screening.  

The simulations of the summer season, including the sensitivity studies, were set up with a discharge of a 
conservative tracer. The tracer was discharged at a concentration of 100 units and was included in model spin 
up runs so that the predicted concentrations simulate the dilution with long-term operation of the CW discharge. 
Running the model with the tracer alongside temperature means that the model includes the influence of 
buoyancy on the mixing of the tracer.  

The model run statistics were generated for the same period as the summer seasonal cases and therefore 
cover a full spring neap cycle.  

6.13.1 Average Dilution 

The average dilution (calculated by dividing the discharge concentration by the long-term mean concentration of 
the conservative tracer) at the surface and bed are plotted in Figure 113 and Figure 114 respectively. 

The lowest mean surface dilution of 1.05 occurs close to the outfall. At 100 m from the outfall the mean dilution 
increases to 1.2. Further offshore at a distance of 500 m from the outfall, the mean dilution is 4.9. 

Comparatively, at the bed the lowest mean dilution is 1.7 (again occurring close to the outfall).  At 100 m from 
the outfall the mean dilution increases to 5.1, while further offshore at a distance of 500 m from the outfall, the 
mean dilution is 50. 

6.13.2 Minimum Dilution 

The minimum dilution (calculated by dividing the discharge concentration by the long-term maximum 
concentration of the conservative tracer) at the surface and bed over the summer spring neap cycle are plotted 
in Figure 115 and Figure 116 respectively. 

The minimum dilution at the surface is 0.96 (i.e. the maximum concentration at the surface is greater than the 
concentration of tracer added to the discharge); this can result from recirculation (as the tracer discharge is 
modelled as an increment above the intake concentration) and/or stratification of the plume.   

At 100 m from the outfall the minimum dilution is 1.02. Further offshore at a distance of 500 m from the outfall, 
the minimum dilution is 2.08. 

The minimum dilution at the bed is 1.7, occurring at the outfall.  At 100 m from the outfall the minimum dilution is 
2.5 and at 500 m from the outfall this increases almost tenfold to 24.4. 
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Figure 113 Average dilution: surface. 

 

Figure 114 Average dilution: bed. 
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Figure 115 Minimum dilution: surface. 

 

Figure 116 Minimum dilution: bed. 
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6.13.3 Summary of Dilution 

Table 23 summarises the predicted dilution at distances of 100 m and 500 m from the outfall. 

Table 23 Predicted dilutions at 100 m and 500 m from the outfall. 

Location Distance from the outfall 

100 m 500 m 

Surface Mean 1.3 8.0 

Surface Minimum 1.1 2.1 

Bed Mean 5.1 35 

Bed Minimum 2.9 22 

The mean and minimum dilution is greater at the bed than at the surface because of the buoyancy of the CW 
plume. Within 100 m of the outfall there is little dilution at the surface (average of 1.3 and minimum of 1.1), 
whilst at the bed the dilution is approximately four times greater than at the surface (average dilution at the bed 
at 100 m from the outfall is 5.1 and the minimum is 2.9). The buoyancy of the discharge still has an influence on 
dilution at a distance of 500 m from the outfall, where the mean and average dilution at the surface are around 
five times less than the equivalent statistic at the bed. The average of the dilution at the surface and bed is 
detailed in Table 24. 

Table 24 Average of surface and bed dilutions at 100 m and 500 m from the outfall. 

Location 100 m 500 m 

Mean 3.2 21.5 

Minimum 2.0 12.05 

 

6.14 Further sensitivity studies 

Model simulations were carried out to validate the outputs for a number of design change parameters. The 
purpose of the runs was to ensure that the existing model outputs were reflecting a worst case scenario and 
could be assessed as such. 

The design changes considered were an increased intake length (174m as opposed to 100m), an increased 
intake channel dredge depth of  1m from -10m to -11m AOD and a MOLF with a continuous quay wall (as 
opposed to two loading berths with a revetment design between them). 

An additional sensitivity scenario was completed with a 20m east/west shift in the western breakwater. The 
output of this run showed the surface temperature and TRO plumes to increase up to 10%, and as such was 
rejected. 

Outputs for surface temperature and TRO are presented in  
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Figure 117 and Figure 118, respectively, to allow comparision between summer base case and the sensitivity 
scenario reflecting the three proposed design changes. 

6.14.1 Extent of the temperature mixing zone 

 

Figure 117 shows that in comparisons between the original and design change summer base case scenarios, the 
surface temperature plots are very similar, particularly in terms of the overall 3 ºC 98 percentile rise at the 
surface. A slight difference is evident in the extent of encroachment of the 2-3 ºC contour into the area behind 
the western breakwater which is slightly increased (to a distance of up to 75m) in the design change scenario 
compared to the original summer base case. There are also several small extensions / retractions of the 2-3 ºC 
contour border in the order of 25 to 50m at discrete points along the southern boundary as it crosses Cemaes 
Bay.  

The changes in the 98 percentile temperature rise statistics at the surface are summarised in Table 25. The 
outputs show relatively small changes to the overall temperature contour areas. The changes at the bed, 
although not plotted, are summarised in Table 26, and again indicate minor reductions in the contour areas. 

Table 25 : Sea surface temperature rise summary statistics- original and design change sensitivity summer base cases. 

Surface temperature rise 
(98%ile) 

Original summer base 
case area (ha) 

Design sensitivity change 
area (ha) 

1°C 741 720 

2°C  227 222 

3°C  89 86 

Table 26 : Sea bed temperature rise summary statistics- original and design change sensitivity summer base cases. 

Bed temperature rise 
(98%ile) 

Original summer base 
case area (ha) 

Design sensitivity change 
area (ha) 

1°C 6.6 6.3 

2°C  3.5 3.3 

3°C  2.7 2.6 
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Figure 117 : Surface temperature increase- with summer base case (top) and design change sensitivity scenario (bottom). 
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6.14.2 Extent of TRO mixing zone 

Figure 118 shows that the overall footprint of both the original and design change summer base case scenarios 
for surface TRO are very similar. There is a slight change to the shape of the 0.02-0.05 mg/l contour border, in 
the form of a narrow prominence extending towards the western coastline adjacent to the Power Station in the 
order 75m, but the overall extents of the TRO plots are comparable. Table 27 provides a summary of the 
original summer base case and the design change case. The results for the design change case indicate very 
little change in the area of the 0.01mg/l surface TRO contour. Although not plotted, the changes at the bed are 
summarised in Table 28, and again show minor reductions in the contour areas. 

Table 27 : Sea surface TRO 95%ile summary statistics- original and design change sensitivity summer base cases. 

Surface TRO (98%ile) Original summer base 
case area (ha) 

Design sensitivity change 
area (ha) 

0.01 mg/l 313 307 

Table 28 : Sea bed TRO 95%ile summary statistics- original and design change sensitivity summer base cases. 

Bed TRO (98%ile) Original summer base 
case area (ha) 

Design sensitivity change 
area (ha) 

0.01 mg/l 4.8 4.7 

 

 

 

 

 



Marine hydrodynamic modelling report 

 

 

WN0902-JAC-PAC-REP-00056 105 

 

 

Figure 118 : Surface TRO increase plots with summer base case (top) and intake sensitivity scenario (bottom). 
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7. Annual Temperature Rise and TRO Statistics 
7.1 Statistical Model of Seawater Temperature 

Horizon has used a long-term (ten year) record of monthly average water temperature around Wylfa Head 
combined with temperature data sampled at ten-minute intervals to develop a statistical model of seawater 
temperature (Horizon, 2012e). The higher frequency data were measured at a number of moorings which were 
deployed over a full year.  

The ambient temperature varies over a range of timescales from tidal to annual. The seasonal variation is 
approximately 8 °C. This is greater than the tidal variation which is at most 0.5 ˚C. The temperature was 
correlated with the tidal state, the relationship varying over the year. 

In January the tidal range of temperature was between 0.2 °C to 0.5 °C with a peak approximately an hour 
before High Water (HW) and a minimum around Low Water (LW). In May the tidal range was up to 0.4 °C with 
peaks around HW and minimum temperature around LW. In July there was a tidal range of about 0.4 °C, with 
the minimum occurring an hour or so before LW. Maximum temperatures occurred either side of HW with local 
minima at HW, the local minimum being higher than the overall tidal minimum which occurred an hour before 
LW. 

7.2 Hydrodynamic Modelling 

The factors influencing the mixing of the CW discharge are tidally driven flows and surface heat losses for 
temperature and TRO decay rates for the biocide. The temperature modelling has been undertaken using the 
so-called excess temperature approach where the model is set up to predict the excess temperature above 
ambient due to the discharge rather than the actual temperature. The surface heat loss varies with meteorology 
and the ambient water temperatures, and hence exchange rates will vary between seasons. TRO decay rates 
also vary with the seasonal differences in water temperature and quality.  

A range of model runs have been undertaken to both explore the sensivity of the predicted temperature rise and 
TRO fields resulting from long term operation of the Wylfa Newydd CW system and generate predicted changes 
for direct use in case making.  

Where actual temperatures and TRO on an annual basis are required these have been computed by combining 
a statistical model of ambient water temperature with a prediction of the temperature rise over a year. To obtain 
the prediction of the rise over the course of the year simulations using seasonally appropriate surface heat loss 
rates have been combined to provide maps showing the 98 percentile annual increase in water temperature.  
These maps can be used directly to predict the size of the annual temperature rise mixing zone. Each of the 
seasonal simulations were run for long enough to allow the thermal and TRO fields to fully develop and used 
the average surface heat loss and TRO decay rate for the season. The seasonal simulations were run without 
the influence of wind stress on the water surface and with a fixed CW discharge rate and temperature rise.  

The simulations used to explore the sensitivity of the predicted temperature & TRO fields to surface heat loss, 
wind stress, wave action, representation of the CW plume near field and CW pump characteristics were 
undertaken using one of the model set ups of the four seasons used in the annual case. The base case used for 
the sensitivity studies was the summer season- the summer being choosen because the surface heat loss 
coefficient is the same as the average for the year.  

The sensitivity studies have shown that the base case is generally conservative (as regards the influence of 
wind, waves and CW flux) and fairly insensitive to the assumptions on surface heat flux and source 
representation.  

As noted previously, the modelling has simulated a representative tidal variation for surface heat loss and TRO 
decay rates appropriate for the four main seasons. The relevant quality standards are expressed as annual 
statistics and therefore a method is required to combine the output of the individual seasonal simulations to 
represent the variation over a full year.    
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The seasonal simulations predicted temperature and TRO concentrations at each cell at an hourly resolution for 
a representative spring-neap cycle.The use of spring-neap cycle (approximately 14 days) captured the influence 
on mixing of the discharge due to variation in tidal flow.  The ambient water temperature was set to a 
representative value for each season while the ambient TRO concentration was set to zero. For each simulation 
adequate time was allowed prior to storing model output for the hydrodynamics to settle and for TRO and 
temperature to reflect long-term operation of the Power Station CW discharge.  

The annual statistics of TRO and temperature rise were calculated by combining within the Delft3d modelling 
environment the four seasonal results files (the temperature files were converted to rise above ambient before 
concatenation). The surface and bed temperature and TRO were then exported to MATLAB format and 
statistics calculated using the same MATLAB scripts as the seasonal simulations. 

See Section 8.1. for further information on the method. 

7.2.1 Annual Case: Temperature Rise 

The annual 98 percentile temperature rise at the surface and bed are plotted as Figure 119 and Figure 120 
respectively. 

The mixing zone implied by the extent of the 3 °C 98 percentile rise at the surface has an approximate area of 
88.1 hectares. The 2 °C 98 percentile rise at the surface has an approximate area of 209 hectares, while the 1 
°C 98 percentile rise has an area of approximately 692 hectares. The mixing zones for the annual case are 
similar in extent to those for the summer base case. 

The mixing zone at the bed implied by the extent of the 3 °C 98 percentile rise area is approximately 3.3 
hectares and is limited to an area around the proposed outfall and along the western edge of Wylfa Head. The 
area of the 2 °C and 1 °C 98ile rise at the bed is approximately 4.2 hectares and 7.6 hectares respectively. 

7.2.2 Annual Case: TRO 

The annual 95 percentile TRO concentration at the surface and bed are plotted as Figure 121 and Figure 122 
respectively. The mixing zone implied by the extent of the 10 µg/l 95 percentile contour has an approximate 
area of 248 hectares. The area is 80% of the equivalent for the summer base case (313 hectares). 

The area of the bed with a TRO 95 percentile concentration greater than 10 µg/l is limited to the vicinity of the 
outfall and a strip along the western side of Wylfa Head with an area of approximately 5.6 hectares. 

7.2.3 Annual Case – Full extent 

The wider extent of the plume above the background is shown in Figure 123 to Figure 126. The extent of 
temperature increase above the background is very similar to that of the summer base case, and extends for a 
large area (approximately 60 km), predominantly to the north west of the intake/outfall area. However, this 
increase is small, with maximum increases of 0.2 °C. The same pattern can be seen for increase in TRO 
values; however, the extent is smaller (approximately 20 km). Here the maximum increase is 2.5 µg/l.  

7.2.4 Annual Simulation: Summary 

The annual 2 °C temperature rise mixing zone is 92% of that for the summer base case. The area of the TRO 
mixing zone is also smaller than the summer base case. The reduction in the TRO surface mixing zone is 
greater (80% of the base case) than the reduction in temperature rise. The areas of the annual mixing zones at 
the bed are similar to the summer base case. 

The similarity in the annual temperature rise mixing zone and summer simulation mixing zones is probably as a 
result of the average flux over the four seasons being 21.7 W/m2/K, which is the same as the summer flux.  The 
difference between the size of the 10 µg/l 95 percentile TRO mixing zone reflects the influence of the seasonal 
variation in TRO decay rates. 
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Figure 119 Annual 98 percentile temperature rise at the surface. 

 

Figure 120 Annual 98 percentile temperature rise at the bed. 
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Figure 121 Annual 95 percentile TRO concentration at the surface. 

 

Figure 122 Annual 95 percentile TRO concentration at the bed. 
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Figure 123 Surface temperature, 98 percentile - Annual case, wide extent. 

 

Figure 124 Bed temperature, 98 percentile - Annual case, wide extent. 
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Figure 125 Surface TRO concentration, 95 percentile - Annual case, wide extent. 

 

Figure 126 Bed TRO concentration, 95 percentile – Annual case, wide extent. 



Marine hydrodynamic modelling report 

 

 

WN0902-JAC-PAC-REP-00056 112 

8. Total Temperature (ambient plus station operation) 
8.1 Combining the Modelled Temperature Rise with the Statistical Model 

See Section 7 for further information on the base case modelling assumptions. 

Before combining the ambient temperature data and temperature rise model output, it is necessary to consider 
what correlations if any are likely to exist between the two data sets.  

Although there is a correlation between the temperature rise and tide for the modelled temperature rise, this 
correlation will vary with location. For example, at a site east of Wylfa Head the CW plume will be advected past 
on the flood tide whereas for a site to the west of the outfall it is more likely to experience the plume on the ebb 
tide. The ambient temperature also shows a correlation with the state of the tide. Maximum temperatures at the 
offshore site tended to show a maximum around high water with a minimum around low water. The exact timing 
of the maximum and minimum varied over the year.  

When the total temperature is calculated the annual base case simulation is used.  

To combine the ambient temperature and predicted increase it is convenient to ignore any correlation between 
the ambient temperature and temperature rise and assume the data sets are independent. This assumption can 
be justified given the tidal variation in ambient temperature is relatively small compared to the increase above 
ambient necessary to exceed 23 °C.  

For example the 98 percentile ambient from the statistical model is 16.44 °C. For the water to exceed 23 °C as 
a 98 percentile implies a constant rise of 6.56 °C (23 °C – 16.44 °C). This temperature rise is large compared to 
the tidal variation in temperature at the offshore site, which was at most around 0.5 °C.   

Maps showing the predicted 98 percentile water temperature with the long-term operation of the CW discharge 
have been produced by combining the ambient 98 percentile with the maximum rise from the CW discharge 
over the year. The combination of an annual 98 percentile and the maximum rise results in a conservative 
estimate of the area of a given temperature 98 percentile with the Power Station in operation. 

8.1.1 Predicted Annual Temperatures 

The predicted annual 98 percentile temperature at the surface and bed are plotted in Figure 127 and Figure 128 
respectively. The 98 percentile mixing zones with a temperature greater than 23 °C is approximately 14.6 
hectares respectively. The area of the 23 °C 98 percentile mixing zones at the bed are limited to the immediate 
vicinity of the outfall in Porth Wnal. Close to the outfall it is likely that the design of the outfall structure will 
influence the mixing of the discharge and hence the size of the temperature mixing zone. 
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Figure 127 98 percentile ambient water temperature with maximum temperature rise: surface. 

 

Figure 128 98 percentile ambient water temperature with maximum temperature rise: bed. 
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9. Indirect Influence of the Thermal Discharge on Water 
Quality 

In addition to the direct influence of the CW discharge on water quality, the temperature increase associated 
with the discharge has the potential to indirectly influence the solubility of oxygen and also the ratio of ionised to 
unionised ammonia.  

9.1 Influence of Temperature on Dissolved Oxygen  

The solubility of gases including oxygen in water varies with temperature. As the temperature increases the 
solubility decreases. Depending on the initial dissolved oxygen (DO) concentration and the temperature 
increase, there is therefore potential for a reduction in DO with increased water temperatures.  Temperature is 
one factor influencing DO concentrations, but other factors include the organic loads from agricultural runoff and 
sewage treatment works.  

9.1.1 Dissolved Oxygen Standards 

For classification under the Water Framework Directive (WFD), the UKTAG has recommended the UKTAG 
(2008) values as detailed in Table 29. 

Table 29 UKTAG (2008) DO Classifications. 

Classification Freshwater (mg/l 
95 percentile) 

Seawater 
(salinity=35) (mg/l 95 
percentile) 

High 7 5.7 

Good 5 to 7 4 to 5.7 

Moderate 3 to 5 2.4 to 4 

Poor 2 to 3 1.6 to 2.4 

Bad 2 1.6 

Note: UKTAG (2008) provides a figure for interpolation to intermediate salinities. 

9.1.2 Measured Dissolved Oxygen in the Waters off Anglesey 

DO concentrations and the percent saturation were measured at two long-term mooring buoys (2010 to 2011). 
The % saturation recorded is plotted in Figure 129.  

The average percent saturation for the two moorings was 99.4% (S9) and 94.8% (S2- the further offshore of the 
two moorings). The average DO concentration at mooring S9 was 9.6mg/l with a 95 percentile of 8.8mg/l. 

The observed DO concentration would be therefore be associated with a High Status water body using the 
UKTAG classification.  

9.2 Temperature Change and Implied Change in Saturation Concentration  

Modelling has been undertaken to predict the temperature increase due to the thermal discharge from Wylfa 
Newydd. If it is assumed that the water is saturated the modelled temperature rise can be used to predict the 
DO concentration at that temperature.  In this way the potential for change as a result of the increased water 
temperature from the operation of the CW discharge can be investigated. 
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The DO saturation concentration as a function of temperature and salinity has been calculated using a formula 
due to Benson and Krause (1984) cited in HELCOM (2017)6.  Assuming a constant salinity of 33.6 (which was 
the average measured at mooring S9) and a temperature equal to the 95 percentile ambient (16.04 °C) plus the 
maximum predicted temperature rise (Figure 130).  

The minimum predicted DO concentration assuming average salinity and the maximum temperature rise is 
greater than the WQTAG High Status boundary value of 5.7 mg/l (WQTAG 2006) The minimum saturated DO 
concentration occurs in the vicinity of the outfall where the temperature increase is greatest. The operation of 
the CW discharge would not change the classification of the water off Anglesey on the basis of DO. 

9.3 Influence of Temperature and pH on the Ratio of Ionised to Unionised 
Ammonia 

Ammonia in water can exist in either an ionised or an un-ionised form. The un-ionised form is typically more 
toxic to aquatic life. The ratio of ionised to un-ionised ammonia varies with temperature and pH, with an 
increase in un-ionised ammonia as the temperature increases.  The temperature increase from the operation of 
the CW discharge could alter the ratio.  

While UKTAG (2007) proposed new Predicted No-Effect Concentration  limits for un-ionised ammonia in UK 
waters which are lower than the WFD EQS, these were not adopted in the WFD Directions in 20157. The 
relevant EQS used for un-ionised ammonia is therefore 0.021 mg/l as an annual average. 

NRW water quality data collected between 2007 and 2009 in Holyhead Bay and near Turkey Shore, Holyhead 
reported an average filtered ammonia concentration of 0.0118 mg/l as N. No measurements for unfiltered or 
unionised ammonia were recorded in the dataset. 

Water quality surveys conducted as part of the baseline programme measured a number of parameters 
between 2010 and 2016. Initially measurements were taken on both flood and ebb stages of the tide at a 
number of different locations in the waters around Wylfa Head. During the programme, the number of sites and 
samples were rationalised in response to the data, for example, when the data showed that the values on the 
flood and ebb tides were identical. 

The average of the monthly average ammonia concentration was 0.0293 mg/l as N and for un-ionised ammonia 
it was 0.00058 mg/l N. The results for unionised ammonia were consistent with a High Status classification 
under WFD. The average concentrations of ammonia and unionised ammonia show that approximately 2% of 
the ammonia was in the unionised form. 

The average of the filtered ammonia was 0.037 mg/l N, although the majority of values were actually <0.02 mg/l 
N. Therefore the NRW and baseline filtered ammonia values are reasonably consistent and show low 
concentrations of ammonia in the seawater. 

The observed unionised ammonia ratio is similar to that calculated using the USEPA (1989) formulae8 . The 
same formula has been used to calculate the unionised ammonia concentration for a range of temperature 
increases up to the maximum temperature rise over the CWS (Table 30). 

Under all of the potential temperature conditions listed in Table 30, the unionised ammonia remains well below 
the classification standard of 0.021 mg/l. Therefore the proposed thermal discharge will not result in an increase 
in unionised ammonia that would change the classification of the local water body. 

 

                                                     
 

 
7 The Water Framework Directive (Standards and Classification) Directions (England and Wales) 2015 
8 http://www.waterboards.ca.gov/waterrights/water_issues/programs/bay_delta/docs/cmnt081712/srcsd/engleatt2.pdf 
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Table 30 Unionised Ammonia Concentration as a function of temperature. 

Condition T (°C) T (K) pH Salinity Ratio- Unionised/ 
Total Ammonia 

Unionised 
Concentrationmg/l) 

Average ambient 11.78 284.93 8.07 34.3 0.020 0.00060 

Average + 12°C 23.78 296.93 8.07 34.3 0.048 0.00142 

Max Ambient 16 289.15 8.07 34.3 0.028 0.00081 

Max Ambient + 
12°C 

28 301.15 8.07 34.3 0.065 0.00191 
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Figure 129 DO % saturation (2010-2011).
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Figure 130 95 percentile DO concentration (mg/l): ambient plus maximum rise.
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10. Chlorinated By-products 
The dosing of chlorine-based biocides is known to give rise to a range of persistent Chlorination By-Products 
(CBPs). When dosing seawater with chlorine, it reacts with the bromide ion in seawater to form bromine. In 
coastal waters the subsequent reactions are bromine-based unless there is significant ammonia present 
(BEEMS 2011a).  

While the oxidising constituents decay due to reactions with organic constituents of the seawater, some 
persistent reaction products are formed and it is these that are grouped under the term chlorination by-products 
(CBP). An extensive overview of the chemical reactions, toxicology and field data for CBPs in European waters 
was carried out in BEEMS 2011a. 

10.1 Environmental Standards for Chlorination By-Products 
In the BEEMS (2011a) review of chlorination by-products it is noted that there is no published European quality 
standard for the commonly encountered CBPs. The only relevant statutory environmental quality standard 
(EQS) was that for chloroform for which an EQS of 2.5 μg l–1 (2500 ng/l) expressed as an annual average 
applied. In the Netherlands an interim bromoform standard is applied in the Rotterdam area of 16 μg l–1 
expressed as a 24-hr average over the full water column at 1,000 m from a discharge (BEEMS 2011a). 

Taylor (2006) cited in EDF (2011) suggested a Predicted No -Effect Concentration  value of 5 μg l–1  
(500,000 ng/l) for bromoform which was used in the consenting of Hinkley C. This value has been adopted for 
the present study of Wylfa Newydd CBPs.  

10.2 Chlorination By-Product data for Wylfa 
Jacobs has undertaken an extensive water quality survey on behalf of Horizon. The survey included 
measurements of CBPs in the seawater around Wylfa during a period (2012 to 2013) when the Existing Power 
Station was generating electricity. The Existing Power Station, which used chlorination as a biocide, had two 
reactors; one ceased operation in April 2012 while the second continued operation until December 2015. Hence 
during the baseline water quality survey a single unit was in operation.  

Figure 131 details the water quality sampling sites targeted during the baseline monitoring programme (see 
appendix D13-1, Water quality and plankton Report, Application Reference Number: 6.4.83 and Titan, 2012). A 
summary of the chloroform results is detailed in Table 31. 

The chloroform concentrations measured at the near surface are consistently higher than those from deeper in 
the water column.  Higher values near the surface would be consistent with CBPs from a buoyant CW 
discharge. Near surface concentrations are lower during February to April than in the other months. Assuming 
that the chloroform is associated with the Magnox CW discharge this could be due to either an outage or 
suspension of chlorination during the winter. All of the individual measured values are lower than the chloroform 
EQS. 

A summary of the bromoform results is detailed in Table 32. The bromoform concentrations measured at the 
near surface are consistently higher than those from deeper in the water column.  Higher values near surface 
would be consistent with CBPs from a buoyant CW discharge. As with the chloroform concentrations, near 
surface bromoform concentrations are lower during February to April than in the other months. Assuming that 
the bromoform is associated with the Existing Power Station CW discharge, this could be due to either an 
outage or suspension of chlorination during the winter. 
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Figure 131  
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Table 31 Baseline chloroform (ng/l) data. 

Month WQ1  WQ1  WQ2  WQ2 WQ3 WQ3 WQ4 WQ4 WQ5 WQ5  WQ6  WQ6 

Depth (m) 1 15.9 1 14.5 1 9.1 1 21.3 1 23.9 1 7.5 

May-12 24 <1 11 <1 6.6 <1 8.8 <1 <1 <1 8.8 1.7 

Jun-12 12 <1 7.7 <1 8.1 2.2 17 <1 10 <1 19 <1 

Ju/l2 35 <1 25 1.2 31 <1 26 <1 22 <1 40 <1 

Aug-12 30 <1 20 <1 29 <1 31 <1 23 <1 27 3.2 

Sep-12 21 3.1 33 4 27 3.8 34 2 26 2.2 22 2.6 

Oct-12 13 <1 14 <1 9.5 <1 15 <1 10 <1 17 <1 

Feb-13   2.6    3.4  2  1.5  

Mar-13   1.2    3  2.4  2.7  

Apr-13   3.6    2.4  4  2.9  

May-13   16    25  20  13  

Jun-13   10    21  33  16  

Ju/l3   23    31  38  29  

Aug-13   33    40  44  26  

Sep-13   29    47  50  39  

Oct-13   26    17  21  18  

Table 32 Baseline bromoform (ng/l) data. 

Month WQ1  WQ1  WQ2  WQ2 WQ3 WQ3 WQ4 WQ4 WQ5 WQ5  WQ6  WQ6 

Depth (m) 1 15.9 1 14.5 1 9.1 1 21.3 1 23.9 1 7.5 

May-12 24 <1 11 <1 6.6 <1 8.8 <1 <1 <1 8.8 1.7 

Jun-12 12 <1 7.7 <1 8.1 2.2 17 <1 10 <1 19 <1 

Ju/l2 35 <1 25 1.2 31 <1 26 <1 22 <1 40 <1 

Aug-12 30 <1 20 <1 29 <1 31 <1 23 <1 27 3.2 

Sep-12 21 3.1 33 4 27 3.8 34 2 26 2.2 22 2.6 

Oct-12 13 <1 14 <1 9.5 <1 15 <1 10 <1 17 <1 

Feb-13   2.6    3.4  2  1.5  

Mar-13   1.2    3  2.4  2.7  

Apr-13   3.6    2.4  4  2.9  

May-13   16    25  20  13  

Jun-13   10    21  33  16  

Ju/l3   23    31  38  29  

Aug-13   33    40  44  26  

Sep-13   29    47  50  39  

Oct-13   26    17  21  18  
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10.3 Production and Mixing of Bromoform and Chloroform 
In the absence of predicted bromoform concentrations for the Wylfa Newydd CW discharge, an estimate has 
been made making use of data from other UK power plant. In BEEMS (2011a) the maximum reported 
bromoform concentration in a UK power plant discharge was for Heysham nuclear Power Station on the west 
coast (average of 29.2  μgl–1). As such, a bromoform discharge concentration at Wylfa Newydd of 30 μg l–1 has 
been assumed, which is likely to be a conservative assumption because the proposed use of chlorine biocide at 
Wylfa Newydd would be reduced compared to other power plant, as it would follow best practice with regards to 
tailoring dosing regimes to biofouling risk (Environment Agency, 2010). The Wylfa Newydd TRO discharge has 
been assumed to be 100 μg l–1 which is half that assumed for the Hinkley C project. A TRO concentration of 20 
μg /l was measured at point of discharge at Heysham Power Station; this further reduced to 10 μg /l at a 
distance of 1 km away (Jenner et al. (1997) cited in EDF (2011)). 

Assuming a bromoform discharge of 30 μgl–1, a six-fold dilution is required to reach the BEEMS Predicted No-
Effect Concentration of 5 μg l–1. The size of the mixing zone implied by the dilution necessary to achieve a 
concentration of 5 μgl–1 assuming a conservative tracer discharged at 30 μg l–1 is 432.4hectares (248.1hectares 
as a 98 percentile) at the surface and 3.9 hectares (2.6 hectares as a 98 percentile) at the bed. 

In a survey of UK nuclear power plant (BEEMS 2011a) it was found that chloroform was below the detection 
limit of <0.1 μgl–1 in the effluents of all but Hartlepool on the heavily industrialised Tees Estuary where a single 
spot sample was found to contain 1.5 μgl–1. With an EQS of 2.5 μgl–1, measured chloroform concentrations were 
all below EQS at discharge. Chloroform concentrations measured in the waters off the Existing Power Station at 
Wylfa Head were also well below the EQS (with a maximum concentration recorded at WQ2 of 0.033 μgl–1, see 
Table 31) and it is therefore likely that, with the envisaged reduced biocide dosing compared to other plant, the 
chloroform formed in the Wylfa Newydd CW discharge would also be below the EQS. 
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11. Climate Change 
Climate change can be expected to alter the marine environment over the life of the Wylfa Newydd Power 
Station. A revised set of climate predictions are expected to be released in 2018, but at present the best data 
set is that from UKCP09 (UKCP09, 2015). This provides a range of predictions for sea level change and the 
predicted change in sea and air temperature. While it is expected that other aspects of the future weather will be 
different to today with dryer summers and stormier winters, the changes are less reliably understood and not 
quantified in UKCP09.  

The predicted change in sea temperature and meteorology can be used to examine the influence of climate 
change on the surface heat flux by adjusting the input data to the spreadsheet used to calculate the seasonal 
values for the base case modelling (Table 33).  

The predicted changes in UKCP09 for the median emissions scenario (median probability) of UKCP09 for the 
2050s are: 

 
 Summer mean land air temperature increase: 1 to 2 °C (1.5°C) 
 Winter mean land air temperature increase: 1 to 2 °C (1.5°C) 
 Sea level pressure rise 0.3 hPa 
 Marine rain fall: -2% 
 Mean sea temperature increase: 1.5 °C   
 Cloud cover change: -2% 
 Mean sea level rise: 21.8 cm 

 
Using these values the seasonal surface heat fluxes are slightly increased. 

Table 33 Calculated seasonal average surface heat loss rate: current and climate change conditions. 

Season Current conditions (W/m2/K) Climate change conditions (W/m2/K) 

Winter 21.4 22.2 
Spring 19.7 20.3 
Summer 21.7 22.5 
Autumn 24.0 25.1 

There is little difference between the surface heat flux of the current meteorology input data and with an 
assumption for climate change. In the surface flux sensitivity study where the rate was changed by ±10 W/m2/K, 
it was found that the mixing zones were fairly insensitive to the imposed rate. The surface heat loss rates used 
for the seasonal base cases are therefore reasonable for conditions under climate change. The increased 
seawater temperature will increase the area of the 23 ˚C exceedance mixing zone.  

Climate induced sea temperature rises over the life of the power station would mean that DO levels and the 
proportion of un-ionised ammonia would be expected to reduce and increase in the future baseline, 
respectively. 

The greatest change under the UKCP09 projections is in the sea level which is projected to increase by around 
22 cm by the mid-2050s. Given the morphology of the north Anglesey coast, an increase of this scale would not 
be expected to change the coastline greatly. Furthermore, in the absence of climate change impacts on the tidal 
forcing there would not be expected to be large scale differences in mixing zones should the water level in the 
entire model be raised by 22 cm to simulate this aspect of climate change. For this reason no explicit modelling 
of the temperature and TRO mixing under climate change has been undertaken. 
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12. Use of the Model to Inform Coastal Process Studies 
The Delft3d coupled hydrodynamic-wave model has been run for a number for different scenarios to provide the 
output required for impact assessment. The primary model output presented for this purpose is bed shear 
stress.  The coupled hydrodynamic-wave model setup is detailed in Section 6.10.   

The approach adopted for the current study has been to identify the desired wave conditions at Point 3 from 
wave model time series output (see Section 6.10) and then use the associated boundary condition data in a 
coupled hydrodynamic and wave simulation. 

Two typical wave conditions have been used – the first condition adopted was 6 March 2014 at 12:00 when a 
predicted wave of 0.9m from 228.1° occurred at Point 3. A somewhat greater wave (Significant wave height 
(Hsig)1.48m, Tm02 3.45s from 249.2°) occurred a few hours later at 03:00 on 7 March 2014. This condition, which 
has been termed High Typical, was used in simulations of the CW plume the results of which are included in this 
report.  

Waves in the winter months tend to be higher than during the summer. The use of a wave height of 2m was 
used to represent typical winter conditions. The conditions that occurred on 27th February 2011 were selected to 
provide a typical winter wave climate. 

Hawkes (2016) tabulated extreme wave conditions at the monitoring points. The 1 in 10 year wave at Point 3 is 
predicted to be 5.3m in height with a direction of 285° to 15°. Extreme waves are relatively rare but in the 3 
hourly time series a wave of 5.22m from 274.9° was predicted at Point 3 on 12th February 2014 at 18:00.  

The 98 percentile wave height predicted at Point 3 between 1980 and 2015 is 2.85m. On the 15th April 1992 at 
9:00 a wave of 2.85m with a direction of 358.3 was predicted at Point 3. This 98 percentile wave condition from 
the North has therefore been used to represent the Extreme wave modelled as it represents an appropriate 
magnitude for this wave type and direction. The different Typical and Extreme wave conditions are tabulated in 
Table 34.  

Table 34 Wave conditions at Point 3 used in coupled model simulations. 

Condition Date Time Hsig Direction 

Typical 6/3/2014 12:00 0.9 228.1 

Typical – High 7/3/2014 03:00 1.48 239.4 

98 percentile 
(Extreme wave from 
the North) 

15/4/1992 09:00 2.85 358.3 

Typical Winter 27/2/2011 18:00 2.0 343.7 

Two versions of the wave model were required one with and one without the Wylfa Newydd Power Station 
breakwaters and MOLF. For the model the bathymetry and obstacle file in the wave model was updated to 
reflect the design with a 400m long western breakwater (drawing No: PB5659-300-008). 

The simulations to predict changes to bed shear stress with the Project were undertaken with three wave 
conditions; Typical; High Wave from the North; and Typical Winter wave. The simulations of sediment 
discharges used the Typical wave (see Section 13) while those to examine the influence of waves on mixing of 
the CW plume made use of the Typical High wave (see Section 6.10). The High Typical wave was used for the 
CW influence study as it was intended as a sensitivity study rather than a prediction of long-term behaviour. 
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12.1 The Coupled Model 

In a turbulent flow the boundary layers at the bed associated with the waves and the current interact nonlinearly 
(see for example Soulsby and Clarke, 2005, Soulsby et al 1993) which has the effect of enhancing both the 
mean and oscillatory bed shear-stresses. The current profile is also modified, because of the extra turbulence 
generated close to the bed. The change to the vertical current profile is equivalent to that from an enhanced bed 
roughness and therefore the combination of waves and currents enhances the bed shear stress. The non-
linearity of the interaction results in a greater maximum bed shear stress that a simple addition of the pure 
current and wave bed shear would imply.  

There are a number of different models available for the wave current boundary layer and the resulting virtual 
roughness available in Delft3D.  For the present study the Delft3D default method of Fredsoe (1984) has been 
used. For the Fredsoe model the non-linear interaction between waves and currents can result in an increase of 
maximum bed shear stress, which determines entrainment, of up to 70% above that obtained by assuming a 
linear combination. Depending on the conditions the non-linear combination of waves and current bed shear 
can be an important phenomena for sediment transport.  Soulsby et al (1993) concluded that the non-linearity 
was most important under wave dominated conditions.   

Whilst SWAN is a widely used tool for modelling near shore waves it has limitations. The phase-decoupled 
approach employed in SWAN does not fully handle diffraction in harbours or in front of reflecting obstacles.  The 
SWAN sourceforge website (http://swanmodel.sourceforge.net/online_doc/swantech/node26.html) discusses 
these limitations but considers that the “SWAN diffraction approximation can be used in most situations near 
absorbing or reflecting coastlines of oceans, seas, bays, lagoons and fjords with an occasional obstacle such as 
islands, breakwaters, or headlands but not in harbours or in front of reflecting breakwaters or near wall-defined 
cliffwalls”. Behind breakwaters (which may be reflecting), it is noted on the SWAN website that results “seem 
reasonable”. Holthuijsen (2007), one of the initial SWAN developers provides (Figure 8.9 pp 267) evidence that 
away from reflecting obstacles where standing waves can develop SWAN can reasonably reproduce diffraction. 
The proposed Wylfa Newydd MOLF design includes some vertical walls as well as solid revetments and 
therefore the SWAN predictions in the vicinity of the these features, which are within the harbour, should be 
treated with a degree of caution. However, away from the vicinity of these features, the coupled model should 
be capable of predicting changes of interest for coastal processes. 

The Delft3D software package can be used to model the bed load and suspended transport of non-cohesive 
materials and the suspended transport of cohesive and non-cohesive material.  

The suspended transport is calculated by solving the 3D advection diffusion equation for each of the sediments 
with the flow field and eddy diffusivities being derived from the hydrodynamic solution.   

The solution of the sediment transport is more complex than that for a tracer material as the solution requires 
the settling of the sediment under the action of gravity to be modelled as well as the exchange of material with 
the bed.  

The Delft3D code can include the effect of sediment density damping turbulence and the interaction of sediment 
fractions. For non-cohesive sediments the model uses a modified turbulence model to account for the influence 
of waves on the turbulent mixing of sediment. When settling up a simulation the user is required to define a 
settling velocity for cohesive sediment while Delft3D calculates the velocity for a non-cohesive material. In a 
similar fashion the user has to define a shear stress for the onset of deposition and erosion for a cohesive 
material but these are calculated for non-cohesive sediments. 

In the following subsections, both the predicted depth averaged current and bed shear stress at mid ebb and 
flood are plotted for a neap and spring tide below for the three wave conditions. Before presenting results with 
waves, predicted currents and bed shear stresses have also been plotted for a simulation without waves in 
order that the influences of waves on the predicted flow field and bed shear stress can be identified.  Note that 
the currents and bed shear stress are obtained from the hydrodynamic model and therefore the extent of the 
plotted data, which is the innermost hydrodynamic grid, differs to that of the significant wave heights obtained 
from the 20m wave model grid.  
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The model was run in 3D with 10 layers in the vertical for both the with and without waves cases. The bed 
friction was represented using the Chezy coefficient. The plots in the following sections show the bed shear 
stress due to current alone or current combined with waves (for the with waves cases). The plots also show the 
depth averaged current vectors; this is in order to represent the flow field (rather than to imply that depth 
averaged velocity was used to calculate the bed shear). 

The coupled model was used to simulate flows and waves for the period 24 August 2011 and 31 August 2011.  
In the following results presented for a neap tide are from the 23 August 2011 when the tidal range was 2.45 m 
and the results for the spring tide are from the 30 August 2011 when the tidal range was 6.2 m. 

Note that the date and time of the hydrodynamic and the wave conditions are not coincident and that therefore 
the results are not intended to be a hindcast of the conditions at a single instant in time but rather are 
representative of the range of conditions that can occur. 

12.2 No Wave Condition 

The no wave depth-averaged current and bed shear stress are plotted for a neap tide in Figure 132 to Figure 
135 and for a spring tide in Figure 136 to Figure 139.  

The bed shear stress and currents for the neap tide at the time of mid flood is similar for the model simulation 
without (Figure 132) and with (Figure 133) the Power Station. South of a line joining the headlands either side of 
Wylfa Head currents and bed shear stress are relatively low. North of this imaginary line the currents and hence 
bed shear stress is higher.  South of the line the bed shear stress is less than 2 N/m2, which is approximately 
the stress required to suspend material with a diameter of 1.5 mm (van Rijn 2016). 

The mid ebb depth-averaged currents and bed shear stress (Figure 134) are in general somewhat higher than 
the mid flood on a neap tide (Figure 132). The higher bed shear stress on mid ebb compared to mid flood is 
more apparent north of an imaginary line connecting the headlands.  

For both the with and without Power Station cases (Figure 135 and Figure 134) the predicted bed shear stress 
during the time of mid ebb on a neap tide is higher offshore away from the influence of the headlands. The 
Power Station modifies the flow field in the bay to the west of Wylfa Head which is reflected in small, localised, 
changes in bed shear stress.  

Compared to the equivalent neap tide results (Figure 132) the bed shears stress and currents at mid flood on a 
spring tide (Figure 136) are higher. 

As with the neap tide simulation the bed shear stress is similar for the without and with Power Station spring tide 
simulations (Figure 136 and Figure 137). Offshore north of the line joining the headlands, which separates the 
sheltered low current and bed shear stress areas from the higher current and bed shear stress zones the bed 
shear stress is greater on the spring tide than on the equivalent neap tide (compare for example Figure 137 and 
Figure 132 ). 

The depth-averaged current and bed shear stress are, away from the breakwaters and MOLF, similar for the no 
wave mid ebb conditions with (Figure 139) and without (Figure 140) the Power Station. The bed shear stress 
and currents and relatively low southwards of a line drawn between the headlands.  

Comparing the no wave mid ebb and mid flood results from a spring and a neap tide it will be noted that overall 
bed shear stress is higher on the spring tide than on the neap because the spring tide gives rise to higher 
current velocities. For a given tide the mid ebb tide currents are higher than at mid flood which is reflected in 
higher bed shear stress. 
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Figure 132 Neap tide no wave mid flood – No Power Station. Arrows represent current vectors. 

 

Figure 133 Neap tide no wave mid flood  – With Power Station. Arrows represent current vectors. 
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Figure 134 Neap tide no wave mid ebb – No Power Station. Arrows represent current vectors. 

 

Figure 135 Neap tide no wave mid ebb  – With Power Station. Arrows represent current vectors. 
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Figure 136 Spring tide no wave mid flood – No Power Station. Arrows represent current vectors. 

 

Figure 137 Spring Tide no wave mid flood  – With Power Station. Arrows represent current vectors. 
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Figure 138 Spring tide mid ebb no wave  – No Power Station. Arrows represent current vectors. 

 

Figure 139 Spring tide mid ebb no wave  – With Power Station. Arrows represent current vectors. 
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12.3 Typical Wave Conditions 

The depth average current and bed shear stress at mid flood on a neap tide with the Power Station and a 
typical wave (Figure 141) is similar to the results without the Power Station (Figure 140).  The bed shear stress 
for the typical wave condition is also similar to the bed shear stress without waves included (Figure 132). 

Similarly, there are limited differences in the depth-averaged current and the bed shear stress for the neap tide 
at the time of mid ebb (Figure 142) with a typical wave condition included and those without the waves included 
(Figure 134). 

The inclusion of the typical wave condition results in a small increase in the predicted bed shear north of the 
headland to the west of Cemlyn Bay. Given the direction of the typical wave (from the south west) the bays tend 
to be sheltered from the waves but the shallower water off of this headland allows the wave to influence bed 
shear stresses. 

There are differences in the depth-averaged flow field resulting from the development of the western 
breakwater. However, except for the vicinity of the western breakwater the bed shear stress for the with (Figure 
144) and without Power Station (Figure 144) spring tide mid flood typical wave conditions are similar.  

In general there are limited differences in either the depth-averaged current or the bed shear stress in the spring 
tide simulations with a typical wave condition included and those without. There is some increase in the 
predicted bed shear north of Trwyn Cemlyn (the headland to the west of Cemlyn Bay) with the wave included. 
Given the direction of the typical wave (from the south west) the bays tend to be sheltered from the waves but 
the shallower water off of Trwyn Cemlyn allows the wave to influence bed shear stresses. 
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Figure 140 Neap tide mid flood typical wave – No Power Station. Arrows represent current vectors. 

 

Figure 141 Neap tide mid flood typical wave  – With Power Station. Arrows represent current vectors.  
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Figure 142 Neap tide mid ebb typical wave  – No Power Station. Arrows represent current vectors. 

 

Figure 143 Neap tide mid ebb typical wave  –  With Power Station. Arrows represent current vectors. 
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Figure 144 Spring tide mid flood typical wave  – No Power Station. Arrows represent current vectors. 

 

Figure 145 Spring tide mid flood typical wave  – With  Power Station. Arrows represent current vectors. 
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Figure 146 Spring tide mid ebb typical wave – No  Power Station. Arrows represent current vectors. 

 

Figure 147 Spring tide mid ebb typical wave – With Power Station. Arrows represent current vectors. 
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12.4 Typical Winter Wave Conditions 

Examples of the predicted depth-averaged current and bed shear stress for the typical winter wave conditions 
(Table 34) are plotted for a spring tide in Figure 148 to Figure 151. 

Compared to the no wave cases the inclusion of a typical winter wave in the model increase the bed shear 
stress in the inshore areas either side of Wylfa Head. The typical winter waves appear to drive near shore 
currents, an example being seen in the vicinity of Cemaes Bay where there is a flow into and out of the 
innermost part of the bay with the waves included (Figure 149) but not with a typical wave condition (Figure 
145).   Where previously the maximum bed shear stress was less than 2N/m2 this value is exceeded over most 
of Porth-y-pistyll with areas predicting up to 8N/m2. The bed shear stress in the vicinity of the shingle bank that 
forms Cemlyn lagoon is still low, as Cemlyn Bay is protected from direct wave action except for waves from the 
north east sector. 

The influence of the western breakwater in reducing the wave heights and hence the bed shear stress is 
notable when comparing the with (Figure 149, Figure 151) and without (Figure 148, Figure 150) Power Station 
plots. However, the influence of the western breakwater appears to reduce the shear stresses in the lee of the 
structure but not on the seaward side of the breakwater. High shear stresses are maintained particularly at the 
southern tip of the breakwater in the narrow opening to the harbour. 
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Figure 148 Spring tide mid flood winter wave – No Power Station. Arrows represent current vectors. 

 

Figure 149 Spring tide mid flood typical winter wave – With Power Station. Arrows represent current vectors. 
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Figure 150 Spring tide mid ebb winter wave – No Power Station. Arrows represent current vectors.

 

Figure 151 Spring tide mid ebb winter wave – With Power Station. Arrows represent current vectors. 
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12.5 Extreme (98 percentile) Wave Conditions 

Examples of the predicted depth-averaged current and bed shear stress for the hydrodynamic model coupled to 
a wave model run with an extreme wave condition (98 percentile) from the north on the spring tide are 
presented in Figure 152 to Figure 155. 

The maximum bed shear stress and depth-averaged current data for a spring tide mid flood with the extreme 
wave from the north with the Power Station plotted as Figure 153 when compared to the same conditions 
without the Power Station (Figure 152, Figure 154) shows a reduction in bed shear stress in the lee of the 
breakwater. There is also a modification of the wave driven flow in Porth-y-pistyll because of the breakwater. 
Away from the vicinity of the Power Station there appears to be little change in either the flow field or the bed 
shear stress.   

The maximum bed shear stress and depth-averaged current data for a spring tide mid ebb with the extreme 
wave from the north with the Power Station plotted as Figure 155 when compared to the same conditions 
without the Power Station (Figure 154) shows a reduction in bed shear stress in the lee of the breakwater. 
There is also a modification of the wave driven flow in Porth-y-pistyll because of the breakwater. Away from the 
vicinity of the Power Station there appears to be little change in either the flow field or the bed shear stress.   

As with the winter wave condition discussed above the extreme wave has a direction from the north and thus 
the near shore area of Cemlyn and Cemaes Bays are more exposed to the waves than is the case with the 
typical wave which comes from the south west.  

The addition of the extreme wave increases bed shear stress in the near shore and drives near shore currents. 
With increasing wave height the influence of the waves will be felt in increasingly deeper water.  

There is a band of lower bed shear in line with the north of Wylfa Head. This is probably the zone between the 
offshore where currents are extreme and water deep so that the current is the dominant factor in the bed shear 
stress and the inshore region where wave action is dominant.  

In addition to the bed shear stress plots presented at the time of mid ebb and mid flood, maximum bed shear 
stress simulated over a 24 hour period on the spring and neap tides have also been generated for a typical 
wave (Figure 156 and 157) and for an extreme wave (Figure 161 and 162).  Difference plots are shown for 
spring and neap tides for the typical wave model simulation only (Figure 158 and 159). 

These plots of maximum bed shear stress indicate similar trends in bed shear stress as the plots showing bed 
shear stress at the times of mid flood and mid ebb and a detailed discussion of them is therefore not included.    

Figure 158 shows reductions in bed shear (greens and blues) for a spring tide either side of the northern extent 
of the western breakwater, but increases off Trwyn Cemlyn and Cerrig Brith, and north west of Wylfa Head. 
These locations tend to have high bed shear, and the bed is characterised by bare rock. 

The average difference between the developed and undeveloped case during a neap tide is plotted in Figure 
159.  As with the spring tide case there are areas of reduced bed shear either side of the western breakwater 
(although these are small) and increased shear off Trwyn Cemlyn and Cerrig Brith. The relevance of these 
changes to coastal processes is outside the scope of this report, but the increased stress occurs in areas where 
the bed shear stress is predicted to be high and the sea bed characterisation (Figure 160) which identified the 
areas north of Trwyn Cemlyn and Cerrig Brith as being bare rock. 
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12.5.1 Spring Tide Extreme Wave Condition  

 

Figure 152 Spring tide mid flood Extreme wave – No Power Station. Arrows represent current vectors. 

 

Figure 153 Spring tide mid flood Extreme wave condition – With Power Station. Arrows represent current vectors. 
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Figure 154 Spring tide mid ebb Extreme wave – No Power Station. Arrows represent current vectors. 

 

Figure 155 Spring tide mid ebb Extreme wave – With Power Station. Arrows represent current vectors. 
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Figure 156 Maximum bed shear stress – Baseline spring tide typical wave. 

 

Figure 157 Maximum bed shear stress: – Baseline neap tide typical wave. 

  



Marine hydrodynamic modelling report 

 

143 

 

Figure 158 Average difference in bed shear stress – With and without Power Station for a spring tide typical wave. 

 

Figure 159 Average difference in bed shear stress – With and without Power Station for a neap tide typical wave. 
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Figure 160 Seabed map (Titan, 2012). 
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Figure 161 Maximum bed shear stress: Spring Tide Extreme North Wave – Without Power Station. 

 

Figure 162 Maximum bed shear stress: spring tide Extreme north wave – With Power Station. 
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12.6 Discussion of Bed Shear Stress Simulations 

Simulations without the Power Station have been undertaken with and without waves which allows for an 
assessment of the sensitivity of bed shear stress to waves. The results suggest that offshore currents are the 
dominant factor in bed shear stress as there is little difference in the predicted bed shear stress with wave 
action included. 

However, inshore within the bays waves can be an important influence on bed shear stresses. There is limited 
influence on bed shear with the typical wave condition, and an increasing influence as the wave height is 
increased. Wave direction is key influencing factor because of the orientation of the coastline and because the 
presence of headlands tends to reduce the potential for waves from the most common south westerly directions 
to impact on the bays around Wylfa. 

The construction of the breakwaters results in differences in the depth-averaged flow field but has limited impact 
on the bed shear stress for the typical wave condition simulation (e.g. a small increase in the predicted bed 
shear north of the headland to the west of Cemlyn Bay). However,there are differences in the bed shear for the 
stronger winter wave condition. The bed shear conditions immediately seaward of the shingle bank that forms 
Cemlyn lagoon are not affected by the Power Station. 
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13. Drainage Discharge and Dredge Spill Sediment Modelling 
13.1 Construction Drainage Discharges- Input Data and Assumptions 

The input data and assumptions that underlie the construction phase drainage modelling simulations are 
summarised in Table 35. The discharges considered include fluvial sources, deep excavation dewatering, 
cofferdam dewatering, tunnel dewatering and sewage effluent sources. The locations of the drainage 
discharges are shown in Figure 163. These conditions are representative of a worst case owing to the 1 in 2 
storm flows being used as the base flow with a 1 in 30 storm event part way through the 2-week simulation. In 
addition, the model assumes that the landscape mounds of the Wylfa Newydd Development Area are 
unvegetated. The model also assumes no wind or waves present. 

Table 35 Summary of the drainage discharge modelling assumptions  

Drainage 
discharge 

Component 
freshwater 
discharges 

Source of flows at 
each point 

Suspended 
solids conc. 
(mg/l) 
(1 in 2 yr 
flows) 

Suspended 
solids conc. 
(mg/l) 
(1 in 30 yr 
flows) 

Notes 

1S - Cemaes 

Bay 

A3 via Nant Cemaes Only surface drainage 

Base flow taken as the 

peak 1 in 2 storm flow = 

1.53m3/s 

24hr storm flow taken as 

the peak 1 in 30= 

2.85m3/s 

40 110  Base flow taken as 

the 1 in 2 flows 

Inclusion of a 24hr 

storm event using 

the 1 in 30 flows 

A2 – Cemaes 

Bay 

A2 direct to sea Only SW drainage 

Base flow taken as the 1 

in 2= 0.0009m3/s 

24hr storm flow taken as 

the 1 in 30= 0.146m3/s 

70 300  Base flow taken as 

the 1 in 2 flows 

Inclusion of a 24hr 

storm event using 

the 1 in 30 flows 

2S - Porth y 

Wylfa 

A1 and B1 via Tre’r Gof 

outfall channel 

Only SW drainage 

Base flow taken as the 

peak 1 in 2 storm flow 

(estimated from flood 

modelling output) = 

0.50m3/s 

24hr storm flow taken as 

the peak 1 in 30 

(estimated from flood 

modelling output) = 

0.80m3/s 

70 400  Base flow taken as 

the 1 in 2 flows 

Inclusion of a 24hr 

storm event using 

the 1 in 30 flows 

PB and PC  Direct to sea 1. SW drainage. From 

each discharge point, 1 in 

2 (0.005m3/s) and for 1 in 

30 (1.174m3/s) 

Plus, 

2. Groundwater from 

dewatering of deep 

excavations (0.0014m3/s) 

Plus, 

3. Groundwater from 

tunnelling (PC only - does 

70 300  Base flow taken as 

the 1 in 2 flows 

Inclusion of a 24hr 

storm event using 

the 1 in 30 flows 
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Drainage 
discharge 

Component 
freshwater 
discharges 

Source of flows at 
each point 

Suspended 
solids conc. 
(mg/l) 
(1 in 2 yr 
flows) 

Suspended 
solids conc. 
(mg/l) 
(1 in 30 yr 
flows) 

Notes 

not get discharged at PB)  

(0.07 m3/s)                            

TOTAL flow- 

PB: 1 in 2- 0.0064m3/s  & 

1 in 30-1.1754m3/s              

PC: 1 in 2- 0.0764m3/s & 1 

in 30 1.2454m3/s 

3S – from the 

Afon Cafnan 

into Porth-y-

pistyll 

C1, D1, D2 and E1 via 

Afon Cafnan 

SW drainage 

Peak 1 in 2 storm flows= 

5.62m3/s 

Peak 1 in 30 storm flow= 

7.83m3/s 

40 200  Base flow taken as 

the 1 in 2 flows 

Inclusion of a 24hr 

storm event using 

the 1 in 30 flows 

OCD- Outfall 

cofferdam 

N/A Drainage from cofferdam.  

1 in 2 rainfall= 

0.000983796m3/s 

plus seawater infiltration = 

0.005555m3/s, and 

1 in 30 year flow = 

0.00179398m3/s plus 

seawater infiltration = 

0.005555m3/s 

2. Groundwater from 

tunnelling (0.07 m3/s)           

TOTAL flow-  

1 in 2- 0.076539m3/s  /  1 

in 30-  0.077349m3/s     

70 300 Discharge split btw 

rainfall, marine and 

tunnel GW 

Base flow taken as 

the 1 in 2 flows 

Inclusion of a 24hr 

storm event using 

the 1 in 30 flows 

MCD- Main 

cofferdam 

(Porth-y-pistyll) 

N/A Flow comprises- 

GW (0.002315m3/s), 

marine water 

(0.0083333m3/s), and 

rainfall (0.043449m3/s) for 

1 in 2 flow 

Total flow of 

0.05409722m3/s 

 

GW (0.002315m3/s), 

marine water 

(0.0083333m3/s), and 

rainfall (0.078704m3/s)for 

1 in 30 flow 

Total flow of 

0.08935185m3/s 

70 300 Discharge split btw 

rainfall, marine and 

GW 

Base flow taken as 

the 1 in 2 flows 

Inclusion of a 24hr 

storm event using 

the 1 in 30 flows 

CSD- Sewage 

discharge at tip 

of northern 

  0.0185m3/s for 15 hour 

duration 

30 n/a Assumed to be an 

open pipe bed 

discharge 
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Drainage 
discharge 

Component 
freshwater 
discharges 

Source of flows at 
each point 

Suspended 
solids conc. 
(mg/l) 
(1 in 2 yr 
flows) 

Suspended 
solids conc. 
(mg/l) 
(1 in 30 yr 
flows) 

Notes 

breakwater 

SCSD- Sewage 

discharge for 

Site Campus 

just east of the 

outfall 

cofferdam 

  0.0185m3/s for 12 hour 

duration 

30 n/a Assumed to be an 

open pipe bed 

discharge, ~50m off 

the coast 
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13.2 Dredging Activities- Input Data and Assumptions 

The main dredging activity will occur in the region of the western breakwater where there is the greatest volume 
of over burden to be removed. The release of fine material from dredging activity was represented by three 
releases along the length of the western (400m) breakwater plus two additional releases within the dredged 
area of the harbour. The duration of the spill followed that adopted for previous studies, which assumed a longer 
(541m) breakwater, and hence a larger proportion of the overburden. With a shorter breakwater there will be 
less material to remove and hence the simulations were conservative in terms of the fugitive spill.    

It was assumed that the vessel works the following pattern every 24hrs: 

 2hrs on site to load 3500m3 of dredge material 

 4hrs transit time to the Disposal Site 

 2hrs to offload the dredge material 

 4hrs transit time back to the dredge site 

 2hrs on site to load 3500m3 of dredge material 

 4hrs transit time to the Disposal Site 

 2hrs to offload the dredge material 

 4hrs transit time back to the dredge site 

Hence the total dredged material in any one 24 hour period would be 7000m3. 

For the proposed semi dry approach there is 160 000m3 of material to remove by dredging. Of this material it is 
estimated that 20% is soft material (sand and silt) for which there is potential for 5% to be lost from the dredging 
barge as a spill. In addition there is estimated to be 120 000m3 of soft material under the breakwaters that may 
be required to be removed. The maximum quantity of soft material to be removed is then 220 000m3.  

Using the assumed working pattern of 7000m3 per day of material the soft material will take approximately 31 
days (17 for the breakwater and 14 for the remainder). In practice it may be that for areas where the soft 
material is a relatively thin layer over the rock there will not be a separate soft and hard removal process. In this 
case the soft material was removed alongside the hard and while the volume remained the same the removal 
rates were reduced.  

The simulated scenarios provide a conservative prediction of the dredge fugitive sediment based on the 
available information.  

13.3 Suspended Solids Particle Size 

The suspended solids particle sizes from project discharges is assumed to consist of fine clay sediments which 
have a particle size of 2 µm or less. Such fine particles have a very low Stokes settling velocity. In freshwater a 
2 µm sphere takes nearly eight hours to settle 0.1 m, with such a low settling velocity the discharge could be 
represented by a conservative tracer. However, in saline water and in higher concentrations the settling of clay 
is less straightforward and can exhibit flocculation (Lintern 2003, Sutherland et al., 2014 ). Flocculation 
increases the particle size and hence settling velocity; the settling of clay is therefore influenced by the 
concentration of the sediment as at low concentrations the potential for particle collisions and hence flocculation 
is lower. At low concentrations (Filostrat 2014 Figure 2.5) the settling velocity is that for individual particles, as 
the concentration increases flocculation results in an increase in settling velocity. Above a threshold 
concentration further increases result in reduced velocities as particles hinder each other’s settling.  
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Two further model simulations were undertaken with cohesive sediment included in the hydrodynamic model. 
The settling velocity was set to 0.2mm/s for both of these simulations. This velocity was measured by 
Sutherland et al. (2014) for a clay settling in water with a marine salinity. The concentration of clay in their 
experiments was much greater than proposed at 14.7g/l. Flocculation, settlement and resuspension levels are 
relevant here in terms of the subsequent assessment of the outputs in terms of environmental effects. Filostat 
(2014) suggests that the proposed concentration of 100mg/l in the pond effluent is on the border between free 
settling and flocculation (given as 100 to 300 mg/l). The modelled settling velocity is therefore conservative as it 
assumes flocculation is occurring and therefore higher settlement velocity, which could show higher local 
sedimentation in local sensitive habitats e.g. Cemlyn Ridge. However,  in practice the lower free settling velocity 
may well be applicable; therefore lower sedimentation than predicted would likely occur in local sensitive 
habitats. 

The model requires a critical bed shear stress at which the sedimented material is re-suspended. As with 
settling the behaviour of clay material is relatively complex and the critical shear stress can vary with the age of 
the deposited material. Beaulieu et al. (2003) conducted experiments that involved both measuring the settling 
velocity and critical bed shear stress for clay material settling in saline waters. Their values of bed shear stress 
were used as they measured the stress required to re-suspend recently deposited clays. The critical shear 
stress measured for deposits of three to 24 hours age was 0.07 to 0.09 N/m2. A value of 0.1 N/m2 was used in 
the modelling study as a conservative estimate of the critical bed shear stress (as there would be reduced 
resuspension, and therefore potential to be carried away from local sensitive habitatsof sedimented material 
with a higher critical stress).  

13.3.1 Dredge particle size fractions 

The particle size distribution assumed for the dredge activities was represented by four particle sizes covering 
both sand and fine particles; these are the same proportions as used in the Holyhead Deep dredge disposal 
study. 

Table 36 Dredge spill particle size fractions 

Sediment fraction name Percentage of total (%) Diameter (µm) 

Coarse Sand 56 1000 

Medium Sand 12 300 

Fine Sand 9.6 100 

Silt (Cohesive) 22.4 63 

 

13.4 Representation Drainage Discharges 

Drainage discharges were represented in the model as an inflow at the appropriate location in the model. 
Deflt3D’s Walking Discharge was used as necessary. In the Walking Discharge the model will move the inflow 
to the nearest active cell which is useful for discharges in the intertidal region. The dewatering flows from the 
two coffer dams was introduced into a model cell mid-way along the seaward side of the coffer dam.  

13.5 Wave Condition 

The most common wave condition (Hawkes 2015) is for a wave with a significant wave height of 1m from the 
southwest. As the simulations will occur over a long duration a typical wave condition is the most appropriate to 
use. 
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13.6 Dredge Scenario 

The dredge model simulation was set up to run from 1 July 2011 to 17 July 2011 as a spin up period, and during 
this period the baseline fluvial discharges were in operation but the wave model was not coupled to the 
hydrodynamics nor was the dredging spill included. The dredge activities were simulated for the period between 
the 17 July and 21 August. After the 21 August, there was a six-day post dredge period with the baseline fluvial 
discharges still in operation. The wave model was run coupled to the hydrodynamics hourly starting on the 17 
July until the end of the simulation. Model results were stored for the full period following the spin up (17 July to 
27 August).  

The fugitive spill from the dredging was included at five locations, three along the western breakwater and two 
within the harbour area. 

13.7  Drainage Scenario 

The drainage simulation included a spring-neap-spring cycle as spin up. During the spin up the drainage 
discharges were in operation and hence the spin up allowed both the hydrodynamics and suspended solids 
concentrations to settle.  

The flows used in the scenario were the 1:2 year flows with the relevant concentrations of suspended solids 
included as per Table 35 (i.e. ranging from 30 to 70 mg/l). The model ran from 17 June 2011 to 28 August 2011 
with the discharge in operation from the outset (a total of 72 days). A 24 hour storm event (1:30 year flow) with 
suspended solid concentrations as per Table 35 was introduced on the 19 August and the output of this has 
been presented separately. 

During the simulation, the wave model was coupled to the hydrodynamics to allow the maximum sediment 
deposition to be demostrated. In addition the breakwater, temporary causeway and main coffer dam were in 
place to give a worst case in terms of sediment deposition as a result of restricting mixing in the near shore 
area. 

13.8 Results 

The predicted suspended soilds concentrations and thickness of deposited material are detailed in the following 
sections. 

13.8.1 Dredging activities- worst case suspended solids  

The four suspended solids size fractions have been summed and the resulting total concentration plotted in 
Figure Figure 164 to Figure 166 for 1 hour post the final dredge event at the near bed, mid depth and near 
surface layers in the model.  
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Figure 164 Suspended solids concentration (kg/m3) an hour after the final dredge: Surface 

The near surface area with an increase of suspended solids greater than 6.1mg/l (measured ambient SCC 
between May 2010 and August 2012, Jacobs 2012) an hour after the final dredge ends is 18.5hectares (Figure 
164). 

 

Figure 165 Suspended solids concentration (kg/m3) an hour after the final dredge: Mid depth 

The mid depth area with an increase of suspended solids greater than 6.1mg/l an hour after the final dredge 
ends is 24.5hectares  (Figure 165). 
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Figure 166 Suspended solids concentration (kg/m3) an hour after the final dredge: Near bed 

The near bed area with an increase of suspended solids greater than 6.1mg/l an hour after the final dredge 
ends is 20.7hectares (Figure 166). 

13.8.2 Dredging activities- worst case deposition of suspended solids  

The modelled deposition of suspended solids on the bed an hour and six days after the last dredge event are 
plotted in Figure 167 and Figure 168.  Differences in the distribution of the material at these two times reflect the 
potential for transport of the deposited sediments. 

The data shown in Figure 167 have been plotted using the MarLIN thickness bands. The model predicts 0.9mm 
to 4mm of deposition in parts of Cemlyn Bay with less than 0.9mm around the shingle bank that forms Cemlyn 
Lagoon. The highest concentrations are at the spill locations. The predicted heights at these locations are 
unrealistic because in practice the vessel will not return to the same five locations over the course of the 35-day 
dredge program. The model also ignores the action of the dredger which will remove any deposited material in 
the active work areas. 

Figure 167 and Figure 168 show very little difference between an hour after the last dredge and six days later at 
the end of the simulation. The only changes (i.e. a reduction in sediment thickness) involve a narrow band 
(<100m in width) hugging the coastline around Porth-y-pistyll between Porth Wnal and the area to be 
designated as the MOLF. There are also very slight decreases in sediment thickness in discrete areas to the 
north east of Cemlyn Bay. 
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Figure 167Predicted sediment thickness one hour post dredging at end of 17 July-21 August simulation 

 

 

Figure 168 Predicted sediment thickness post dredging (+6 days) at the end of the simulation- 27 August.  
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13.8.3 Construction drainage- worst case suspended solids  

The mid depth, worst case suspended solids concentration data for the peak 1 in 2 storm flows with a 1 in 30 
peak storm flow are plotted in Figure 169 (end of simulation, representing a 2-week period) and Figure 170 (end 
of a 1 in 30 storm event part way through the simulation). The scenarios are a worst case owing to the use of 
peak flows during the simulation, assumption of no vegetation on all mounds within the Wylfa Newydd 
Development Area, as well as the absence of wind or waves during the simulation. 

The maximum predicted concentration is 0.106 kg/m3 which falls within the extreme lower end of the Water 
Framework Directive classification of turbid (i.e. 6 mg/l outside the intermediate turbid classification boundary). 
These areas classified as turbid were within close proximity to the outfall near Cerrig Brith covering an area of 
0.05ha. The ambient total suspended solids as recorded in situ between 2010 and 2016 (see appendix D13-1, 
Application Reference Number: 6.4.83) were classified as intermediate turbid. The low suspended solids 
concentrations predicted by the model over the wider area reflect the relatively low flux of silt from the drainage 
discharges and the high levels of dilution in the bays either side of Wylfa Head.  

 

Figure 169 A worst case end of model simulation: a 1 in 2 storm with a 1 in 30 storm event part way through (no wind or waves) 
construction drainage suspended solids concentration (kg/m3). Blanked out area represents the main coffer dam area. 

After the storm event (Figure 170), there was an increase in both the extent of areas of elevated suspended 
solids concentration adjacent to the outfalls, and the maximum suspended solids concentration (0.115kg/m3), 
although the latter is still within the extreme lower end of the WFD turbid classification (the area within this 
classification totalled 0.22ha). 
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Figure 170 A worst case model simulation: part way through model simulation at the end of 1 in 30 storm event (no wind or 
waves) construction drainage suspended solid concentration (kg/m3). Blanked out area represents the main coffer dam area. 

13.8.4 Construction drainage- worst case deposition of suspended solids  

The predicted thickness of suspended solids deposited on the bed as a result of the construction drainage at 
the end of the worst case modelling simulation is plotted as Figure 171. 

It should be noted that the sediment thicknesses presented are a worst case as they do not incorporate wind or 
wave stress and are for a 1 in 2 storm event with a 1 in 30 storm  peak flows occurring mid-way through with 
mounds unvegatated. The figures show there to be very low levels of deposition of suspended material from the 
construction drainage discharges over the majority of area towards Cemlyn Lagoon (<0.2cm). There is an area 
of higher deposition around Cerrig Brith, partly as a result of the breakwater, which in reality would not reach the 
sediment depth indicated (<6.3cm) as there would be the added dispersion owing to wave action.  The coupled 
hydrodynamic and wave modelling studies have shown that for wave conditions which represent typical winter 
and higher (98 percentile) waves, bed shear stress in the near shore is dominated by the wave induced stress.  

According to the MarLIN Marine Evidence based Sensitivity Assessment (MarESA) criteria, deposition of up to 
5cm in a single event is classified as light smothering with heavy smothering being up to 30cm in a single 
discrete event (Tillin and Tyler Walters 2014; 2015a; 2015b). Deposition of up to 1cm in a single event is 
assumed to represent smothering comparable to natural events and the deposition within Cemlyn Bay 
(excluding the area of Cerrig Brith) is therefore considered to be of negligible magnitude.  This assumption is 
based on extensive literature which contains studies relating to natural sedimentation processes and ecological 
effects (Miller et al., 2002).    
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Figure 171 A worst case model simulation: end of model simulation for a 1 in 2 storm with a 24-hour 1 in 30 storm event part 
way through (no wind or waves) predicted thickness of deposited material (m). Blanked out area represents the main coffer 
dam area. 
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1 Introduction 

1.1 Background 

Horizon Nuclear Power Limited (HNP) proposes to build a new nuclear power station at Wylfa, on 
Anglesey.  Hydrodynamic models have been developed to support the consenting process for the 
impacts of the cooling water abstraction and discharge. These models will be used to predict impacts 
from conventional aspects only. 
 
In 2010, Environment Agency (EA) produced guidance (EA, 2010a) which outlined their requirements 
for the modelling that should be carried out for Nuclear New Build.  The guidance did not specify in 
detail the type of model(s) to be used or the modelling runs that are necessary, as the operator is 
expected to produce the detailed specification for the modelling, to be agreed with EA on a site-by-
site basis. The guidance did, however, define the main requirements that should be met when carrying 
out detailed modelling, as well as the requirement for model(s) to be independently audited and for 
an audit report to be provided.   
 
Since April 2013, EA responsibilities in Wales were transferred to Natural Resources Wales (NRW), as 
such, HNP assumes that NRW will also require a similar independent audit. 

1.2 Aim of audit 

The aim of this audit is to verify whether the cooling water discharge modelling carried out to date for 
Wylfa can be regarded as valid and fit for purpose. At this stage of the modelling studies the audit 
encompasses model setup and validation as well as the proposed modelling plan. 
 
ABP Marine Environmental Research Ltd (ABPmer) has been appointed by Jacobs, through their 
framework agreement with Horizon, to provide the independent audit for Wylfa.  The audit addresses 
the scope outlined below in Section 1.3 and is delivered according to the structure described in 
Section 2.   

1.3 Scope of audit 

The scope of the audit includes the following aspects: 
 

 Model build, calibration and validation. 
 

 The ability to predict the mixing of thermal and biocide discharges from the Wylfa Newydd 
power station and for conventional discharges only. 
 

 The consideration of coastal process impacts is limited to changes to bed shear stress only. 
 
In addition, the scope includes for comment on the suitability of the following, in so far as they 
influence the utility of the model for the prediction of thermal and biocide impacts: 
 

 Selection of wind. 
 

 Selection of surface heat transfer model. 
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 Intake and Outfall representation (general principles as audit may be undertaken before 

detailed designs are available). 
 

The scope of the audit does not extend to: 
 

 Model results. 
 

 Appropriateness of TRO decay rates. 

1.4 Audit process 

The audit process has been conducted in a phased approach.  

1.4.1 First phase 

The first phase of the audit has considered a set of existing technical reports on the modelling work 
completed to date and provided comment on various aspects of this work.  These comments were 
reviewed in a technical discussion on 10 February 2016 with the primary modeller (Andy Moores, 
RWE) and Jacobs Project Manager (Matt Robson), on behalf of HNP, to discuss key findings.  The 
initial audit report was finalised thereafter in March 2016. 

1.4.2 Second phase 

In May 2016, ABPmer was provided with a supplementary report from Jacobs to respond to the initial 
audit: 
 

Wylfa Newydd Project. Marine Hydrodynamic Modelling – Independent Audit: Supplementary 
Information. Jacobs, on behalf of Horizon Nuclear Power Limited. May 2016. 

 
A second phase of the audit process has reviewed the Supplementary Information to consider if 
comments from the first phase of the audit have been sufficiently addressed to close out issues or 
whether further clarifications might still be required. 
 
Initially, ABPmer provided feedback on the Supplementary Information in the form of a draft second 
phase audit report which was then discussed in a meeting on 27 July 2016 with the primary modeller 
(Andy Moores, RWE) and Jacobs Project Manager (Matt Robson), on behalf of HNP.  Subsequently, the 
Supplementary Information report was reissued as: 
 

Wylfa Newydd Project. Marine Hydrodynamic Modelling – Independent Audit: Supplementary 
Information. Jacobs, on behalf of Horizon Nuclear Power Limited. August 2016. 

 
The second phase audit report (this document) has now been finalised on the basis of the updated 
Supplementary Information.  Where additional comments are offered in the second review they are 
identified by “Second Review” and to reflect how the Supplementary Information has helped address 
issues.  Where the issue is considered to be closed out then this is identified as an issue which does 
not require further details or comment. 
 
In cases where the original comments are not followed by any new comments from the second review, 
then the original comments stand. 
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2 Specification of the Audit 

2.1 Specification 

The specification of the audit is based on the aims of the audit outlined in Section 1.3 and the generic 
requirements for the audit are as outlined in the following document: 
 

Specification for the Audit of Thermal Discharge Modelling, Environment Agency, Strategic 
Permitting Group (Bristol), 2006.  

 
For completeness the generic requirements are reproduced here, as follows: 
 
A) Model Selection and Validation 
 

1. Comment on the appropriateness of the modelling methodology used and whether this is “fit 
for purpose”. Include comment on possible alternative approaches and their validity in this 
particular case. 

 
B) Data Validation 
 

2. Assess whether any assumptions regarding input parameters made are reasonable and 
appropriate and are based on known science and the most up to date available data, 
Comment on any of the justifications included with respect to any of the assumptions made 
and the reasonableness of such assumptions and the likely relevant consequences of any 
errors in such assumptions. 

 
 This assessment should consider, but not be limited to, the suitability of the baseline data 

for sea temperatures, the age of such data used, and the suitability of this data to predict 
current and near future conditions. 

 
3. Comment on the availability of any other relevant data or observations for coastal thermal 

plume modelling that have not been included in the submitted model calibration/validation 
reports. Comment on the likely relevant consequences of not using such data and the impact 
on the final conclusions made. 

 
 This should include comment on whether any defaults have been used and if so has their 

use been recorded. Have such defaults been used in place of real data that may be 
available, and has the use of such defaults been justified. 

 
C) Model Verification 

 
4. Confirm or otherwise whether any verification of the model has been undertaken. Where no 

verification has been undertaken, comment on the justification for this. Where verification has 
been undertaken make comment on, but not limited to, the following: 
 
 Were appropriate verification checks made? 

 
 How well did the model replicate data? 
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 What discrepancies were identified compared to data (if any)? 
 
 What changes were made to the model to resolve any discrepancies? 

 

 Has any sensitivity analysis been undertaken to assess the impact on the predictions for 
uncertainties in input data or model parameters (e.g. grid geometry/grid scale/freshwater 
flow)? 

 

 On completion of the verification of the model, was the replication of real data deemed 
good enough for the model to be considered “fit for purpose”? What criteria were used to 
arrive at this conclusion? 

 

 Comment on the appropriateness of the hydrodynamic survey commissioned by HNP. 
 
D) Fitness for Purpose 
 

5. Comment on the overall fitness for purpose of the model. 
 

2.2 Review documents 

Table 1 provides a schedule of documents which have been considered in the initial phase of the 
audit, and Table 2 for the second phase. 
 

Table 1. Wylfa modelling reports – initial phase 

Title Revision Reference Date Pages 
Hydrodynamic Modelling for Wylfa: Modelling Scope 0.3 WYL-PD-PAC-REP-00003 2012 30 
Hydrodynamic Modelling for Wylfa: Initial CORMIX study of 
a CW discharge to the West of Wylfa Head 

0.1 WYL-PD-PAC-REP-00005 2011 11 

Hydrodynamic Modelling for Wylfa: Wind and Heat Transfer  0.2 WYL-PD-PAC-REP-00007 2012 21 

CORMIX analysis summary 
 

Memorandum 2015 16 

Selection of wind sensitivity conditions 
 

Memorandum 2015 4 

Surface heat flux modelling - change of methodology v1 v1 Memorandum 2015 6 

Hydrodynamic modelling for Wylfa: Phase 1 Calibration 
Study 

0.1 WYL-PD-PAC-REP-0009 2011 51 

Wind and Heat Transfer at Wylfa: Conditions to be used in 
hydrodynamic modelling 

Issue: 1 ENV\447\2011 2011 13 

Wylfa Hydrodynamic Survey: Development of a statistical 
model of seawater temperature 

0.1 WYL-PD-PAC-REP-00012 2010 19 

Wylfa Hydrodynamic and Water Quality Modelling: Phase 2 
Model Build, Calibration and Validation 

0.1 WYL-PD-PAC-REP-00015 2015 99 

Marine Modelling and Assessment Methodology: Wylfa 
Newydd Project 

0.2 Horizon-S5-PAC-Rep-00033 2014 55 

Hydrodynamic Modelling for Wylfa: Validation Study. 
Comparison of model predictions to Infra Red and Plume 
Survey results 

0.2 WYL-PD-SDT-REP-00043 2015 60 

Horizon Nuclear Power (Wylfa) Ltd.  Consultancy Report: 
Wylfa Water Quality Surveys Report 2013 

1 W202.01-S5-PAC-REP-00008 2014 24 

CS0286 Wylfa Oceanography Interpretive Report 
 

WYL-TES-PAC-REP-00024 2012 136 
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Table 2. Wylfa modelling reports – second phase 

Title Revision Reference Date Pages 

Marine Hydrodynamic Modelling – Independent Audit: 
Supplementary Information. 

0.0 60PO8058 
May 
2016 

92 

Marine Hydrodynamic Modelling – Independent Audit: 
Supplementary Information. 

0.1 60PO8058 
August 
2016 

95 

Wylfa Hydrodynamic Model. Sensitivity Studies: Salinity.  R11031 2011 16 

 
In addition, consideration has also been made to the following supporting documents and drawings: 
 

 Horizon Nuclear Power, 2015.  Hydrodynamic and Wave Modelling presentation, dated 17 
December 2015. 
 

 Horizon Nuclear Power, 2009.  Environmental Impact Assessment Scoping Report.  Proposed 
Nuclear Power Station at Wylfa Anglesey, North Wates.  November 2009. 
 

 Infrastructure Planning Commission, 2010.  Scoping Opinion.  Proposed Nuclear Power 
Station at Wylfa, Anglesey.  April 2010. 
 

 MOLF and Breakwater General Arrangement Drawing.  MD-400-AR-001. 31 January 2015. 
 

 Horizon Nuclear Power Wylfa Limited.  Wylfa Nuclear Power Plant (FEED).  Drawing: 310QC85-
330. 14 February 2014. 
 

The following documents have not been available for the review: 
 

 Horizon Nuclear Power, 2011.  Hydrodynamic Modelling for Wylfa: Sensitivity to number of 
layers and grid size study. 
 

 Horizon Nuclear Power, 2011.  Hydrodynamic Modelling for Wylfa: Wave enhanced mixing.  
WYL-PD-PAC-REP-00012. 
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3 Overview of the Proposed Marine 
Infrastructure 

HNP is planning to develop a new nuclear power station on the north coast of Anglesey, a site known 
as Wylfa, and at a location adjacent to the Magnox Wylfa ‘A’ nuclear power station, which ceased 
operating at the end of 2015.   
 
The new nuclear power station will use a cooling water system with marine abstraction and discharges 
and a marine off-loading facility (MOLF). 
 
The new cooling water (CW) intake is likely to be located to the east of Wylfa Head in Cemaes Bay, 
and the new outfall to the west in Porth Wnal.  Proposed intake and outfall locations, discharge and 
abstraction values are considered indicative at the present time. 
 
Current plans for the MOLF involve new structures from Porth y Gwartheg to Porth-y-pistyll (Drawing: 
MD-400-AR-001): 
 

 Seaward reclamation to create a 200 m long quayside and bulk vessel berth; 
 Seaward reclamation to create a 100 m long quayside and Ro-Ro berth; 
 Local dredging for a new shipping channel; 
 75 m long East Breakwater; and 
 540 m long West Breakwater. 

 
Inevitably, the combination of these structures will lead to some local changes in wave and tides that 
are not described by any baseline surveys. 
 

 

Figure 1. Overview of local coastline and location of Wylfa ‘A’ 
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3.1 Scoping report 

The EIA Scoping Report, produced in November 2009, highlights the types of infrastructure proposed 
for the development and offers some conceptual layouts, but does not provide any specific details at 
this time.   

Section 4.3.3 identifies the key potential impacts for construction and of marine infrastructure and the 
also operational phase issues related to abstraction and discharge of cooling water.  The thermal 
discharge is also identified as being as much as 14°C warmer (than ambient), thus resulting in plume 
related thermal impacts. 

Section 4.3.4 identifies the intention for new surveys to establish the baseline understanding and 
support modelling studies to examine the potential impact on the marine environment associated 
with the proposed development.  A high resolution 3-D mid-field model is noted as being under 
development at this time. 

3.2 Scoping opinion 

The corresponding Scoping Opinion, provided in April 2010, sets out a range of expectations for the 
assessment of the marine environment.  Paragraph 4.22 identifies an expectation “for detailed 
information to inform the choice of the location for the marine offloading facility and for the cold water 
(CW) intake and outfall”. 
 
The response provided by Cefas emphasises the requirement for “a robust calibration and validation 
procedure”.  They also mention that “the measurement, modelling and implications of non-tidal forcing 
will be key in assessing the alteration of the “tidal/biocide” plume”.  In addition, they identify that “the 
high resolution numerical models need to be sufficiently high resolution in order to correctly resolve 
small scale eddies shed by headlands, etc.” 
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4 Model Selection and Validation 
Comment on the appropriateness of the modelling methodology used and whether this is “fit for 
purpose”. Include comment on possible alternative approaches and their validity in this particular 
case. 

4.1 Overview 

For this part of the review, the following topics have been considered: 
 

 Technical requirements for the model 
 The approach to applying the model 
 The approach to proving the model 

 
The reviewer considers that the minimum requirement for a modelling assessment of a thermal 
discharge of this type is a well-resolved advective flow with sufficient detail through the vertical to 
ensure that dispersion and mixing process for a large buoyant plume are properly described in both 
the horizontal and vertical, and with a capability to account for heat exchange between the water 
surface and atmosphere.  Furthermore, the well-resolved advective flow requires that a suitable range 
of representative driving conditions is considered to capture behaviour of the plume and to inform 
the likely magnitudes and frequencies of potential environmental impacts across the area of 
investigation.  
 
Accordingly, the nature of the discharge (i.e. large flow rates and high excess temperature) requires a 
3D description with suitable options to describe the heat exchange process. 

4.2 Wylfa modelling 

The Hydrodynamic and Wave Modelling presentation (HNP, 2015) provides a useful summary of the 
various stages of model development and the key dates when interactions have taken place in the 
period February 2010 through to January 2015 with various organisations, including CCW, EA and 
NRW. 
 
The following are noted: 
 

 There have been three phases of model development (Phase 0, 1 and 2). 
 

 Model selection (Phase 0) considered various options and Delft3D was selected after an 
alternative option based on POLCOMS was dismissed. 
 

 Model development based on Delft3D started in 2010 (Phase 1) and with an outer model 
domain covering North Wales and Liverpool Bay and a local nested grid across the area of 
interest. 

 
 The present phase (Phase 2) applies a smaller outer model domain with the aim to improve 

model efficiency.   
- The reduced outer model domain, in comparison to Phase 1, covers an area of 90 by 90 

km with Wylfa in a central part of the model.  This outer domain is resolved in 2D with a 
uniform horizontal grid size of 350 m.  Within this outer domain there appears to be two 
levels of nesting.  The first level covers an area of 14 km east to west and 5 km offshore 
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with a horizontal grid size of 70 m.  The final level is a local nest to Wylfa which is 5 km 
east to west and 0.5 km offshore (North of Wylfa Head), with a horizontal gird size of 
23 m.  Accordingly, the ratio of grids is in the horizontal nesting is 1 : 3 : 5, from largest to 
smallest. 

- The presentation does not specifically describe the structure of the vertical plane. 
 

 The modelling work is supported by a range of survey data to help build and prove the 
performance of the model. 
 

 The Phase 2 model provides the intended basis for EIA studies of thermal plumes. 
 
A more detailed evaluation of the Phase 2 Wylfa model is offered in the following sections. 

4.2.1 Model types 

Delft3D is a recognised mid-field coastal modelling tool with capabilities that enable examination of 
thermal plumes beyond the initial mixing zone (near-field) of discharges (EA, 2010b).  This tool has 
recently been applied for similar work to investigate thermal plume dispersion for the new nuclear 
facility at Hinkley, as well as supporting studies at Sizewell and Bradwell.  Delft3D can be considered as 
a valid tool for the case of examining thermal plumes from Wylfa so long as the tool is applied 
correctly and demonstrated to perform with a suitable level of confidence for the area of interest. 
 
Delft3D provides the option to resolve hydrodynamics and advection / dispersion processes as a 2D 
depth average solution or as a 3D (layered) solution.  Present versions of the model can be applied 
using a regular orthogonal or curvilinear grid structure for the horizontal plane, and the option to 
define the vertical plane using sigma co-ordinates. 
 
Sigma co-ordinates split the vertical plan into a defined number of horizontal layers which are 
assigned to a relative percentage of the water column.  In areas with large tidal ranges this means the 
layers expand and contract as a function of variation in total water depth.  In areas where there is a 
strong gradient in the slope of the seabed, then adjacent computational grid cells may have different 
“volumes” and artificial vertical numerical diffusion may occur.   
 
A similar issue may arise when using a curvilinear approach for the horizontal grid structure and for 
cases where the size of adjacent grid cells differs to a large degree creating a different “volume”.  In 
this case artificial horizontal diffusion may occur. 
 
For a marine discharge, the outfall flow rate is added to a specific grid cell and vertical layer, and the 
flow can be assigned a specific direction and momentum, if required.  However, Delft3D is not a near-
field model which examines initial mixing, so a model such as CORMIX is required to provide this 
facility (EA, 2010b).  CORMIX is part of the current Wylfa modelling approach. 
 
Delft3D provides various options to represent heat exchange between the surface of a water body and 
the atmosphere, including absolute and excess temperature approaches.  According to the Delft3D 
User Manual: “When modelling the effect of a thermal discharge, it is often enough to compute the 
excess temperature distribution and decay”. 
 
As well as Delft3D, there are other recognised mid-field models available for this type of application 
which are equally valid.  This includes: MIKE-3, Telemac-3D and GETM (General Estuarine Transport 
Model), amongst others. 
 
Apart from the technical capability of each of these models, their usefulness in supporting any 
technical investigations relies upon an intelligent basis of model design, validation and application 
supported by suitable field data.  
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5 Data Validation 
Assess whether any assumptions regarding input parameters made are reasonable and appropriate 
and based on known science and the most up to date available data, Comment on any of the 
justifications included with respect to any of the assumptions made and the reasonableness of such 
assumptions and the likely relevant consequences of any errors in such assumptions. 
 

 This assessment should consider, but not be limited to, the suitability of the baseline data for 
sea temperatures, the age of such data used, and the suitability of this data to predict current 
and near future conditions. 

5.1 Observational data 

5.1.1 Oceanographic survey 

The primary observational data available to support verification of the hydrodynamic model includes 
the new oceanographic surveys collected by Titan over a 20 month period between July 2010 and May 
2012, to understand temporal and spatial variability in the short term and the longer term due to 
seasonal effects.  This data is reported in: 
 

Titan (2012).  CS0286. Wylfa Oceanography Interpretative Report.  WYL-TES-PAC-REP-00024. 
 
The survey provided four fixed point current meter deployments, referred to as: 
 

 S2 – an offshore mooring, north of Wylfa Head. 
 S4 – an inshore mooring, north of Wylfa Head. 
 S9 – a central western location in Cemlyn Bay. 
 S11 – a central eastern location in Cemaes Bay. 

 
The suite of measurement parameters at each location includes; vertical profiling of flows, water levels, 
waves, fixed height Conductivity-Temperature-Depth (CTD) and optical backscatter observations, 
near-surface temperature and local seabed grab samples.  The relative height of the temperature 
probes on these instruments is important in terms of providing either an ambient seawater 
temperature or a measure which may be influenced by the existing thermal plume from Wylfa ‘A’. 
 
The comparison between near surface and near bed temperatures is presented for S4 only.  This 
evidence enables the determination of temperature excess above ambient at this location and at times 
when there is a visible spike (associated with the thermal plume) in the near surface temperature 
relative to the near bed equivalent measurement.  This spike is up to 2.5°C above background. 
 
In addition, the survey also obtained inshore bathymetry, tidal excursion drogue paths (inc. near 
surface temperature measurements), dye releases, and a vessel mounted ADCP transect of flows 
(including additional mobile vertical CTD profiles) to consider complex headland generated flow 
patterns within the local embayments.  The mobile vertical CTD profiles are useful in identifying the 
vertical signature of the existing thermal plume from Wylfa ‘A’, which appears in the upper 4 to 6 m of 
the water column. 
 
This survey appears to be comprehensive and suitable for the purpose of providing a suite of 
contemporary baseline data to help validate the hydrodynamic model.  In particular, the dye tracking 
and thermal plume surveys provide useful data to validate the advection dispersion model.   
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The survey includes a multitude of temperature observations which characterise the spatial and 
temporal variation in local conditions relevant to a previous baseline when Wylfa ‘A’ was operating.  
This data remains useful for the present baseline in terms establishing seasonal variations in the 
ambient temperature.  The previous baseline with Wylfa ‘A’ operating offers good validation evidence 
for this former discharge and to help demonstrate the performance of the advection dispersion and 
heat flux model. 
 
Suggested opportunities to improve the interpretative report include: 
 

 Further presentation of comparisons between near surface and near bed temperature 
measurements for S2, S9 and S11. 
 

 A discussion of wind influence on the observed flow speeds and directions, especially in 
relation to summer and winter VMADCP results, as well as the dye tracking, drogue releases 
and thermal plume surveys. 
 

 Confirmation of survey lines for inshore bathymetry and the shallow water limit of the survey. 
 

 Confidence limits for all outputs, especially SSC concentrations derived from best fit 
relationships.  The confidence limits in the validation data remain important, as a model 
cannot be proven to any greater level of confidence than the observational data which results 
are compared against. 
 

 Present results of the dye tracking survey and with consideration of local wind conditions. 
 

 Consideration to redeploy S9 to obtain present baseline flows (post Wylfa ‘A’ conditions). 
 

This data appears to support Phase 2 modelling only. 

Second Review 

The previous recommendation to redeploy S9 is no longer required given the much improved level of 
comparison achieved between the original measurements and modelled values of current speed and 
direction now presented in Figures 64 to 71 of the Supplementary Information.  This improvement has 
been attributed to a previous error in the date stamp of the measurements. 
 
Figures 27b to 27d of the Supplementary Information also show further improvements in the model’s 
ability to reproduce flows in the vicinity of the Wylfa ‘A’ outfall by comparison with an earlier set of 
measurements of local flow from a CEGB survey.  This issue is discussed in further detail in Section 
6.3.11.  

5.1.2 Other oceanographic data 

There have been two phases of modelling with Phase 2 being the current phase and is believed to 
have superseded all work done in Phase 1, although some of the validation data remains common to 
both phases. 
 
Apart from the oceanographic survey, other data have been used to help validate the models.  This 
includes: 
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 CEGB 1985 survey data comprising 3 long term current meter deployments and a number of 
vertical profiles. 
 

 Water level predictions from Tidal Viewer for 5 sites along the North Wales coast. 
 

 Water level observations from a temporary tide gauge installed at the existing intake jetty 
from March 2010 to February 2011. 
 

 Tidal diamonds from Tidal Viewer for 4 sites across Liverpool Bay. 
 

 Local measurements in Menai Straits. 
 

 BODC current meter deployments for a single location in Liverpool Bay, with measurements at 
3 depths below sea surface (2, 6 and 11 m) in a water depth of 24 m. 
 

Information generated by Total Viewer for water levels is not a true observation and is considered to 
be a “synthetic estimate” generated using a basic set of harmonic constituents.  Accordingly, this type 
of data needs to be considered of a lesser value than any equivalent measured data.  Information 
generated by Total Viewer for tidal diamonds is considered to be of a similar type and value, noting 
tidal diamonds are a basic indicator provided as a navigational aid and are representative of the upper 
water column. 

 
This data appears to support Phase 1 modelling only. 

5.2 Other relevant data 

Comment on the availability of any other relevant data or observations for coastal thermal plume 
modelling that have not been included in the submitted model calibration/validation reports. 
Comment on the likely relevant consequences of not using such data and the impact on the final 
conclusions made. 
 
This should include comment on whether any defaults have been used and if so has their use been 
recorded. Have such defaults been used in place of real data that may be available, and has the use of 
such defaults been justified. 

5.2.1 Other temperature data 

Cefas operates a Data Hub which provides access to long term sea temperature and salinity trends 
around the UK.  Data sites can be identified using the following web address: 
https://www.cefas.co.uk/cefas-data-hub/sea-temperature-and-salinity-trends/station-positions-and-
data-index/ 
 
Figure 2 identifies the available data coincident with the model domain used in Phase 1, and inclusive 
of the sub-area consistent with Phase 2 modelling.  Table 3 summarises key attributes for the 4 
locations within the model domain. 
 

https://www.cefas.co.uk/cefas-data-hub/sea-temperature-and-salinity-trends/station-positions-and-data-index/
https://www.cefas.co.uk/cefas-data-hub/sea-temperature-and-salinity-trends/station-positions-and-data-index/
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Table 3. Long term temperature observations 

No. Location Source Latitude / Longitude Start / end date Status 

34 Wylfa PS BNFL, CEGB 53.416N 4.483W 8/1967 – 12/2007 Daily / Ended 

35 Amlwch 

Great Lakes UK Ltd., 
The Associated Octel Co. Ltd. 

53.416N 4.333W 1/1964 - 1/2004 Monthly Means / Ended 

36 Moelfre Cefas 53.350N 4.233W 1/1966 Daily / On-going 

37 Bangor  Cefas 53.234N 4.135W 1/2011 Daily / On-going 

 
All sites are considered relevant, but Station 34 is of particular interest to the present modelling 
studies.  The following details are available from the website: 
 

 Monthly mean sea temperature from 1967 to 2007 
 Monthly climatic average for period 1971 to 2000 
 Annual average temperature and trend for the period 1971 to 2000 

 
This data is regarded as being complimentary to the oceanographic survey observations; however, the 
relative depth of any measurement is unknown at this time as well as the relative influence from any 
local thermal discharge.  The thermal plume from Wylfa ‘A’ may therefore provide some local bias to 
measurements at Site 34, which may limit the information being used directly to develop any 
background ambient temperature. 
 
Sites 35 and 36 are indicated to be “on-going” and therefore can offer contemporary data to overlap 
with pervious baseline conditions captured by the recent oceanographic surveys, as well as the 
present baseline (i.e. post Wylfa ‘A’). 
 
Reference is made to the long term data from Site 34 in the following report: 
 

HNP (2010). Wylfa Hydrodynamic Survey: Development of a statistical model of seawater 
temperature.  WYL-PD-PAC-REP-00012. 

 
This data is offered in terms of deriving monthly and annual statistics to “add” to modelled 
temperature excess results for the new outfall and to help derive an equivalent absolute temperature 
value.  However, since the sample location and period would appear to be inclusive of the operation 
of Wylfa ‘A’, then the influence of the local thermal plume is likely to remain within these observations.   

Figure 2. Location of long term temperature monitoring sites 

https://www.cefas.co.uk/cefas-data-hub/sea-temperature-and-salinity-trends/presentation-of-results/station-34-wylfa-ps/
https://www.cefas.co.uk/cefas-data-hub/sea-temperature-and-salinity-trends/presentation-of-results/station-35-amlwch/
https://www.cefas.co.uk/cefas-data-hub/sea-temperature-and-salinity-trends/presentation-of-results/station-36-moelfre/
https://www.cefas.co.uk/cefas-data-hub/sea-temperature-and-salinity-trends/presentation-of-results/station-37-bangor/
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The recommendation from the initial review requested a discussion on this potential influence on data 
from Site 34 and also to consider the adjacent measurements from Amlwch (Site 35), should these be 
further away and beyond any influence from the Wylfa ‘A’ plume. 

Second Review 

Section 2 of the Supplementary Information offers a comparison between Wylfa and Amlwch 
temperature values to suggest that the Wylfa record remains as the preferred surrogate for the 
natural seawater temperature because natural variation in ambient is greater than the (potential) 
influence of the (former thermal) discharge on the observed temperature at Wylfa. 
 
This second review has also considered the available data and notes the following: 
 

 Amlwch is an industrial headland with marine discharges (anthropogenic influences), although 
the nature of these discharges are unknown to the review process at this time. 
 

 Both Amlwch and Wylfa are on the north coast of Anglesey and would expect to experience 
similar variations in seasonal heating and cooling in seawater. 
 

 The long-term monthly mean temperature data presented in Figure 3 shows a consistent 
higher temperature at Wylfa in comparison to equivalent data at Amlwch, as expected.  This 
increase is as much as 0.9°C in the period March and April down to 0.0°C in October. 
 

 The difference between Wylfa and Amlwch mean temperatures may also be evidence of the 
influence of a variable heat loss rate and a pattern which tallies well with estimates of seasonal 
heat loss coefficients (Jacobs, 2015b), with lowest values in spring and highest values in 
autumn. 

 

 

Figure 3. Comparison of long term monthly mean water temperatures 
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Whilst the Supplementary Information correctly asserts that natural variations are greater than the 
differences due to any local warming from a thermal plume, the additional comparison offered here 
helps to illustrate the likely influence of a thermal plume on increasing the ambient temperatures and 
the relevance of a variable heat loss rate 
 
No further details required, however, refer to Section 7.5. 

5.3 Other hydrodynamic data 

5.3.1 Tide gauges 

Apart from the tide gauge information referred to in Section 5.1.2 and 5.1.2, there are measured data 
also available from both Holyhead and Llandudno, as part of the UK Tide Gauge Network (Figure 4).  
This data is freely available and is considered to be superior in quality to any tidal prediction based 
equivalent. 
 

 

Figure 4. UK tide gauge network 
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Second Review 

Section 12 of the Supplementary Information provides a consideration of model performance relative 
to measured water levels from Holyhead.  The evidence presented suggests performance within the 
applied performance guideline values (EA, 1998) for tidal range.  Some comment is made about the 
timing and magnitude of high and low water, but no specific quantification of model performance in 
reproducing tidal phase is offered. 
 
Within the overall modelling scheme the opportunity still remains to include comparisons at 
Llandudno, as this site also remains within the Outer (350 m) grid, however, this would mostly likely 
only serve to help validate boundary conditions. 
 
No further details required. 

5.3.2 Current meter observations 

Whilst Phase 1 modelling made use of a single BODC data location in Liverpool Bay, Figure 5 shows 
the distribution of other locations which are closer to Wylfa and potentially more applicable to the 
Phase 2 model domain.  These sites remain useful in terms of demonstrating model performance over 
a wider area, especially those shown to be present of the north coast of Anglesey and for the likely 
footprint of tidal excursion from any thermal plume suggested by the drogue observations. 
 

 

Figure 5. Location of available BODC records 

Second Review 

Section 13 of the Supplementary Information provides a consideration of model performance relative 
to seven flow stations across the wider area, with comparison to data obtained from BODC.  The 
intention of considering these additional data points was to demonstrate confidence in the tidal 
model over a wider area than demonstrated thus far.  The majority of sites considered appear to fall 
within the 2D Outer Model Grid, hence, limiting comparison to depth average flows only. 
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(a) Site 636869 is a near-bed deployment but the comparison to equivalent modelled data is 
offered against depth average values without any attempt to re-scale to equivalent depth of 
measurement.  The presented comparison of direction is difficult to interpret. 

 
(b) Site 636882 is noted to suffer from knock down and also with values that are likely to be given 

in BST rather than GMT.  The data has not been cleaned or corrected in any manner which 
limits the value of further comparison with the model.  Without cleaning or correcting the 
data, the comparison should not be offered. 

 
(c) Sites 14695/15778 represent a mid-depth and near-bed measurement in the water column 

from one mooring.  Only the mid-depth measurement from 14695 is compared with a depth 
average value from the model.  The phase, amplitude and direction comparisons are generally 
good with quantification of difference offered for flows only. 

 
(d) Site 49751 is noted to include irregularities and no further comparisons are offered.  Accepted 

practice is to reject poor quality data. 
 
(e) Site 15987 offers an approximate mid-depth record to enable a fair comparison with depth-

average flow values from the model.  The presentation of directions and flow speeds shows a 
very good fit, and comparisons are quantified in relation to the equivalent guidance values.  
Phase difference is the only parameter not quantified. 

 
(f) Site 16099 is a further record which approximates a measurement of mid-depth flow speeds 

and directions.  The presentation of information contains too many records for a clear 
comparison between modelled and measured values. 
 

Summary 
 
The most appropriate BODC records to accept to help demonstrate the performance of the model are 
those measurements which approximate a mid-depth position and where the quality of the 
information is not flagged with any issues.  Hence, Sites 14695 and 15987 are to be considered as 
most appropriate.  The remaining data should not be considered as part of model proving and can be 
filtered out on grounds of insufficient quality or limited applicability.  The additional consideration of 
model performance at Sites 14695 and 15987 helps to add confidence to the Outer Grid and the far-
field, noting that this model supports issues where the advection of material from the Inner Grid 
passes through to the Middle and Outer Grids. 
 
No further action required.  
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6 Model Verification 
Confirm or otherwise whether any verification of the model has been undertaken. Where no 
verification has been undertaken, comment on the justification for this. Where verification has been 
undertaken make comment on, but not limited to, the following: 
 

 Were appropriate verification checks made? 
 How well did the model replicate data? 
 What discrepancies were identified compared to data (if any)? 
 What changes were made to the model to resolve any discrepancies? 
 Has any sensitivity analysis been undertaken to assess the impact on the predictions for 

uncertainties in input data or model parameters (e.g. grid geometry/grid scale/freshwater flow)? 
 On completion of the verification of the model, was the replication of real data deemed good 

enough for the model to be considered “fit for purpose”? What criteria were used to arrive at this 
conclusion? 

 Comment on the appropriateness of the hydrodynamic survey commissioned by HNP. 
 

6.1 Verification process 

6.1.1 General comments 

Model verification conventionally involves two activities: 
 

(i) Calibration – the process of defining and tuning model coefficients to reproduce a set of 
observational data to an agreed level of precision. 
  

(ii) Validation - the process of demonstrating the robustness of a calibrated model, without 
further adjustments, against a set of observational data not used previously for model 
calibration. 

 
A calibration report would describe both aspects and present the achieved level of precision against 
observational data and discuss the overall confidence levels in the model’s ability to reproduce the 
required processes.  Importantly, a model would be considered to remain “in bounds” for applications 
that were within those demonstrated through calibration, but “out of bounds” for events that 
exceeded those of calibration. 
 
The process of agreeing an appropriate level or target of precision would expect to involve the 
regulatory bodies which have an interest in this work, as might be the calibration metrics that were 
required.  In addition, the performance thresholds for any model output should recognise the 
associated performance levels of the observational data that the output is being compared against.  
For example, if the observational data is quoted to a value of 100 and has confidence limits of ± 10, 
then a model output that remains within the confidence limits of the equivalent observational record 
should be deemed a fit within the stated tolerances, i.e. within the range of 90 to 110, in this example. 
 
Where there are distinct parts in the model verification processes, such as proving hydrodynamics 
(HD) and proving advection dispersion (AD) models; then the structure of the calibration report is 
expected to recognise the same distinctions. 
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6.2 Phase 1 calibration 

Phase 1 calibration is reported in: 
 

HNP (2011).  Hydrodynamic Modelling for Wylfa; Phase 1 Calibration Study.  WYL-PD-PAC-
REP-00009. 

 
The modelling structure comprises a large area 2D depth-average model covering Liverpool Bay and 
Anglesey using a grid size of 350 m, and a local 3D grid with a horizontal grid scale of 60 m and 10 
layers in the vertical (unspecified distribution). 
 
The performance of this model is demonstrated against sets of existing hydrodynamic data which 
precede the oceanographic survey (see Section 5.1.2). 
 
As this model is essentially superseded by the Phase 2 model, then no further comments are made on 
model performance, aside from the ability of the 2D model to develop suitable water level boundaries 
for Phase 2. 

6.2.1 Water levels 

The performance of the model in reproducing water levels is considered here at three locations only;  
 

(i) Llandudno, which is close to the southern end of the eastern boundary in the Phase 2 
model. 
 The performance of the model at this location, as compared to other “synthetic” data, 

is generally good. 
 

(ii) Holyhead, which is the location closest to the western bound in the Phase 2 model. 
 The performance of the model at this location is generally good, although there are 

noticeable under-representations of high and low waters in comparison to the 
synthetic prediction from Tidal Viewer. 
 

(iii) Intake Jetty, which is closest to Wylfa. 
 The performance of the model, as compared to real observations, is generally good. 

 
The demonstration of model performance at other sites is considered to be less relevant given the 
Phase 2 model takes precedence. 

6.2.2 Flows 

The performance of the model in predicting flows is demonstrated at several sites, and notably at two 
locations around Wylfa Head based on CEGB surveys from 1985.  The type of equipment used in 1985 
is unspecified but is likely to have been a single point measurement at a specific height above the 
seabed. 
 

(i) C1 is in Cemlyn Bay to the west of Wylfa Head 
 
 The general flow pattern appears to be reproduced by the Phase 1 model to a 

reasonable level.  The performance of the model in Cemlyn Bay has relevance to 
defining ambient conditions for the application of CORMIX reported in HNP (2011). 

 
(ii) C2 is in Cemaes Bay to the east of Wylfa Head. 
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 The flow pattern is more erratic in comparison to C1 and the model does not appear 
to reproduce this well. 

 
The demonstration of model performance for flows at other sites is considered to be less relevant 
given the Phase 2 model takes precedence. 

6.3 Phase 2 calibration 

Phase 2 calibration is reported in: 
 

HNP (2015).  Wylfa Hydrodynamic and Water Quality Modelling: Phase 2 Model Build, 
Calibration and.  WYL-PD-PAC-REP-00015. 

6.3.1 Grid structure 

The modelling structure adopted in Phase 2 appears to supersede all previous modelling described in 
Phase 1.  As summarised in Section 4.2 previously, the structure of the Phase 2 model comprises of 3 
grids which are dynamically linked using the Domain-Decomposition approach. 
 
The largest “Outer” grid has a uniform horizontal grid scale of 350 m and covers a wide area centred 
around Wylfa.  This appears to be a 2D depth average grid.  The boundaries for the Outer grid are 
described as being derived from the Phase 1 2D model and as astronomical constituents for water 
levels. 
 
A “Middle” grid is nested within the Outer grid and this extends for the majority of the northern 
coastline of Anglesey.  The uniform horizontal resolution of this grid is 70 m.  This appears to be a 3D 
grid. 
 
The finest grid is the “Inner” grid which is nested within the Middle Grid.  The uniform horizontal grid 
resolution is 23.33 m.  This grid is centred on Wylfa and appears to sufficient in extent to capture 
plume excursions to the east and west.  The northern boundary is relatively close to Wylfa Head.  If the 
plume were to flux in and out of the Inner grid across this boundary then there is a chance of some 
numerical distortion if the plume was to upsize at the ratio of 3 to 1.  I.E. concentrations in the Inner 
grid passing to the Middle grid would “expand” to fill the larger grid and be “diluted” by the larger 
grid size.  In addition, confirmation is required on whether the measurement location S2 falls outside 
of this grid. 
 
Accordingly, the associated nesting is a ratio of 1 : 5 : 3 from largest to smallest grid sizes. 
 
The description of 3D is provided by sigma layers for the Middle and Inner grids only and based on 10 
sigma layers which offer highest resolution for the near surface and near bed parts of the water 
column.  The explanation given for this distribution is to reproduce the (near-bed) velocity profile due 
to bed friction and the (near-surface) due to wind induced shear stress.  The explanation makes no 
comment about enabling a good representation of the buoyant thermal plume in the upper part of 
the water column. 
 
Finally, whilst the grid structure is explained in terms of maintaining computational efficiency the 
consideration of sensitivity to alternative grid structures and vertical layers is not provided.  
Information in the following report (not provided) may be useful in this respect: 
 

HNP (2011).  Hydrodynamic Modelling for Wylfa: Sensitivity to number of layers and grid size 
study.   
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Second Review 

Section 5 of the Supplementary Information provides the rationale for the three model grids (Outer, 
Middle and Inner) and their associated grid scales.  The dynamic link between grids is stated to be 
achieved through the domain decomposition approach. 
 
Whilst the east to west extent of the Inner Grid is likely to represent appropriate scales such that 
sufficient mixing has already occurred as a plume fluxes across these boundaries, the northern 
boundary of the Inner Grid is seemingly much closer to the location of the outfall leading to the 
potential for some distortion in mixing conditions. 
 
Figure 4 of Supplementary Information provides a useful indication to the potential for the predicted 
plume to transfer between the northern boundary of the Inner grid and the Middle grid and at times 
of mid flood, low water, mid ebb and low water.  The pattern of dispersion at low water is most 
relevant to demonstrating how and when the plume translates across into the Middle grid.  The 
assertion made in the Supplementary Information is the method of domain decomposition and the 
location of the interface (between the Inner and Middle grids) does not unduly distort the plume. 
 
The reviewer broadly agrees with this assertion, which is based on consideration of Figure 4, noting 
also that some of the wider pattern of the plume represented in the Middle grid at low water may 
have experienced some small amount of distortion due to the coarser grid, however, this effect does 
not seem to have led to accelerated mixing due to numerical diffusion.   The further consideration on 
this point is that the most focused area of mixing (i.e. the mixing zone around the discharge) is all 
likely to remain within the Inner grid and the most relevant areas for plume advection are with the 
main body of ebb and flood tidal flows which is east and west, respectively.  Accordingly, the period of 
any distortion is also likely to be minimal. 

6.3.2 Bathymetry 

Three data sources are referred to for model bathymetry; 
 
(i) SeaZone for a general description of the seabed over the model domain. 
(ii) Local high-resolution bathymetry for the “area of interest” from 2009. 
(iii) Local high-resolution inshore bathymetry for the area of interest from 2011. 

 
The degree to which intertidal areas within local bays are sufficiently well resolved by this data is not 
clear. 
 
SeaZone is also a data product that does not easily enable the provenance (e.g. age, quality, original 
datums, etc.) of the original data to be identified.  On occasion, this may limit the application of 
SeaZone when merged with other data. 
 
The process of developing model bathymetry is outlined but there is no description of how well the 
high resolution data merged with the background data from SeaZone.  There is also no statement on 
how the overall bathymetry was checked as being valid. 
 
The native datum for SeaZone is typically Chart Datum and the native datum reported by Titan for 
their high-resolution bathymetry is Ordnance Datum (Newlyn).  The reconciliation of bathymetry to 
Mean Sea Level is often a challenge across a large area where Chart Datum values also vary across a 
domain.  The resulting bathymetry corrected to Mean Sea Level will have an associated tolerance in 
accuracy that is additional to the tolerance in the original data. 
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Despite these comments, the presentations of observed bathymetry in the Phase 2 document appear 
credible, although it is not clear how the intertidal areas are described when the scale bar for 
bathymetry only includes positive depths relative to Mean Sea Level. 
 
A presentation of local surveyed bathymetry versus equivalent modelled bathymetry, for the area east 
and west of Wylfa Head, would help confirm how well the complex coastline and bathymetry within 
the local bays is described by the model. This recommendation is in line with the comments offered 
by Cefas in the Scoping Opinion: 
 

 “the high resolution numerical models need to be sufficiently high resolution in order to 
correctly resolve small scale eddies shed by headlands, etc.” 

Second Review 

Section 7 of the Supplementary Information provides further comment in relation to verification of the 
intertidal detail with consideration to LiDAR data.  Limited improvements were found which is 
unsurprising with a coastline dominated by cliffs and narrow intertidal.  However, some local 
improvements would still be expected in the description of bathymetry across the irregular rocky 
foreshore and within the small embayments, such as Cemlyn beach.  The detailed description of these 
areas would not be possible from the other datasets, as these areas would be beyond the reach of 
marine survey craft.  For reference, Figure 7 below shows the level of detail provided by the latest 
LiDAR coverage to compare with Figure 6 offered in the Supplementary Information.  The two 
compare reasonably well, but subtle differences may remain in the LiDAR that are not possible to fully 
represent at the scale (23 m) of the Inner Grid. 
 
The first review commented on the value of presenting the local surveyed bathymetry (Figure 1.6 in 
Titan 2012) versus equivalent modelled bathymetry, for the area east and west of Wylfa Head, and to 
help demonstrate how well the complex coastline and (sub-tidal) bathymetry within the local bays is 
described by the model.  Figure 7 provided in the Supplementary Information does not fully achieve 
this as the presentation is coloured at a coarse interval and presented as points not contours. 
 

 

Figure 6. Local LiDAR DTM data (from lle.go.wales) 
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The Supplementary Information also now provides comment in relation to the method of developing 
the composite bathymetry and the method of visual inspection to validate the process.   
 
No further information required on this matter. 

6.3.3 Boundaries 

The choice of water level boundaries requires that there is sufficient slope created across the model 
domain of the Outer grid to create a head difference that drives tidal flows.  Water level boundaries 
do not impart momentum of flow into the model domain other than that created by the head 
difference. 
 
The Outer grid appears to include the River Conwy; however, there is no details offered on whether 
this is described as a discharge boundary for freshwater input.  

6.3.4 Calibration data 

The calibration data used in Phase 2 appears to be focussed on comparing to observations from the 
recent oceanographic survey, as well as a local tide gauge on Wylfa Jetty.  An infra-red survey 
completed in 2012, after the oceanographic survey, is also considered and for information related to 
four states of a spring tide in March 2012 (i.e. no neap period).  These data types enable calibration of 
both hydrodynamic and advection dispersion models.   
 
Additional tidal predictions are referred to for Holyhead, Amlwch and Beaumaris which are developed 
from Tides & Current Pro.  As with remarks offered previously for Tidal Viewer, information generated 
by this type of product can be useful to compliment other types of measured data, but the quality of 
such information should be considered lower.  I.e. in most cases a real measurement compared to a 
model prediction is a superior evaluation for calibration than a synthetic prediction compared to a 
model prediction. 

6.3.5 Calibration targets 

Two guidance documents are referred to for model performance targets, as previously given in 
Phase 1.  These are: 
 

Environment Agency (1998).  Quality Control Manual for Computational Estuarine Modelling.  
R&D Technical Report W168.  Binnie Black & Veatch. 
 
NOAA (2003).  NOS Standard for Evaluating Operational Nowcast and Forecast Hydrodynamic 
Model Systems.  NOAA Technical Report NOS CS 17.  October 2003. 

 
These documents are offered to express an acceptable measure of difference between a prediction 
and an equivalent observation. 
 
In regard to EA (1998), the guidance provides separate recommendations for both estuarine and 
coastal areas.  The Phase 2 calibration document appears to reproduce the estuarine values rather 
than those for a coastal environment. 
 
For completeness, the coastal recommendations are reproduced below, which also refer to 
performance targets for tracers (dye release) and drogues. 
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In regards to NOS (2003), the statistical measures referred to in the Phase 2 document are originally 
offered by NOAA as: “These values of acceptable error are based on estimates of pilot’s needs for 
manoeuvring in ports and dredged channels.”  This is also in the context of operational information. 
 
NOS (2003) is mostly related to hydrodynamics, so the guidance does not extend to advection 
dispersion targets.  In addition, since the remainder of the Phase 2 document does not appear to 
apply any NOS values then this guidance is considered surplus to the purposes of calibration. 

Second Review 

Section 8 of the Supplementary Information provides further comment in relation to model skill in 
model validation.  Recognition is made to EA guideline model validation targets for coastal areas 
rather than those previously offered for estuarine waters.  Section 11, 13 and 14 of the Supplementary 
Information refer to performance between current speed and direction, but do not seem to fully take 
forward the hydrodynamic performance thresholds for tidal phase (timing of high water) or water 
levels / tidal range.   
 
Whilst a fair level of judgement on model performance can be achieved by qualitative graphical 
comparisons, the quantification of model performance remains important, especially when any 
residual shortfalls in model performance are taken forwards into model application as the 
interpretation of results at his stage in the project needs to accommodate the understanding of any 
such shortfalls. 
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In regards to guideline performance targets for drogues and dye tracking in EA (1998), then the 
Supplementary Information clarifies the approach taken.  Arguably, the performance demonstrated for 
the IR Survey in HNP (2015a) provides the most credible evidence of model performance in predicting 
an actual thermal plume which the reviewer suggests would surpass the value from any dye tracing 
evidence aiming to mimic such a process. 
 
There is no further mention to the NOS standard, which is not applicable in this case. 
 
No further comment required. 

6.3.6 Calibration period 

The rational for the choice of calibration periods is not offered.   
 
Spring tide calibration appears to cover dates in 2007 and 2010. 
 
Neap tide calibration appears to cover dates in 2010 and 2011. 
 
The relative magnitude of tides on these dates is also not explained to help demonstrate that 
performance of the model is being achieved for the range of conditions that are intended for model 
application.  I.e. to show that the scenarios for model application remain in bounds to those 
demonstrated in calibration. 
 
Typically, a model would be calibrated through a process of tuning various coefficients, such as 
bottom friction, to fit one set of events and then validated against a separate set of data or a different 
period of data but without further tuning.  The use of multiple calibration periods is confusing if each 
period has been subject to additional tuning.  However, if this is not the case then the description of 
any separate period of calibration should be described as validation. 

6.3.7 Water levels 

There is no overview figure to confirm the location of the water level calibration sites. 
 
The performance of the model in reproducing sets of water levels is presented as a series of figures 
for qualitative comparison; however, there is no quantification of model performance related to the 
targets previously suggested. 
 
The critical comparison is against measured data from Wylfa Jetty, as all other sites presented would 
appear remote from the main area of interest and are predictions rather than measurements. 
 
Water level data from the four fixed station ADCP have not been considered despite these data being 
available to the project and being in the main area of interest. 
 
Non-tidal influences are not considered given that the model is driven by tidal harmonics. 

Second Review 

Section 14.6 of the Supplementary Information provides further comment in relation to the 
comparison between measured water depths from the static ADCP deployment in Cemlyn Bay (S9), 
only, and equivalent modelled values for this location.  
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Comment is made on the potential instability of the ADCP at times of lower flow and how this may 
have affected the orientation of beams from the vertical.  No similar comment has been offered in 
relation to any apparent data quality issues in Titan (2012).  The Nortek Aquadopp deployed at S9 
actually incorporates a pressure sensor which determines water depth variations, so off vertical beam 
orientation is not relevant to measurement of water levels, however, the orientation of the beams is 
fundamental to measuring flows.  The instrument would record tilt as standard and use this in post-
processing to correct for any deviations in beam angles and be able to report any out of bounds 
variation as part of standard quality procedures.  An investigation in tilt angles would help to 
substantiate data quality concerns of the static ADCP observations. 
 
Nevertheless, the comparison offered between water level observations at S9 and modelled tidal 
variations appears reasonable.  A true comparison of tide only influences remains possible if the data 
from S9 was subjected to harmonic analysis to draw off the artefacts in the observations which are 
either non-tidal or a product of the mooring arrangements.  
 
The additional comparison of water levels at S9 is useful. 
 
No further action required. 

6.3.8 Flows 

There is no overview figure to confirm the location of flow calibration sites, so these details need to be 
referred back to the oceanographic survey report. 
 
The performance of the model in reproducing flows is presented as a series of figures for qualitative 
comparison; however, there is no quantification of model performance related to the targets 
previously suggested.  The exception is the quantification of difference in flow magnitudes in the 
mobile ADCP data; however the key is difficult to interpret. 
 
Whilst the observed flows resolve variations over the majority of the water column, the comparison to 
equivalent model predictions is only offered as depth-average values.  As a minimum comparisons 
should be considered for near surface, mid depth and near bed layers. 
 
In general, there appears to be a good reproduction of “depth-average” flows for the open water 
locations, such as S2 and S4, but a less good reproduction of measured flows within the two small 
bays for S9 (Cemlyn Bay) and S11 (Cemaes Bay) where the local flow patterns are complicated by 
headland generated gyres.  The same is also true for comparisons with the mobile ADCP data. 
 
Over the survey period, the redeployment of S11 during service visits varied the location of the 
instrument with Cemaes Bay.  The degree of variation is considered to pick up different flow 
conditions relative to the local bay gyre.  Site S11b is slightly to the northwest of S11 and Site 11c 
slightly to the northeast.  Comparisons of model performance to measurements at S11b and S11c 
show a marked improvement over model performance at S11. 
 
Phase 1 comparisons to location C1 in Cemlyn Bay seem to offer a better fit between observations and 
model predictions than the Phase 2 comparison with S9. 
 
Additional flow measurements were made in Autumn 2011 with deployments at sites closer to the 
coastline.  Model comparisons at these locations are also poor. 
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For all shallow inshore locations the relative influence of wind stress and wave activity may also have 
an influence on measured flows in addition to headland generated eddies and outfall discharges, 
leading to non-tidal “noise” effects that are not represented in the model.  At the present time, wind 
and wave influences during the surveys are not discussed. 
 
A further consideration on model performance is the resolution of the model grid within the bays, the 
associated representation of the complex coastline (at increments of 23.33 m), and the description of 
irregular rocky intertidal areas within the bays.  Confirmation on how well the bays and intertidal areas 
are resolved in the present modelling scheme and how this is supported by suitable data is 
recommended. 
 
As noted previously, this comment is in line with remarks offered by Cefas in the Scoping Opinion: 
 

“the high resolution numerical models need to be sufficiently high resolution in order to 
correctly resolve small scale eddies shed by headlands, etc.”. 

Second Review 

Section 14.7 of the Supplementary Information provides comparison of flow measurements through 
the water column at three levels; near surface, mid depth and near bed, and to help demonstrate the 
performance of the model in describing flows in the vertical.  This comparison has been provided for 
S4, S9 and S11 only, as S2 is further offshore and within the Outer Model grid which is only 2D. 
 
(a) S4 

 
The visual comparison of flow speed, direction and phase for spring and neap periods is very 
good and seemingly better than those previously offered in HNP (2015b), especially for the latter 
half of the flood period.  The quantification of model performance is good, but the determination 
of RMS fit for flow magnitudes appears inconsistent to the visual comparison and in regard to S9 
which seemingly offers a better RMS value.  

 
No near surface or near bed comparisons of flow direction are offered, but are suggested to be 
indistinguishable. 

 
(b) S9 

 
The visual comparison of flow speed and phase for spring and neap periods is seemingly better 
than those previously offered in HNP (2015b), especially for tidal phase.  This is likely to be linked 
to the comment made about irregular time-stamping in the measured data resulting in a poor 
level of comparisons presented in HNP (2015b).   
 
In general, the peak of the flood flows is consistently under-represented in the model and 
generally by at least 0.2 m/s, but up to 0.4 m/s 50% in one case, 09-04-11. 
  
The performance of the model in representing measurements at C1 (adjacent to S9) is important 
to note here, as a similar bias has been shown to exist for spring tides, but good performance was 
achieved for the neap period. 
 
The predicted flow directions at mid-depth appear reasonable.  No near surface or near bed 
comparisons are offered. 
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The under-representation of flow speeds on the flood tide in a key area of relevance to the 
discharge of the thermal plume remains important for the intended application of the model. 

 
(c) S11 
 

The visual comparison of flow speed and phase for spring and neap periods is seemingly much 
better than those previously offered in HNP (2015b), especially for tidal phase.  This is likely to be 
linked to the comment made about irregular time-stamping in the measured data resulting in a 
poor level of comparisons presented in HNP (2015b).   
 
Whilst the pattern of observed flows appears to be fairly erratic, the equivalent pattern and 
magnitudes produced by the compare and well throughout the vertical. 
 
The predicted flow directions at mid-depth appear good.  No near surface or near bed 
comparisons are offered. 

 
Summary 
 
The additional model comparisons against the measurements at Sites S4, S9 and S11 (without the 
inclusion of the Magnox discharge) provide an important further measure of confidence in the 
capability of the model in representing local flow characteristics, both as improvements to those 
shown previously in HNP (2015b) and in regards to resolving variations over depth to help 
substantiate the performance of the 3D hydrodynamic model.  The previous depth average 
comparison would only be applicable if the modelling studies required a 2D approximation. 
 
The additional comparison has provided performance metrics for flow magnitudes but not for phase 
or direction. 
 
The comparison of flows at S9 remains fundamental to the application of the model if the marine 
discharge is also being released into Porth Wnal.  The overall performance of the model in this 
location also needs to be considered in the round with both C1 and S9 evidence, noting both sites 
indicate an under-representation of the flood flows (without the inclusion of the Magnox discharge), 
especially during periods of spring tides. 
 
A further model comparison has now been provided at C1 (only) which includes the Magnox Wylfa ‘A’ 
discharge.  C1 is chosen as the measurement site most likely to come under the influence of a local 
high discharge rate which transfers momentum into the adjacent tidal flows. 
 
From the information presented for periods of spring and neap tides, there is a visible overall 
improvement in the agreement between modelled and measured flows and direction at C1 which 
includes improvements at the key period of stronger flood tides.  Whilst comments are made that the 
period of neap tides may show a reduction in the agreement between modelled and measured values 
(and at times during the late ebb) the reviewer offers a different view, as there appears to as many 
improvements as there are reductions in the general agreement between modelled and measured 
data through the comparison period.  For example, the comparison during the second tide on the 11th 
August shows a large overall improvement in the model performance with the inclusion of the 
Magnox Wylfa ‘A’ discharge. 
 
The further comparison demonstrates the importance of including the Magnox Wylfa ‘A’ discharge in 
the model simulation as a contributor to reproducing the previously measured local flows.  On this 
basis, any new similar high discharge from the new Wylfa facility at this vicinity also needs to be 
represented in the model. 
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6.3.9 Drogues 

Comparison of observed and modelled drogue tracks helps confirm the scale of tidal excursions and 
any complex local circulations needing to be represented in the hydrodynamic model. 
 
The oceanographic survey presents a series of drogues released from: 
 

(i) the existing outfall on the western side of Wylfa Head, in Cemlyn Bay 
(ii) a site to the north (east) of Wylfa Head, referred to as Potential Outfall 1 
(iii) a site to the north (west) of Wylfa Head, referred to as Potential Outfall 2 
(iv) a site to the north (west) of Wylfa Head, referred to as Potential Outfall 3 (similar to 

Potential Outfall 2) 
 
The period of drogue observations in each case is not explicitly stated, but appears to be several hours 
to capture high water to ebb, or low water to flood phases of the tide. 
 
The only modelled drogue tracks which are presented are for an apparent release location on the 
eastern side of Wylfa Head, in Porth Wnal, which does not appear in the oceanographic survey report.  
As Delft3D cannot track a drogue release as it passes between grids then comparisons are curtailed to 
the Inner grid only.  A further assumption of Deflt3D is that the path of the drogue is only influenced 
by flows computed for the surface layer. 
 
A recommendation for the drogue releases north of Wylfa Head would be to use the Middle grid for 
the comparison, noting this grid is 3D to enable drogues to be represented in the surface layer. 
 
On the basis of the information presented, there is insufficient proving at this time of the model’s 
ability to represent the same scales of tidal excursion that have been seen from the survey or might be 
assumed from a thermal plume from a new outfall. 

Second Review 

Section 14 of the Supplementary Information provides further comment in relation to excursion 
drogues.   
 
The explanation of difficulties in reproducing drogue tracks in the model is understood, however, the 
dye results terminate shorter than the full excursions shown in the drogues.  The purpose of the 
request from the first review is to demonstrate the capability of the model in representing the 
equivalent full excursion pathway from an equivalent observed track.   
 
To account for the issues described in the Supplementary Information the normal practice is to 
simulate the observed path of a single drogue with multiple modelled drogues released at a variety of 
similar locations (i.e. alternative grid cells around the actual release point) and for a variety of similar 
start times (i.e. within the tolerance for tidal phase of ± 15 minutes) which “closely” represent the 
actual release point and time.  Any deviations between a series of modelled drogues and the 
equivalent measured drogue can then be discussed in relation to the envelope of pathways and in 
regards to features which may be either under or over-represented by the model. 
 
The presentation of modelled drogue tracks in the Supplementary Information is not clear, partly due 
to the scale of the figure and partly due to the choice of colour.   
 
Figure 52 helps to demonstrate the westerly tidal excursion for the ebb tide for a release off Wylfa 
Head, but the equivalent flood tide drogue (Figure 43) does not cover the same extent as the 
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observed drogue.  An approach based on multiple release points and times may help address this 
issue.  
 
Remaining presentations of drogue tracks are unclear. 
 
In regards to guideline performance targets for drogues in EA (1998), then the Supplementary 
Information clarifies the approach taken.   
 
No further comment required. 

6.3.10 Dye tracking 

Dye tracking provides a means of demonstrating the performance of the advection dispersion model. 
 
EA (1998) guidance suggests tracer concentrations should be calibrated in a mid-field model to within 
a factor of 5 and the areal extent of a concentrations contour of a tracer plume in a mid-field model to 
within a factor of 2. 
 
Other indicators of good calibration would the general shape and rate of spreading of the plume over 
time. 
 
The presentation of modelled and observed dye tracks is offered as the spatial spread of the dye at 
unlabelled discrete intervals after the release rather than showing any comparison of dye 
concentration. 
 
Whilst there is comment about the iterative adjustment of the horizontal eddy diffusivity coefficient 
the final value from the calibration process is not stated. 
 
A notable comment on the comparison to measurements is that the High Water release on the neap 
tide advects out of the Inner grid into the Middle grid, leading to a comparison with observations 
being offered from the Inner Grid (Figure A 42) and Middle grid (Figure A.43).  There is no explanation 
as to why the scale of advection on the neap tide was larger than the equivalent high water release on 
the spring tide.  The scale of advection out of the Inner grid also suggests the extent of this local grid 
is too small to fully contain the advection dispersion process for releases around Wylfa. 
 
The requirement to move the modelled High Water spring tide release arbitrarily to the north by 46 m 
to achieve a better fit does not add confidence to the capability of the model. 
 
Neither the oceanographic survey report (Titan, 2012) or the Phase 2 modelling report offer any 
details about wind related influences during the survey or how these were incorporated into the 
calibration process, if at all. 
 
As a consequence of the limited presentation and explanation about the dye tracking modelling, this 
aspect of the model calibration is not considered to be fully proven at this time. 

Second Review 

Section 5 of the Supplementary Information provides the rationale for the three model grids and their 
associated scales but there is no additional remarks to respond to the comments about wind related 
influences, the repositioning of the High Water spring tide release comment, the time stamps for each 
dye observation, etc. 
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In regards to guideline performance targets for dye tracking in EA (1998), then the Supplementary 
Information clarifies the approach taken.  Arguably, the performance demonstrated for the IR Survey 
in HNP (2015a) provides the most credible evidence of model performance in predicting an actual 
thermal plume which the review suggests would surpass the value from any dye tracing evidence 
aiming to mimic such a process. 
 
No further comment required. 

6.3.11 Infra-red and plume survey 

Model verification against an infra-red and plume survey is reported separately in: 
 

HNP (2015). Hydrodynamic Modelling for Wylfa: Validation Study. Comparison of model 
predictions to Infra Red and Plume Survey results. WYL-PD-SDT-REP-00043. 

 
These surveys represent the measurement of the existing thermal plume from Wylfa ‘A’ prior to 
decommissioning at the end of 2015 and provide valuable evidence in demonstrating the capability of 
the model for a similar type of arrangement to the new thermal outfall. 
 
The airborne infra-red survey was undertaken on 20th March 2012 and provides information on four 
discrete tidal states; high water, mid ebb, low water and mid flood, although the specific times of each 
tidal state are not given, nor any consideration offered to the wind conditions on the day of 
observation. 
 
The plume survey was undertaken on separate dates and is reported as part of the oceanographic 
survey in Titan (2012). 

Second Review 

Section 10 of the Supplementary Information helps to clarify the specific times for the Infra Red survey 
and how wind influences were included.  The definition of winds appears to be from RAF Valley and 
events at this location seem to have been from 225 to 200°N (equivalent to a moderate offshore 
breeze at Wylfa) during the period of the Infra Red observations.  Section 6 of the Supplementary 
Information suggests winds at RAF Valley, and from these directions, are slightly stronger than those 
observed locally (based on comparison of a short period of wind observations only). 
 
No further comments required. 
 
CORMIX 
 
Delft3D is a mid to far-field model that can describe the advection and dispersion of a buoyant 
thermal plume but does not account for the initial near-field mixing process of a high discharge rate 
imparting momentum into a water body.  For initial near-field mixing the CORMIX model has been 
applied with details of this approach reported in: 
 

HNP (2011). Hydrodynamic Modelling for Wylfa: Hydrodynamic Modelling for Wylfa: Initial 
CORMIX study of a CW discharge to the West of Wylfa Head. WYL-PD-PAC-REP-00005. 

 
CORMIX is a semi-empirical model that combines details of an idealised thermal discharge with a 
simplistic representation of local ambient depths and flows to determine steady state mixing scales in 
the horizontal and vertical which can then be applied to Delft3D as length scales for initial conditions.  
CORMIX also provides a surface heat exchange coefficient, however, there is no reliance on this 
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coefficient in the present application as only dimensional information is taken into consideration for 
Delft3D. 
 
Water depths and flows appear to have been provided from the Phase 1 model rather than the Phase 
2 model.  This brings relevance back to the performance of the Phase 1 model in reproducing flows in 
Cemlyn Bay, as demonstrated by C1. 
 
High discharge rates in shallow water normally present a challenge to the base assumptions in 
CORMIX and the report identifies that predictions should be treated as indicative only, with 
recommendations that more refined near-field studies are undertaken using deterministic approaches 
such as CFD. 
 
Model Results 
 
The Phase 2 model appears to apply a fixed surface heat flux coefficient of 25 Wm²K-1. 
 
(i) Infra-red survey 
 
Firstly, the observational IR data appears to have been reduced from an absolute measure of 
temperature to a temperature rise (or excess temperature above background).  For each of the four 
snapshots a different assumed flow rate, temperature rise and background temperature have been 
applied.  This would appear to introduce a further level of uncertainty in the observational record for 
any comparison with model results which are described with equivalent fixed values. 
 
Seven scenarios were modelled with the Phase 2 model to determine the best fit description of a 
near-field condition, with the key variable being the way the thermal plume is introduce into Delft3D; 
however, the relationship to any CORMIX results for these different configurations is not explained.   
 
The duration of the model scenario is not clear or the time required to establish a fully developed 
plume from a zero initial condition. 
 
Comparisons between observed and measured data are inherently limited to the surface layer only to 
describe the horizontal spread and temperature of a plume. 
 
IR_5 was considered to offer the best fit to the periods of observations; however, the labelling of 
figures for qualitative comparison is not always clear.  The results from IR_5 do not appear to be 
greatly different from the other six scenarios considered, suggesting the model results are not that 
sensitive to the near-field condition.  The likely explanation here is limitations of the model to describe 
the local advective flow in an area that is not resolved in great detail.   
 
In addition, given the high discharge rate from the open channel outfall, this feature should be 
investigated as a flux boundary in the Phase 2 hydrodynamic model as there will be momentum 
imparted to the local flow (visible in Figure 1) which may have important influences on local flow 
circulations that are presently not fully resolved.  For reference, the flow rates described for the 
cooling water discharge of 68 to 83 m³/s (HNP, 2015a) would be equivalent to a large river flow such 
as the Mersey.  For context, the mean flow rate for the River Conwy is around 19 m³/s, with a 10% 
exceedance value of around 46 m³/s. 

Second Review 

Section 3 (paragraph 5) of the Supplementary Information provides some additional comment in 
relation to validation against the IR survey, asserting that the model performs reasonably well in 
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comparison to the local observations.  The review agrees that across the Inner Grid the general 
patterns of the thermal plume compare reasonably well to the IR observations but this evidence has 
not been extended to demonstrate the performance of the model within the Middle Grid – see 
Section 6.3.1 above).  The previous comments relating to limitations in local advective flows (i.e. in the 
vicinity of the point of discharge / near-field) remain.  These limitations need to be quantified to help 
inform any subsequent interpretation of results used to support the assessment of potential impacts. 
 
Within the confines of Porth Wnal the discharge volume and rate of discharge is likely to be dominant 
over any tidal influence and create complex and strong turbulent flows (Figure 8 below) which are 
beyond the capability of Delft3D.  This area is noted in HNP (2015a) as white water extending 
approximately 50 m from the outfall, however the period shown in Figure 8 shows extent is around 
300 m (equivalent to 13 grid cells at 23 m each).  The model should still aim to retain the general 
influence of this strong flow as a discharge boundary for scenarios representing the thermal discharge 
as the same structure is being proposed to serve as the Wylfa outfall and with a discharge rate which 
is expected to be greater than for Wylfa ‘A’, which would arguable extend further into the bay.  The 
use of CORMIX for estimating near-field mixing is relatively redundant given the high discharge and 
proposed configuration of the new outfall.  Further comment is offered in Section 7.6 below. 
 

 

Figure 7. Thermal discharge from Wylfa ‘A’ Magnox power station into Porth Wnal. 

 
Section 10 of the Supplementary Information also considers the Infra Red survey.  Clarification is given 
on the reasons for a variable discharge rate for the Magnox Wylfa ‘A’ discharge and how this was 
inferred.  A further clarification is requested on how this effect carries over to the anticipated rates for 
the new discharge. 
 
(ii) Plume survey 
 
Model comparisons from the boat based plume survey provide a means to examine the vertical 
structure of the water column. 
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The model results are presented as a temperature excess above 8.2 °C, whereas the measured data are 
absolute values.  Therefore, the comparison of vertical profiles is limited to their representation of the 
thermal plume structure rather than any direct comparison of temperatures. 
 
In general, the observations which pick up the plume tend to show a stronger vertical gradient (i.e. a 
more distinct and well developed thermocline and uniformity of temperature below) than the 
equivalent predictions.  Where the model shows a higher surface temperature value, there is generally 
a smooth reduction in temperature to reach a greater depth and without creating a distinct 
thermocline. 
 
There are no details given on how sensitive the model is to vertical mixing coefficients or heat 
exchange coefficients. 
 
Apart from the plume survey, additional temperature profile measurements are reported in: 
 

HNP (2014).  Horizon Nuclear Power (Wylfa) Ltd.  Consultancy Report: Wylfa Water Quality 
Surveys Report 2013.  202.01-S5-PAC-REP-00008.  February 2014. 

 
In particular, Sites WQ2 and WQ6 are considered to be within the area of interest and, at times, 
capable of detecting the thermal plume from Wylfa ‘A’.  Vertical temperature profiles from these two 
sites have periods which show a stronger influence in the upper water column, the suggestion of a 
thermocline, and uniformity below. 

Second Review 

Section 10 of the Supplementary Information also briefly considers modelling of the plume survey, but 
the results of further modelling are provided in Section 15. 
 
a. CTD profiles 
 
Figure 80 in the Supplementary Information illustrates the locations of some CTD profiles, but not all 
profiles shown in Section 15 appear to be included on this figure which limits the interpretation of 
model performance relative to the proximity to the plume. 
 
Specific environmental conditions have now been accounted for in the simulation period, including 
wind stress.  The effect of wind stress is of immediate relevance to mixing in the surface waters and 
has generally improved the fit with CTD profiles, including a better representation of thermoclines in 
most cases. 
 
When comparisons are made between modelled and observed data standard practice allows for the 
tolerance on tidal phase to include the target timestep ± adjacent timesteps of up to 15 minutes.  By 
including these additional timesteps there may be periods when the plume becomes visible in the 
comparison and a better fit is achieved.  This practice is entirely permissible.  
 
Not all of the spring tide temperature (CTD) profiles previously shown in HNP (2015a) are reproduced 
in Section 15.  The following comparisons which were previously included are absent: S1C3 and S3C3, 
S2C1, with S1C3 and S3C3 recording notable temperature gradients over depth suggestive of a warm 
thermal plume. 
 
The model performance in representing temperature has not yet been quantified in line with EA 
(1998). 
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b. Long term monitoring 
 
The CTD data remains the only observational data that shows variation of temperature in the vertical 
but is limited to a specific moment in time.  This data also needs to be considered alongside the long-
term monitoring from the moorings to understand variability over time.  A set of such comparisons 
have now been offered in Section 15 for S4 and S11 only but no comparison has been offered at this 
time for the primary site of importance which is S9, the site likely to be in cosest proximity to the point 
of discharge. 
 
The data shown suggests a near surface observation; however, the description of the mooring in Titan 
(2012) suggested a mid-depth temperature probe for S4 and a near-bed observation for (S9 and) S11.  
The observational data is also not familiar or referenced from any earlier documents. 
 
The comparisons between modelled and observed temperature values appear to show a main short-
term spike in temperature (attributed to a passing plume) at the same period in the tide and with a 
similar magnitude above background temperature (most significant issue), but there is a constant 
difference between the background temperatures (least significant issue, as a constant bias can be 
accounted for in the assessment process).  The timing of the spike seems to be within a tolerance of 
±15 minutes, noting this variation in timing provides the basis of selecting a set of modelled values for 
the CTD comparisons rather than limiting any comparison to a single target timestep. 
 
No further action required. 

6.4 Summary of verification review 

In terms of the specific requirements of the independent audit, the following comments can be 
offered for verification. 
 
a. Were appropriate verification checks made? 

 
There is some verification reported for Phase 2 modelling, but this can be improved by 
considering the following: 
 
 Restructuring the calibration report to provide clarity between calibration and validation 

stages. 
 
 Define the calibration objectives clearly in terms of the range of conditions needing to be 

demonstrated and the observational evidence required to support this process. 
 
 Refer to the application guidance for coastal areas rather than estuarine conditions. 
 
 Quantify the differences between model predictions and observations in line with guidance to 

augment the graphical presentation of modelled and observed values. 
 
 Assess the capability of the 3D model to describe 3D flows rather than presenting 

comparisons for 2D depth average only, which may compound the scatter in observational 
data at shallow inshore sites. 
 

 Consider the use of the CEGB data as a validation data set and with special attention to 
Location C1, being a site in close proximity to the point of discharge. 
 

 Consider sensitivity of local flows to inclusion of the high discharge rate from Wylfa ‘ A’ 
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 Provide calibration of temperature against available observations if the model is to be applied 

to represent absolute temperature at any later stage. 
 

 Offer details on the choice of vertical mixing coefficient. 

Second Review 

Section 11 of the Supplementary Information provides details of the additional comparison of 
modelled flows against CEGB data from 1985, noting the comments offered from the first review 
related to C1 in particular, as this offered a means to corroborate the previous measurements at S9.   
 
(a) C1 
 
C1 is a similar location to S9 observations from 2011, noting modelled flows from S9, as presented in 
HNP (2015b), did not compare well to the measured data and especially in relation to tidal phase.  The 
profile of the local seabed in the vicinity of S9 and C1, as illustrated in Figure 1.6 of Titan (2012), 
suggests some local subtidal irregularities extending off the coast as well as away from the coast (see 
Figure 9 below), which may have some influence on the local flow characteristics.  It is not immediately 
clear if the same features are represented in the gridded bathymetry shown in Figure 6 of 
Supplementary Information (this comments links with Section 6.3.2). 
 
 

 

Figure 8 Interpretation of seabed from 2009 bathymetric survey in the vicinity of S9 and C1 

 
The new comparisons of model performance at C1 for flow speed and direction appear to show a 
much better correlation of tidal phase throughout the short observation period than was previously 
shown for S9 in HNP (2015b).  The additional consideration to make in this comparison is that C1 is 
stated as being 7.7 m above the seabed in a local depth of 18.1 m (plus tidal variation above and 
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below this depth), whereas the modelled flows are presented as depth average values.  At times of 
greatest deviation on the spring tide the water depth is closer to 20 m (Figure 12 of Supplementary 
Information) meaning C1 at these times is around a third of the water depth.  The true deviation 
between a mid depth and depth average comparison is therefore likely to be greater than presented. 
 
For the flood phase of the spring tide, from low water to high water, the model follows a similar 
clockwise rotation of the tide from around 050 to 240°N to be flow aligned to the seabed contours.  
Modelled peak flood flows tend to under-represent the observations by up to 25%.  The ebb phase of 
the tide is more erratic with a far less developed peak flow.  This may be due to the orientation of the 
flow at this time being towards local irregularities in the seabed rather than Wylfa Head. 
 
The neap tide comparison at C1 offer a better fit for speed, direction and phase, which is a marked 
improvement on the equivalent (original) comparison offered at S9.  This places some doubt on the 
earlier information shown in HNP (2015b), noting also the passing remarks in Section 14.7 of irregular 
time-stamping of the measured data. 
 
(b) C2 
 
This site is also in the lee of Wylfa Head, noting the general profile of the seabed indicated by surveys 
(Titan, 2012) is far less irregular than at C1.  The site is further inshore than the more recent 
observations at S11. 
 
As for C1, the new comparisons of model performance at C2 for flow speed and direction appear to 
show a much better correlation of tidal phase throughout the short observation period than was 
previously shown for S11, which again places some doubt on the earlier information shown in HNP 
(2015b) for the first deployment period.  Deployment periods B and C at S11 remain very good based 
on as a visual comparison. 
 
(c) C3 
 
This site is seaward of Wylfa Head and most comparable to conditions measured at S4.  The level of 
comparison offered by C3 is as good as for S4, although the model seems to include a peak in flows 
just prior to high water as the tide is turning, which is not seen in the measured data.  This feature is 
not discussed. 
 
(d) Inclusion of winds 
 
The Supplementary Information suggests some of the residual differences between modelled and 
measured data are due to winds or waves, however, the inclusion of winds seems to make very little 
difference.  What is not discussed is the potential for small scale seabed irregularities not presently 
represented in the model to affect local flows (as suggested in Figure 9).   
 
Summary 
 
Overall, the additional comparison of modelled flows to measured values has improved the 
confidence in the model.  Some quantification of difference between modelled and measured values 
is also now offered, but this generally focusses on flow magnitude and direction rather than phase.  
This review suspects that the previous presentation of information for S9 and S11, which suggested a 
much poorer level of comparison, included some form of error. 
 
No further comment required. 
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b. How well did the model replicate data? 
 

 The hydrodynamic model appears to replicate open water observations very well for the 
limited set of comparisons made, but local flows within small embayments are generally 
poorly resolved.  This issue may be partly the resolution of the model and partly the quality of 
the bathymetry for the intertidal areas. 

Second Review 

The Supplementary Information provides further details on model performance within the small 
embayments which shows an improved level of comparison.  The major improvement appears to be 
attributable to incorrect time-stamping in the previous presentation of time series, e.g. Figure A 25, A 
26, A 27 and A 28 of HNP (2015b). 

 
c. What discrepancies were identified compared to data (if any)? 

 
 Further and alternative hydrodynamic observations should be considered to underpin the 

level of confidence in the Phase 2 model (e.g. UK National Tide Gauges, BODC flow records 
and the former CEGB surveys data can all compliment the site specific oceanographic surveys).  
 

 The hydrodynamic conditions within the small embayments east and west of Wylfa Head are 
not well described.  Further validation of inshore bathymetry is suggested against Lidar data, 
as well as the representation of this area within the Inner grid. 
 

 The available drogue observations should be considered further to demonstrated the ability 
to represent the full tidal excursions on spring and neap tides, even if this is reproduced from 
the Middle grid. 
 

 Further quantification of dye tracking comparisons in line with EA guidance and with 
consideration to local wind influences as observed during the survey. 
 

 The representation of the thermal plume from Wylfa ‘A’, as observed from the Infra Red 
survey and plume survey provides useful evidence, but the vertical mixing may not be 
sufficiently well represented at the present time as the field evidence suggest stronger 
stratification. 

Second Review 

The Supplementary Information has addressed the first issue, the second has been commented on but 
with remaining concerns identified, the third issue has been responded to, but results presented at 
this time remain unclear and are not quantified, the fourth issue has been addressed with reference to 
in terms of how the EA (1998) guidance has been applied in this case and the fifth issue has been 
addressed and with an improved representation of thermal stratification. 

 
d. What changes were made to the model to resolve any discrepancies? 
 

 The largest notable change exists between the Phase 1 model design and the Phase 2 model. 
 

 Some changes were offered to release locations of modelled dye tracking to improve Phase 2 
results but with no strong justification. 
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e. Has any sensitivity analysis been undertaken to assess the impact on the predictions for 
uncertainties in input data or model parameters (e.g. grid geometry/grid scale/freshwater flow)? 
 
 The key report to understand sensitivity to grid scale has not been provided for this review. 

 
 No details related to freshwater flow have been described in the Phase 2 model, noting the 

River Conwy is within the model’s Outer grid. 
 

 Sensitivity analysis of near-field source terms for comparison to the Infra Red survey 
observations did not appear to provide much difference to the mid-field results.  The 
apparent limitation in resolving accurate flows within the small embayments, and especially 
west of Wylfa, are relevant to both the ability to replicate Wylfa ‘A’ thermal plume and any 
new discharges in the same area.  This has now been examined by including a source term in 
the model to represent a local high discharge which shows an improvement to the 
representation of flows west of Wylfa Head. 
 

 Existing applications of the Phase 2 model to represent the Wylfa ‘A’ thermal plume appear to 
use a constant heat flux of 25 Wm²K-1.  No sensitivity analysis is presented at this time. 

Second Review 

The Supplementary Information has addressed the first three of the issues noted above.  The fourth 
issue has been partly addressed in relation to further validation of CTD evidence using a heat flux of 
21.7 Wm²K-1 as representative of measured events for July 2011, but no detailed sensitivity analysis is 
offered at this time. 
 
In addition, sensitivity analysis is provided for salinity in Coastal Science (2011). 
 
f. On completion of the verification of the model, was the replication of real data deemed good 

enough for the model to be considered “fit for purpose”? What criteria were used to arrive at this 
conclusion? 

 
 On the basis of presently available comparisons with real data, the model is considered to 

perform well for offshore areas, but less well for inshore areas where complex flows develop 
around headlands. 
 

 The criteria which have been considered for assessing model performance appear to be those 
for an estuarine situation rather than a coastal setting. 
 

 The criteria infer quantification of “fit” between a modelled parameter and the equivalent 
observation, but the information offered at this stage is still largely graphical and qualitative. 
 

 At the present time (i.e. the initial audit) the reviewer considers that more detail is required to 
demonstrate full confidence in the model so that it can be considered sufficiently “fit for 
purpose”, see item (a) above. 

Second Review 

Based on details provided within the Supplementary Information, the flow model is shown to perform 
better in the key area of interest around the proposed location of the marine outfall (inshore area west 
of Wylfa Head) when the high rate of discharge is represented in the model to impart momentum and 
buoyancy influences. 
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On balance, the reviewer is able to confirm that comparisons to measured data are good enough for 
the model to be considered “fit for purpose”.   This assertion is based on the overview of comparisons 
in the model’s ability to recreate appropriate hydrodynamic, dispersion and mixing conditions which 
have also been demonstrated in the horizontal and vertical planes.  
 
g. Comment on the appropriateness of the hydrodynamic survey commissioned by HNP. 

 
 The oceanographic survey commissioned by HNP offers a comprehensive set of relevant data 

to help support verification of both hydrodynamic and advection dispersion parts of the 
model.  The following comments are also made: 
 
- The coverage of the survey is local to the area of interest, so augmentation with other 

background data over a wider area would be expected to support model verification 
especially across the wider domain where a thermal plume may disperse. 
 

- Presently, the interpretative survey report makes no reference to the influence of local 
winds on any measurements. 
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7 Specific Issues 
Aside from the general requirements of the model audit outlined in EA (2006), the scope of the 
present audit also invites remarks for following issues: 
 

 Model build, calibration and validation. 
 

 The ability to predict the mixing of thermal and biocide discharges from the Wylfa Newydd 
power station and for conventional discharges only. 
 

 The consideration of coastal process impacts is limited to changes to bed shear stress only. 
 
In addition, the scope includes for comment on the suitability of the following, in so far as they 
influence the utility of the model for the prediction of thermal and biocide impacts: 
 

 Selection of wind. 
 

 Selection of surface heat transfer model. 
 

 Intake and Outfall representation (general principles as audit may be undertaken before 
detailed designs are available). 

7.1 Model build, calibration and validation 

7.1.1 Model build 

The review of model build is offered with regard to the two following documents: 
 

HNP (2012).  Horizon Modelling For Wylfa: Modelling Scope. WYL-PD-PAC-REP-00003. 
 
HNP (2014).  Marine Modelling and Assessment Methodology.  Wylfa Newydd Project. Horizon-
S5-PAC-REP-00033. 

 
HNP (2012) describes the approach to model design, the phases of development and identifies the 
validation of the model as an upcoming activity.  The general approach appears logical. 

Sensitivity to inflows 

The sensitivity of the Phase 1 model prediction of currents (at the scale of the 350 m grid) in the area 
of interest to freshwater inflows from river sources appears to have been undertaken by Coastal 
Science, however, this report has not been offered to the present review at this time.  As noted above, 
the flows from the local spillway at Wylfa ‘A’ represent a high discharge rate (which is equivalent to a 
large river in magnitude) and remains in the “area of interest”.  At present, the Inner Grid (23.33 m) of 
the Phase 2 model does not appear to include the effect of this discharge on local currents, with a 
recommendation made here for a sensitivity test with regard to improved calibration performance 
against flow measurements at S9, and possibly C1 as well.   
 
N.B. the mean flow rate for the River Mersey is around 37 m³/s, with a 10% exceedance value of 
around 78 m³/s.  In comparison, Wylfa ‘A’ is described with a discharge rate of around 68 to 83 m³/s 
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(HNP, 2015a), and the discharge rate from the new outfall may be higher at around 115 m³/s (Jacobs, 
2015a). 

Second Review 

Additional information is provided in Coastal Science (2011), this work appears to use the 2D depth-
average model from Phase 1.  The main outcome of this work appears to show that depth-average 
flows around Wylfa are not influenced by freshwater discharges along the North Wales coast. 
 
The issue of including the high discharge rate from the existing outfall into the hydrodynamic model 
has now been investigated and shown to provide improvements in model performance in the local 
area. 

Sensitivity to winds 

The sensitivity of the Phase 1 model to winds is summarised, but the work is reported separately.  The 
suggestion from this work is an inshore site east of Wylfa Head with lower tidal conditions is more 
sensitive than an offshore site north of Wylfa Head where wind stress could influence flows by around 
0.08 m/s.  The scenarios which were tested are not stated, however, the sensitivity of inshore flow 
measurements at S9 and S11 to local wind influences remains of interest in terms of presently 
reported Phase 2 model comparisons in HNP (2015b). 

Second Review 

Section 11 of the Supplementary Information provides a consideration of model sensitivity to winds in 
relation to recreating the measured flow events at C1, C2 and C3.   

Sensitivity to waves 

The influence of waves on mixing is identified to work reported in the following report: 
 

HNP (2011).  Hydrodynamic Modelling for Wylfa: Sensitivity to number of layers and grid size 
study. 

 
However, this report has not been made available to the present review, nor has there been any 
subsequent consideration made yet to the wave observations from the oceanographic survey.   

Fate of dredging spoil 

The particle tracking model of Delft3D is proposed to assess the fate of dredged spoil, however, the 
material types, volumes and the location of the preferred spoil ground are not described at this time.  
The suitability of Delft3D to simulate spoil disposal may depend on each of these factors. 
 
The disposal of spoil is generally described from an initial dynamic phase which then develops into a 
passive phase where material is subject to advection.  The particle tracking model is suited to the 
passive phase.  The recommendation is that this type of modelling should consider relevant guidance, 
such as Cefas (2012). 

Tidal scenarios 

A four week period of tides between 26 March and 5 May 2007 is described for the proposed EIA tidal 
scenario and to accommodate variations between typical springs and neaps (HNP, 2012).  Additional 
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scenarios are listed in HNP (2014), including a base case with seasonal variations and the influence of 
wind and waves on vertical mixing, however, no additional details are given. 
 
Using Holyhead as a reference station confirms that tides in the proposed period should reach up to 
6.1 m above local Chart Datum, and be as low as 0.2 m above Chart Datum (18 April).  There are 
periods in the year with slightly bigger spring tides, for example around the vernal equinox (21 
March), when the predicted high water is 6.2 m and the predicted low water is 0.0 m.  For reference, 
highest astronomical tide (HAT) at Holyhead is given as 6.3 m and lowest astronomical tide (LAT) as 
0.0 m.  The larger tides are expected to have the largest plume excursion. 
 
Within the proposed tidal scenario period there are slightly weaker neap tides than mean neap tides, 
for example, on 26 March with high water of 4.3 m and low water of 2.3 m (c.f. mean high water neap 
(MHWN) of 4.2 m and mean low water neap (MLWN) of 2.3 m).  If the model is started on 26 March 
then the “warm-up” period may negate this event as being valid.  Outside of the simulation period 
there are weaker neap tides, for example on 23 August the predicted high water is 4.1 m and the 
predicted low water is 2.4 m).  The smaller tides are expected to have the weakest amount of 
excursion and mixing, resulting in a warmer mid-field area. 
 
Whilst the hydrodynamic model may require a relatively short period of a few hours to “warm-up”, the 
development of a plume will require several tides to achieve a dynamic equilibrium and before model 
predictions can be considered representative.  Details related to “warm-up” periods would be useful. 

Near-field mixing 

CORMIX is referred to in the modelling scope as the approach used to investigate the initial mixing 
process in the near-field.  CORMIX is a well-recognised tool to support outfall design; however, there 
are certain limits on the empirical assumptions, especially in regards to high discharge rates in shallow 
water where the trajectory of the momentum of the plume may impinge on the free surface. 
 
HNP (2014) also identifies the possible use of CFD or physical models to support prediction of near-
field and as a means to complete water quality modelling (Table 14), but no further details are offered 
at this time.  HNP (2011) identifies the same requirement to support final design, noting also the 
present limitations and validity in CORMIX results. 

Second Review 

Section 4 of the Supplementary Information provides comment on the potential use of CFD and 
physical modelling, noting that their role is not expected to be required to support EIA related 
modelling but may serve a purpose in support of engineering design. 
 
No further comment required. 

Climate change 

The parameters listed for a single climate change scenario do not refer to any sensitivity to increased 
windiness or increased wave activity, but do include an allowance for sea level rise.  If the sea level rise 
increase of 0.218 m is applied as a simple linear adjustment to present day mean sea level then there 
is unlikely to be any major change to flows in the model as the head difference across the open 
boundaries will be unchanged.  There may be minor differences to the local mixing process as there 
will be a marginal increase in water volumes; however, this difference is not expected to change 
overall behaviour of the plume. 
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Apart from climate change there are likely to be other non-tidal and tidal influences which may 
influence local dispersion and excursions, such as surge related effects and nodal modulations on tidal 
amplitude which are typically larger than climate change factors.  There are no comments offered at 
this time related to either of these issues. 

Scope comparison to EA guidance 

In general, the proposed modelling approach follows the main requirements of the EA guidance (EA, 
2010). 
 
The main areas picked up by this audit relate to: 
 
 Two models 
 

Whilst the approach described in the modelling scope identifies both CORMIX and Delft3D, for 
consistency with other projects of this type (e.g. Hinkley and Moorside) the expectation would be 
to use an excess temperature model and an absolute temperature model as “two models”. 

 
 EA standards 
 

At present, the standards referred to for calibration are taken from EA (1998) but appear to refer 
to estuarine rather than the more applicable coastal area performance requirements. 

Second Review 

The guideline performance values for coastal areas are now referred to, but these seem to have only 
been partially taken forwards.  In addition, no overall view has been developed from the full set of 
calibration metrics to help develop an overall quantification of “measure of accuracy”. 
 
 Wind driven currents 
 

As yet, there have been no documents made available to examine sensitivity to wind driven 
currents. 

Second Review 

Section 11 of the Supplementary Information provides a consideration of model sensitivity to winds at 
C1, C2 and C3.  This issue is discussed above in Section 6.4. 

 
 River flows 
 

As yet, there have been no documents made available to examine sensitivity to river flows and in 
terms of effects on salinity and stratification.  There is reference to previous work examining 
effects of river flows on currents but this appeared to be undertaken in the Phase 1 model and 
using a 2D approach only. 

Second Review 

Section 9 of the Supplementary Information refers to RWE (2011) as the earlier studies which have 
considered the influence of freshwater flows on salinity and currents, and this document has now also 
been provided to the review process.  The model appears to be depth average, so the influence of 
salinity on flows will be limited to the horizontal and without any effect of stratification.  The river 
inputs are all relatively distant from Wylfa but there does appear to be some variation on salinity at 
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the model location identified as Titan02.  The variation is relatively small (i.e. within 1 PSU) around a 
mean value of 34 PSU.  These results appear consistent to the observed values of salinity reported in 
Titan (2012) although no direct comparison between model and observations is provided.   
 
Interestingly, Titan (2012) suggests that measurements taken “at Site 2 (Figure 5.47) showed that there 
was some salinity stratification in the water column ranging between 33.9 and 34.2 PSU from the 
surface to the seabed respectively”.  This review notes the apparent stratification was short lived and 
the major variation over time seems to be due to tidal advection of the water body passing Site 2.  
River flows appear to be collectively having a small influence on salinity at Wylfa but this variation is 
unlikely to develop any stratification that affects local flows. 

 
No further comment required. 

 
 Sedimentation and erosion 
 

At present, there is limited information related to approach to representing sedimentation and 
erosion other than consideration of changes to bed shear stress.  A further comment is that 
sedimentation and erosion concerns may be heightened during the construction period when 
there are short-term disturbances.  There are limited details about the construction timeline or 
construction methods at the present time. 
 
This item is now considered to be outside of the present audit for thermal plume modelling. 

 
 Range of plausible scenarios for climate change 
 

At present, a single climate change scenario is offered for a single median emission case and for a 
single forward period in time (HNP, 2012).  The guidance suggests a plausible range of scenarios 
which is considered to refer to both different emission cases and different future events. 

Summary of model build 

The audit has highlighted a number of areas where further supporting information should be offered 
to ensure the approach to modelling meets present expectations. 

7.1.2 Calibration and validation 

The review of model calibration and validation is offered in Section 6.2 and 6.3. 

7.2 The ability to predict the mixing of thermal and biocide 
discharges from the Wylfa Newydd power station 

Delft3D is considered capable of simulating both thermal discharge and biocide discharges from the 
mid to far-field zones. 
 
CORMIX compliments Delft3D to assess the scale of initial mixing across the near-field. 
 
In combination, these two models represent a suitable approach to predicting the mixing of thermal 
and biocide discharges from the Wylfa Newydd power station on the basis that they are configured 
appropriately, are supported by adequate calibration and validation, and their applications remain 
within the capabilities of the models. 
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At the present time the documents provided for audit focus on the presentation of the present day 
hydrodynamic regime and thermal discharges related to the operating conditions of Wylfa ‘A’. 
 
As yet no specific details are offered for biocide concentrations or decay rates, although HNP (2014) 
identifies a number of additional reports related to chlorine decay measurements in saline waters for 
periods in 2011 and 2012. 

7.3 Consideration of coastal process impacts 

HNP (2012) outlines the potential use of the flow model to study sediment transport issues.  In 
particular, the potential for the impacts from the construction and operation of cooling water intake 
breakwaters and other marine structures to modify patterns of sediment transport in the vicinity of 
Wylfa and in particular the Cemlyn SPA.  The suggestion is made that this can be achieved with 
consideration of changes in bed shear stress with and without such structures in place.   
 
To understand how changes in bed shear stress will modify patterns of sediment transport will require 
consideration of relevant critical thresholds for the variety of sediment types present in the area of 
interest.  The work would also need to be supported by a conceptual overview to describe the link 
between sediment sources, the conditions that drive sediment pathways and the link to sediment 
sinks across the area of interest.  The modelling work should be guided by this conceptual overview to 
test how the development may change these relationships. 
 
Presently, there is an inferred map of sediment distribution developed from the oceanographic survey 
but no detailed quantification of sediment composition from particle size analysis of grab samples.  
The model is also unlikely to directly resolve scour mechanisms around new breakwaters.  In addition, 
the ambient concentration of suspended sediments may be unrelated to local seabed sediments so 
the potential for greater settlement and rates of local accretion would have to be assessed using other 
methods than examining changes in bed shear stress. 

7.3.1 Wave modelling 

As yet, no wave model or detailed scenario list of wave events has been presented to consider how 
this would support the assessment of coastal process impacts.  There are no details provided at this 
time on how wave effects will be considered in contributing to vertical mixing processes related to the 
thermal plume. 
 
HNP (2014) identifies SWAN as an option for a (phase average) wave transformation model and with 
the possibility of using other local (phase resolving) wave “disturbance” models such as ARTEMIS, 
Mike BW or IHFOAM.  SWAN is a wave model that is also compatible with Delft3D. 
 
The recommendation from this audit is to consider carefully the local wave modelling requirements to 
represent irregular waves, wave breaking, reflections off structures and diffraction around structures.  
Necessarily, any detailed modelling will need to resolve relevant structures in sufficient detail and 
consider sensitivity analysis for wave reflection coefficients off structures (e.g. new quaysides and new 
breakwaters). 
 
The oceanographic survey (Titan, 2012) includes local wave observations at the four fixed point 
current meter deployments, as outlined in Section 5.1.1.  This data should be considered primary to 
the verification of any local wave model.  A provisional examination of this data, as presented, also 
appears to indicate a semi-diurnal periodicity in the wave time series which indicates the waves are 
being locally modulated by the tides.  In addition, offshore waves were measured for periods in 2010 
to support studies related to the Irish Sea Offshore Wind Farm Round 3 zone with a long-term wind 
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and wave measurement also available from the Irish Weather Buoy Network for the site in the Irish 
Sea referred to as M2.  These two additional sources of information remain valuable to confirming the 
offshore wave climate. 
 
This item is now considered to be outside of the present audit for thermal plume modelling. 
 
However, the recommendation of this audit is any proposal for wave modelling required to support 
the development of Wylfa also needs to deliver a similar level of transparency and confidence as that 
being considered here to support the modelling of thermal plumes.  As this item is outside of the 
present audit scope, then a separate audit of any such wave modelling is recommended. 

7.4 Selection of wind 

The model reports and supporting documents provided to the audit identifies that local wind 
influences are based on measured wind records from RAF Valley for the period 2003 and 2012.  RAF 
Valley is a land based observation station which may include local topographic influences, especially 
from the east. 
 
In comparison, Wylfa is exposed to sea breezes from west to north to easterly sectors but is relatively 
sheltered from the south by a belt of higher ground which is generally over 200 feet above sea level 
(Figure 10).  
 

 

Figure 9. Terrain map of Anglesey (from Google Map) 

 
Alternate wind data sourced from the Met Office’s NWP model (Jacobs, 2015b) is likely to represent a 
scale of around 12 km (tbc) if the data relates to a set of archived predictions back to 2003.  Present 
NWP capabilities include a finer grid of 1.5 km but this is not expected to have a sufficient archive 
suited to developing a long term record.  The timestep of the archive data is also uncertain. 
 



Audit of the Wylfa Hydrodynamic Model    Jacobs 

ABPmer, September 2016, R.2583 P2  | 48 

NWP is a meso-scale forecasting service which is largely proven to be sufficient for national scale 
requirements.  Representation of the coastline and topographic features is limited to the grid 
resolution.  There is no specific reference offered to the grid cell offered for the Wylfa project. 
 
There is no comparison presented between these two datasets, but the use of real observations is 
generally preferred to equivalent predictions, so long as the site for any wind observations is 
sufficiently representative for the area of interest. 
 
The absence of any locally measured wind data from Wylfa ‘A’ is surprising.  A recommendation is 
made from this audit to obtain some local measurements and compare with equivalent observations 
to help verify the suitability of RAF data as a site for representative wind data, even if this was a short 
period of a few months. 
 
A further comment on the potential application for wind data is in relation to any wave modelling.  For 
this requirement a large wind field would need to be defined so that a set of spatial information over 
a suitable length scale can develop waves across relevant fetches to Wylfa ‘A’.  Great care is required 
in undertaking this type of modelling and to verify that boundaries are accounting for all relevant 
processes.  HNP (2014) mentions transforming 30-years of offshore data but the provenance of this 
data is not described.  A hindcast of 30-years of suitable data for the Irish Sea is relatively uncommon. 

Second Review 

Section 6 of the Supplementary Information provides a comparison of RAF Valley wind observations 
against a short period of local observations in April 2011 obtained from a met station attached to an 
existing mast belonging to Wylfa ‘A’.  This comparison responds to a consideration from the first 
review and tends to support topographic influences at Wylfa ‘A’ which are not affecting RAF Valley in 
the same way.  For the short period shown, then RAF Valley winds tend to be greater than those 
recorded at the met mast, typically by around 2 m/s, noting the height of each observation is not 
given.  The directional comparison is less clear but generally shows a better correlation during the 
periods of stronger winds. 
 
Comment is also made that long term data for the period 2003 to 2009 from RAF Valley and the Met 
Office’s Numerical Weather Prediction (NWP) model show that the modelled winds are broadly the 
same as the Valley data.  These details have not been presented to the review process.  If these data 
compare well, then RAF Valley data could be considered as the means of validating the use of the 
NWP data sampled for the Wylfa site.  A simple wind rose comparison of these two long term datasets 
would be welcomed. 
 
Finally, if RAF Valley wind data remains as a means of establishing heat flux coefficients, then some 
comment would seem appropriate on the potential for bias in the determination of this coefficient if 
local winds are generally lower, at least for those directions shown in the present comparison. N.B. 
northerly winds at Wylfa, which are mentioned for potential scenarios in Jacobs (2015b), may actually 
be stronger than those observed at RAF Valley. 

7.5 Selection of surface heat transfer model 

Several reports describe the approach to estimating surface heat flux.  These include: 
 

 RWE (2011).  Engineering Report.  Wind and Heat Transfer at Wylfa: Conditions to be used in 
hydrodynamic modelling.  Prepared for: Horizon Nuclear Power.  ENV\447\2011.  January 
2011. 
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 HNP (2012).  Hydrodynamic modelling for Wylfa.  Wind and Heat Transfer.  WYL-PD-PAC-REP-
0007. 
 

 Jacobs (2015b).  Surface heat flux modelling – change of methodology.  V1.  22/09/2015. 
 

 A. Moores (2015).  Selection of wind sensitivity conditions. 14/10/2015. 
 

The most recent documents produced in 2015 have been considered as providing current details.  
 
Two relationships are referred to throughout to help develop heat flux coefficient; Lane (1989) and 
Sweers (1979).   
 
The Lane formulation is recognised as part of the Ocean heat flux model (Model 5) in Delft3D, and 
represents one of the options to simulate absolute temperature.  The Deflt3D user manual suggests 
this option is suited to large water bodies. 
 
The Sweers formulation is recognised as the method used in the excess temperature model (Model 3). 
 
The validity of developing heat flux coefficients using the Lane formulation and applying these in the 
excess temperature model is uncertain as other allowances and assumptions may be involved within 
the Delft3D code that negate this being good practice.  The audit recommends the Sweers 
formulation for heat flux remains for excess temperature. 
 
In either case, the estimation for the heat flux depends on several variables, notably local wind 
conditions and sea water temperatures.  Previous comments have been made about the reliability or 
potential bias in each dataset. 
 
Sensitivity testing should remain in the application of any heat flux coefficient and look at both 
seasonal variations, as considered in Jacobs (2015b) and with upper and lower bounding values to 
manage any remaining uncertainties in the development of the coefficients. 

Second Review 

Section 10 of the Supplementary Information provides additional remarks about the heat loss 
coefficient, suggesting that a value of 25 Wm²K-1 was applied as a fixed value to represent the 
Magnox plume observed in the Infra Red survey, but seasonal based coefficients will be used to 
examine the new discharge, as noted above.  The only additional comment offered in the second 
review is that the Infra Red survey was undertaken in March and the value now suggested for Spring is 
much lower, 19.7 Wm²K-1.  The Supplementary Information also suggests that the thermal plume is 
relatively insensitive to surface (heat) loss, however the evidence offered from Section 5.2.1 above, and 
in regards to ambient temperature, may not support this assertion. 
 
No further action required. 

7.6 Intake and outfall representation  

HNP (2014) notes that there may be a need to locally refine the grid resolution in the model and 
depending on the discharge location.  This audit suggests that a similar need should be considered to 
enable sufficient representation of all new structures, including those listed in Section 3. 
 
The need to consider intake and outfall velocities may also require the use of a finer scale model and 
with the inclusion of momentum from the discharge into the flow at an appropriate scale, given that 
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the abstraction and discharge rates are relatively large.  Presently, the information describing Phase 2 
modelling is not sufficiently clear on this issue and appears to focus on the thermal emission rather 
than the momentum imparted into the ambient flows by high discharge rates. 
 
In regard, to representation of the near-field plume, the association with CORMIX results and the 
establishment of initial conditions for Delft3D could also benefit from greater clarity.  Specifically, to 
explain how values presented as CORMIX results in Table 2 of Jacobs (2015a) relate to the 
approximations for representation of the outfall discharge in Delft3D, in particular, commenting about 
the volume assumptions made for (i.e. cell dimensions for the location of source terms). 

Second Review 

Section 3 (paragraph 3) of the Supplementary Information provides additional clarification on the 
means by which CORMIX results are used to establish initial conditions in Delft3D.  The information 
about how centreline and breadth and depth of the plume have been considered is useful, but this 
information is not presented to show any examples.  Further to this, it is noted that HNP (2011) states 
CORMIX predictions should be treated as indicative only. 
 
Section 11.6 of the Supplementary Information shows the benefit of including a representation of 
momentum and buoyancy for the description of the marine discharge into the ambient flow, given 
that the discharge rates are relatively large. 
  



Audit of the Wylfa Hydrodynamic Model    Jacobs 

ABPmer, September 2016, R.2583 P2  | 51 

8 Fitness for Purpose 
Comment on the overall fitness for purpose of the model. 

8.1 Hydrodynamic and thermal dispersion modelling 

As stated in Section 6.4 item f., the audit considers that more detail is required to demonstrate full 
confidence in the model so that it can be considered sufficiently “fit for purpose” to support thermal 
dispersion studies for the new outfall and intake arrangements at Wylfa.   
 
CORMIX is a recognised tool for developing near-field conditions; however, a better explanation is 
required as to how results are used in the definition of initial conditions for Delft3D. 
 
Delft3D remains as a suitable model for these requirements, but the application of the model needs to 
be further proven for the area of Cemlyn Bay, in particular, as this is the key location being considered 
for the proposed new outfall as well as for a range of environmental issues, including; 
 

 Location of the proposed outfall for thermal and biocide discharge 
 Local dredging (and marine disposal) 
 New structures (outfall, breakwater and MOLF)  
 Effects on Cemlyn SPA 

 
Available observational flow records in Cemlyn Bay may be representative of the previous Wylfa ‘A’ 
baseline; however, since the end of 2015 this site is no longer operational.  Given issues with present 
performance of the model in this area, there may be benefit in obtaining additional flow records to 
define present baseline conditions. 

Second Review 

From the review of the additional information provided in the Supplementary Information the 
reviewer is able to confirm, on balance, that comparisons to measured data are good enough for the 
model to be considered “fit for purpose”.   This assertion is based on the overview of comparisons in 
the model’s ability to recreate appropriate hydrodynamic, dispersion and mixing conditions which 
have also been demonstrated in the horizontal and vertical planes.  
 
The type of discharge being considered at this time is likely to be beyond the capability of CORMIX, 
and the reviewer agrees with the comment that any results from CORMIX should be treated as 
indicative only.  However, the way CORMIX has been used means that results are only considered to 
inform the scale of near-field mixing to set initial conditions of source terms applied in Delft3D.  

8.2 Biocide and dissolved oxygen modelling 

As yet there have been no details offered to provide audit of modelling either biocide or dissolved 
oxygen processes.  This item is now considered to be outside of the present audit scope. 

8.3 Wave and sediment transport modelling 

As yet there have been no details offered to provide audit of either wave or sediment transport 
models.  This item is now considered to be outside of the present audit scope.  
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9 Summary 
A comprehensive audit process of the Wylfa Hydrodynamic Model has been completed in line with 
the EA specification (EA, 2006). 
 
The audit process has been carried out in two phases to allow for feedback between initial findings of 
the process and the team developing the model.  This engagement process has proved extremely 
productive to the aims and scope of the audit and has enabled marked improvements to be made in 
the demonstration of model performance against a comprehensive range of field observations. 
 
On the basis of the currently implemented options for inclusion of high discharge flows into the 
hydrodynamic and advective dispersion schemes then the review is able to confirm, on balance, that 
comparisons to measured data are good enough for the model to be considered “fit for purpose” for 
the key purpose of investigating thermal dispersion requirements of the marine consent.  
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Executive Summary 
Jacobs UK Limited (Jacobs) was commissioned by Horizon Nuclear Power Wylfa Limited (Horizon) to undertake 
a full marine ecological survey programme to inform various applications, assessments and permits to be 
submitted for approval to construct and operate the Wylfa Newydd Project.  Part of the work programme 
involved surveys at the existing Magnox power station (referred to as the Existing Power Station hereon in) 
cooling water intake to understand the current rates of impingement and entrainment of fish, including their eggs 
and larvae (ichthyoplankton) within the CWS, a process termed “entrapment”.  This report details the findings of 
the entrapment surveys undertaken in 2011 and 2012 on the site of the Existing Power Station.  

A total of 55 24-hour surveys were completed between March 2011 and July 2012 inclusive.  Impingement 
surveys monitored the fish taxa caught on the cooling water drum screens (10 mm mesh) and also recorded 
macroalgae and invertebrate taxa.  Entrainment surveys sampled cooling water from tap-off points on each of 
the four drum screens by running a known volume of water through a 500 µm mesh net.  This sample was then 
analysed for ichthyoplankton. 

The impingement rates of fish were lower in biomass but higher in number than those recorded previously in the 
late 1980s (Spencer, 1990).  Extrapolation of the data for the Existing Power Station estimated the annual catch 
at the maximum abstraction rate of 70 m3/s to be approximately 79,450 fish with a biomass of approximately 
1.8 tonnes.  This compares with an annual biomass impingement estimation of 2.4 tonnes during the late 
1980s. 

Impingement of fish peaked during the winter when higher numbers of sprat, herrings, dragonets, sea scorpions 
and lesser-spotted dogfish were impinged.  Increased numbers of juvenile gadoids (particularly whiting) are 
impinged between May and July.  Ninety-five percent of all fish species impinged during the present study had a 
standard length equal to or less than 18 cm.  The smallest minimum landing size for a fish species, as stipulated 
by the Council Regulation (EC) No. 850/98, is 11 cm which is based on pilchard (Sardina pilchardus). Very few 
fish of any commercial value were impinged with 87% of all fish being 11 cm or less.  Impingement of fish at the 
Existing Power Station is very low; it remains lower than at other UK power stations and is considered to not 
pose any threat to commercial stocks. 

The main bulk of all impinged material was composed of marine macroalgae and invertebrates.  Increased 
impingement of material was found to be approximately correlated to periods of strong north-westerly winds.  
Impingement of lobsters was low with an estimate of approximately 65 impinged per year.  Impacts on the local 
lobster fishery are considered to be negligible. 

The peak season for larval entrainment was between February and June in both years when sampling was 
completed.  This peak season coincided with peak abundances recorded from coastal ichthyoplankton surveys.  
Entrainment samples contained a similar species complement to coastal plankton samples although a number 
of species including snake pipefish, lumpsucker, goldsinny wrasse and topknot, were recorded in entrainment 
samples only.  The overall abundance of larvae in the entrained samples was often only around 10% - 20% of 
that recorded from the coastal samples.  The position of the present intake close to shore and on the seabed, is 
the likely reason for these differences. 

Entrapment catches of sea bass, whiting, plaice, sprat, herring, clupeids (assuming these are either sprat or 
herring), Dover sole, solenette, dab, sandeel, goldsinny wrasse, corkwing wrasse, dragonet and gobies1 were 
extrapolated to the maximum abstraction rate of the Existing Power Station (70 m3/s) and assessed using the 
Equivalent Adult Value (EAV) concept.  Annual entrapment EAVs of commercial fish species (sea bass, whiting, 
plaice, sprat, herring and Dover sole) each represented between 0.0005% and 0.09% of adult fish removed by 
commercial fishing efforts within the Irish Sea.  The number of dab equivalent adults entrapped represented 
0.01% of population estimates for the eastern Irish Sea.  

Sandeel and clupeids are known to be principle prey species of Sandwich, common and Arctic terns. The 
biomass of sandeel and clupeids entrapped at the Existing Power Station during the breeding season (1st April 

                                                 
1 EAVs for gobies were only applied to the entrained fraction owing to their size and the variable life histories demonstrated by goby species.  
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to 31st July) represents 0.4 - 0.7% of that which would be required to sustain the tern populations of the 
Anglesey Terns/Morwenoliaid Ynys Môn SPA (calculations assume a five year mean population size: 
1992 - 1996 for Arctic and common terns and 1993-1997 for Sandwich terns).  Entrapment of fish species 
known to be prey of grey seal equated to the annual diet of one average sized adult.  
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1. Introduction 
1.1 Overview 

Horizon Nuclear Power Wylfa Limited (Horizon) is currently planning to develop a new nuclear power station in 
north Anglesey as identified in the National Policy Statement for Nuclear Power Generation (EN-6) (Department 
of Energy and Climate Change, 2011).  The Wylfa Newydd Project (the Project) comprises the proposed new 
nuclear power station, including the reactors, associated plant and ancillary structures and features, together 
with all of the development needed to support its delivery, such as highway improvements, worker 
accommodation and specialist training facilities.  The Project will require a number of applications to be made 
under different legislation to different regulators.  As a Nationally Significant Infrastructure Project under the 
Planning Act 2008, the construction and operation must be authorised by a Development Consent Order. 

Jacobs UK Limited (Jacobs) was commissioned by Horizon to undertake a full ecological survey programme 
within the vicinity of the proposed new nuclear power station on Anglesey (the Wylfa Newydd Generating 
Station).  This work has included the gathering of baseline data to inform the various applications, assessments 
and permits that will be submitted for approval to construct and operate the Power Station and Associated 
Development2.  Part of the work programme involved surveys at the existing Magnox power station (referred to 
as the Existing Power Station hereon in) cooling water intake to understand the current rates of impingement 
and entrainment of fish and their eggs and larvae (ichthyoplankton) within the Cooling Water System (CWS), a 
process termed “entrapment” (see Section 1.5 for further explanation of terminology). 

This report details the findings of the entrapment surveys undertaken in 2011 and 2012 on the site of the 
Existing Power Station.   

This report uses a number of technical terms and abbreviations.  It also makes reference to legislation that was 
in force at the time of publication.  Key terms are capitalised and explained with their acronyms within the text.   

1.2 The Wylfa Newydd project 

The Project includes the Wylfa Newydd Generating Station and Associated Development.  The Wylfa Newydd 
Generating Station includes two UK Advanced Boiling Water Reactors to be supplied by Hitachi-GE Nuclear 
Energy Limited, associated plant and ancillary structures and features.  In addition to the reactors, development 
on the Power Station Site would include steam turbines, control and service buildings, operational plant, 
radioactive waste storage buildings, ancillary structures, offices and coastal developments.  The coastal 
developments would include a CWS intake and breakwater, and a Marine Off-Loading Facility (MOLF). 

1.3 The Wylfa Newydd Development Area 

The Wylfa Newydd Development Area (the indicative areas of land and sea, including the Power Station Site, 
the Wylfa NPS Site3 and the surrounding areas that would be used for the construction and operation of the 
Power Station) covers an area of approximately 409 ha.  It is bounded to the north by the coast and the Existing 
Power Station.  To the east, it is separated from Cemaes by a narrow corridor of agricultural land.  The A5025 
and residential properties define part of the south-east boundary, with a small parcel of land spanning the road 
to the north-east of Tregele.  To the south and west, the Wylfa Newydd Development Area abuts agricultural 
land, and to the west it adjoins the coastal hinterland. 

The Wylfa Newydd Development Area includes the headland south of Mynydd-y-Wylfa candidate local wildlife 
site.  There are two designated sites for nature conservation within the Wylfa Newydd Development Area: the 

                                                 
2 Development needed to support delivery of the Power Station is referred to as ‘Associated Development’. This includes highway 
improvements along the A5025, Park and Ride Facilities for construction workers, Logistics Centre, Temporary Workers’ Accommodation, 

specialist training facilities, Horizon’s Visitor Centre and media briefing facilities . 
 
3 The site identified on Anglesey by the National Policy Statement for Energy EN-6 (Department of Energy and Climate Change, 2011) as 
potentially suitable for the deployment of a new nuclear power station.  
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Tre’r Gof Site of Special Scientific Interest (SSSI) and the Anglesey Terns/Morwenoliaid Ynys Môn Special 
Protection Area.  There is also a candidate Special Area of Conservation (cSAC) that has been submitted to the 
European Commission, but not formally adopted (North Anglesey Marine/Gogledd Môn Forol cSAC).  The Wylfa 
Newydd Development Area is within 1 km of the Cae Gwyn SSSI and Cemlyn Bay Special Area of Conservation 
(SAC) and SSSI4. 

1.4 Study aims and objectives 

The CWS methodology to be adopted at the Wylfa Newydd Generating Station has yet to be determined but the 
preferred option for maximising plant efficiency is direct cooling, which will require seawater extraction from the 
local environment.  Marine fauna and flora in the vicinity of the new intake would be at risk from entrapment into 
the CWS.  

The aim of the entrapment surveys was to sample the fish entrained and impinged at the Existing Power 
Station.  At the same time, the opportunity to record the invertebrates and macroalgae impinged on the screens 
was also taken.  

The objective was to develop an up-to-date and robust understanding of the site-specific impingement and 
entrainment rates at the Existing Power Station for the purpose of quantifying losses to the marine ecosystem.  
This dataset will be used to estimate the magnitude of losses from the operation of the proposed Wylfa Newydd 
Generating Station and inform appropriate best practice in terms of design to reduce entrapment within the 
CWS, and ensure maximum survival and return of organisms to the marine environment.  This information will 
be used within the Environmental Statement and other supporting documents which will be required as part of 
the application process for the Wylfa Newydd Project.  

The sampling programme was designed in accordance with guidelines developed by the British Energy 
Estuarine and Marine Studies Expert Panel (BEEMS) (2010a; 2010b).  The surveys aimed to provide fish 
impingement and entrainment data comparable to those obtained previously (Dempsey and Rogers, 1989; 
Spencer, 1990).  Following BEEMS guidance, entrapment data was assessed using the Equivalent Adult Value 
(EAV) concept to determine the commercial significance of catches in relation to fishing statistics (BEEMS, 
2010a).  This method was expanded to determine the ecological significance of catches of non-commercial 
species, where applicable, in relation to population estimates and natural predation. 

1.5 Terminology 

The following terminology is used in this report. 

• Entrapment – the process by which any organism, irrespective of its size, is drawn into the CWS intake.  
The term implies the organism is unable to resist capture; this may be owing to no or poor swimming ability 
or failing to detect the intake structure. 

• Impingement – entrapped organisms that are too big to pass through the fine mesh on the CWS drum 
screens.  These are removed from the screenwell by collection buckets on the drum screen and then 
washed free by a water jet system to a trash channel.  Examples include adult and juvenile fish, 
macroinvertebrates (e.g. crabs, jellyfish) and macroalgae.  

• Entrainment – organisms small enough to pass through the fine mesh of the CWS drum screens including 
phytoplankton, zooplankton and ichthyoplankton.  These organisms pass through the entire CWS and are 
subjected to biocides, mechanical stresses and changes in pressure and temperature.  

1.6 Cooling water intake arrangement 

The CWS intake structure of the Existing Power Station is located between Wylfa Head and Porth-y-pistyll (blue 
circle in Figure 1.1).  It comprises two submerged vertical intakes sited to either side of a short jetty.  The intake 
pipes sit just proud of the seabed and consist of a vertical shaft approximately 20 m in height with an 8.6 m2 

                                                 
4 Note that the format of names for designated and conservation sites are consistent with JNCC guidance.  
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cross-section.  The subsequent tunnel leading to the forebay is approximately 210 m long with an 11.9 m2 
cross-section before rising up vertically into the forebay (Figure 1.2).  

The structures resemble a modern velocity cap design, drawing water horizontally through circumferential 
apertures protected by a coarse screen formed of drop-in vertical steel rods at 380 mm spacing with 455 mm 
pitch.  The central part of each cap can be lowered to plug the down shaft, but this dual use necessitates eight 
guide slots of approximately 5 m2 total area in the cap.  These permit ingress of fish, invertebrates and 
seaweed.  
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Figure 1.1: The location of the CWS intake (overlaid blue circle) for the Existing Power Station on north Anglesey.
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Figure 1.2: Schematic of the CWS intake at the Existing Power Station (taken from Technical Drawing No. 51321 (1968)  
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2. Impingement 
2.1 Methodology 

A total of 55 impingement surveys were completed at the Existing Power Station between 22nd March 2011 and 
31st July 2012.  Surveys were scheduled on a random basis to avoid tidal bias.  The dates of all the surveys 
conducted are provided in Appendix A. 

Netlon™ baskets with a 5 mm mesh were constructed around thin (2.5 mm) steel frames designed to provide a 
tight fit into the drum screen wash-off channels.  The baskets were approximately 1 m long and filled the entire 
cross-section of each channel, approximately 0.1 m2.  In this way, all debris, macroalgae, invertebrates and fish 
removed from the screens were sampled in the baskets (Figure 2.1).  

 

Figure 2.1 : An impingement-sampling basket about to be deployed (left) and a basket sampling in the drum screen wash 

channel (right). 

At the start of each 24-hour survey, the Netlon™ baskets were placed into the wash-off channels and the time 
noted; most often, this was early to mid-morning between 08:00 and 10:00.  Often the baskets were emptied 
and replaced at the end of the first day after six to seven hours and the catch analysed.  Overnight, periodical 
checks were made of the sampling baskets by station staff.  If the baskets became too full, the catch would be 
emptied into buckets and held for processing and the baskets replaced. 

At the end of each sampling period, the baskets were removed from the wash-off channels and the time noted.  
The entire catch was then processed.  The total volume (in litres) of the catch was recorded and an assessment 
made of the percentage composition of macroalgae, invertebrates and fish.  

Dominant macroalgae species were recorded and the presence of other species noted.  Mobile invertebrates 
were enumerated whilst the presence of sessile and colonial organisms was recorded simply as ‘present’.  All 
individual fish were identified to the lowest possible taxonomic level, measured (standard length) and weighed 
to the nearest gram.  Records were also made as to whether a fish was dead or alive and of any apparent 
exterior physical damage. 

2.1.1 Data analysis 

Impingement data were analysed to identify the species assemblage and life stages most frequently impinged 
at the Existing Power Station.  Seasons of peak impingement were identified as were environmental conditions 
considered to influence the rate of impingement. 

On 20 sampling occasions, the volume of material coming through the screens was so great that the baskets 
could not be left unattended as they clogged rapidly, causing water and debris to spill over into the screenwell 
area.  On these occasions, the survey was either cut short and a note made of the time, or re-scheduled for 
another day.  Furthermore, the four abstraction pumps were not always operating at full capacity during the 
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impingement surveys.  Consequently, the volume (m3) of cooling water abstracted by the Existing Power Station 
during each survey was not consistent (see Appendix B).  To compare catches between surveys and to identify 
temporal trends in impingement, the number and biomass of marine flora and fauna has been standardised to 
106 m3 of seawater abstracted.  This has been calculated by dividing raw abundances and biomass by the 
volume of seawater abstracted (m3) during the survey period and then multiplying by 106.  

2.1.1.1 Extrapolations 

To estimate the abundance and biomass of fish impinged annually at the Existing Power Station, data from the 
impingement monitoring programme was extrapolated to the maximum permissible abstraction velocity of 
70 m3/s. Raw abundance and biomass data sampled during surveys carried out within a given month were 
summed and then divided by the volume of water abstracted during the corresponding period to yield estimates 
per m3 of cooling water abstracted.  These values were then multiplied by the volume of water abstracted (m3) 
during each month (assuming a constant abstraction velocity of 70 m3/s) to give extrapolated monthly 
impingement estimates.  Summation of these values provides an annual estimate of impingement.  

2.2 Results  

2.2.1 Overall 

Although the primary reason for the impingement surveys was to monitor the fish impinged on the CWS 
screens, the vast majority of material impinged comprised invertebrates and macroalgae (seaweed).  The total 
volume (litres) of invertebrates and fish (fauna) as well as macroalgae (flora) impinged on the screens was 
estimated for each survey (Figure 2.2).  Overall, the volume of marine flora and fauna impinged was greatest 
between May and June in both years with the exception of a number of isolated peaks during the autumn and 
winter months.  Anecdotal evidence suggests that wind direction influences impingement rates, particularly 
when it blows strongly from the north-west (290° - 310°) during and preceding the surveys.  This was 
particularly apparent during October 2011 and January 2012 when the wind was gusting to force eight and 
above5.  Although winds from a north-west direction did not coincide exactly with peaks observed in May 2011 
and June 2011, the wind had been blowing from this direction at around a force six during the preceding one to 
two days.  The influence of wind speed and direction is believed to be an important factor affecting the 
impingement of marine flora and fauna on the CWS screens at the Existing Power Station. 

                                                 
5 The Beaufort Scale is an empirical measure (Force 0-12) for describing wind intensity based on observed sea conditions.  



Entrapment of Marine Organisms at the Existing Power 

Station 

 

 

 
60PO8032/AQE/REP/002 10 

 

Figure 2.2 : Total volumes (litres) of marine fauna (fish and invertebrates) and flora (macroalgae) impinged during each survey 

at the Existing Power Station between April 2011 and July 2012 inclusive.  Values have been scaled to 106 m3 of seawater 

abstracted to permit comparison.  Macroalgae and invertebrates were not consistently separated during the first few months of 

survey work so are not displayed separately prior to September 2011. 

2.2.2 Fish 

In total, 5,081 fish weighing a total of 143.9 kg and representing 65 species were sampled over the 55 surveys 
(Table 2.1).  The most numerous species sampled was sprat (Sprattus sprattus) and the species that 
represented the highest total biomass sampled was the lesser-spotted dogfish (Scyliorhinus canicula).  

Table 2.1 : Total numbers and biomass (g) of fish taxa impinged on the CWS screens at the Existing Power Station during 55 

surveys between March 2011 and July 2012.  Data are shown in order of abundance.  Shaded taxa were within the 95th 

percentile of total abundance.  (* Note: specimens were too small or damaged to weigh hence biomass not recorded.) 

Taxa Common name Numbers Biomass (g) 

Sprattus sprattus Sprat 1,946 2,918 

Atherina presbyter Sand smelt 486 1,376 

Merlangius merlangus Whiting 356 1,505 

Clupea harengus Herring 274 1,575 

Taurulus bubalis Long-spined sea scorpion 184 2,971 

Agonus cataphractus Pogge 181 2,056 

Echiichthys vipera Lesser weever 147 654 

Scyliorhinus canicula Lesser-spotted dogfish 146 68,836 

Ciliata mustela Five-bearded rockling 143 3,175 
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Taxa Common name Numbers Biomass (g) 

Callionymus lyra Common dragonet 139 777 

Pollachius pollachius Pollack 133 11,079 

Spinachia spinachia Fifteen-spined stickleback 82 301 

Callionymus sp. Dragonet 78 115 

Gadidae Cod family 74 120 

Ammodytes tobianus Lesser sandeel 71 409 

Syngnathus acus Greater pipefish 60 391 

Limanda limanda Dab 52 1,515 

Trisopterus minutus Poor cod 49 667 

Labrus bergylta Ballan wrasse 37 6,930 

Pleuronectes platessa Plaice 35 1,585 

Clupeidae Herring family 33 44 

Symphodus melops Corkwing wrasse 29 1,032 

Ammodytes sp. Sandeel 28 324 

Indeterminate Indet.  25 31 

Lipophrys pholis Shanny 23 146 

Pollachius virens Saithe 19 1,750 

Gadus morhua Cod 18 2,698 

Scyliorhinus stellaris Nurse hound 16 5,840 

Gobiidae Goby family 14 13 

Arnoglossus laterna Scaldfish 12 122 

Callionymus reticulatus Reticulated dragonet 12 135 

Entelurus aequoreus Snake pipefish 12 149 

Ctenolabrus rupestris Goldsinny wrasse 11 136 

Gaidropsarus vulgaris Three-bearded rockling 11 1,341 

Pholis gunnellus Butterfish 10 88 

Syngnathidae Pipefish family 10 15 

Centrolabrus exoletus Rock cook 8 34 

Trisopterus luscus    Pouting 8 176 

Gobius paganellus Rock goby 7 48 

Myoxocephalus scorpius Short-spined sea scorpion 7 196 

Pomatoschistus minutus Sand goby 7 12 

Eutrigla gurnardus Grey gurnard 6 8 

Zeus faber John Dory 6 84 

Chelon labrosus Thick-lipped grey mullet 5 6,356 

Cyclopterus lumpus Lumpsucker 5 2,858 

Raja clavata Thornback ray 5 58 
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Taxa Common name Numbers Biomass (g) 

Dicentrarchus labrax Sea bass 4 3,065 

Pomatoschistus sp. Goby sp.  4 5 

Buglossidium luteum Solenette 3 7 

Ciliata septentrionalis Northern rockling 3 15 

Gobiusculus flavescens Two-spot goby 3 3 

Parablennius gattorugine Tompot blenny 3 42 

Raniceps raninus Tadpole fish 3 256 

Callionymus maculatus Spotted dragonet 2 7 

Chelidonichthys cuculus  Red gurnard 2 29 

Conger conger Conger eel 2 3,400 

Cottidae Sea scorpion family 2 2 

Liparis liparis Striped sea snail 2 13 

Liparis montagui Montagu's sea snail 2 8 

Platichthys flesus Flounder 2 438 

Solea solea Dover sole 2 512 

Thorogobius ephippiatus Leopard-spotted goby 2 6 

Aphia minuta Transparent goby 1 1 

Blenniidae Blenny family 1 1 

Gasterosteus aculeatus Three-spined stickleback 1 2 

Labridae Wrasse family 1 1 

Labrus mixtus Cuckoo wrasse 1 70 

Lampetra fluviatilis River lamprey 1 29 

Liparidae Sea snail family 1 4 

Liza aurata Golden grey mullet 1 933 

Maurolicus muelleri Pearlside 1 1 

Melanogrammus aeglefinus Haddock 1 3 

Molva molva Ling 1 1 

Mugilidae Grey mullet family 1 1,420 

Pomatoschistus microps Common goby  1 1 

Raja montagui Spotted ray 1 980 

Scophthalmidae  Topknot sp. 1 6 

Scyliorhinus sp. Dogfish family 1 2 

Syngnathus rostellatus Nilsson's pipefish 1 1 

Trachurus trachurus Horse mackerel 1 5 

Triglidae Gurnard family 1 1 

Trisopterus sp. Poor cod family 1 2 

Totals  65 species 5,081 fish 143.92kg 
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The number of species recorded in samples increased rapidly at first as the more common species were 
impinged (Figure 2.3).  Incidences of new species began to plateau after around 16 surveys before increasing 
again after 35 surveys.  This second sharp rise in the number of species sampled was a seasonal variation 
occurring in mid to late winter and may have been related to movements of some species inshore.  

Of the 65 species recorded over the impingement monitoring programme, six (10%) were classed as either 
pelagic (living in the water column) or pelagic-neritic (living within the water column within shallow coastal 
waters), five (8%) were reef-associated species, 45 (71%) were demersal (living and feeding near or on the 
bottom) and nine (14%) were bentho-pelagic (living and feeding near the bottom as well as in midwaters or near 
the surface).  Classifications have been derived from the FishBase database (FishBase, 2015 and references 
herein).    

 

Figure 2.3 : Cumulative number of fish species recorded on the CWS screens at the Existing Power Station with number of 

surveys conducted.  

Fish with specific conservation designations are cited in Table 2.2.  Council Directive 92/43/EEC on the 
Conservation of natural habitats and of wild fauna and flora, known as the EC Habitats Directive, is the means 
by which the European Union meets its obligations under the Bern Convention.  Annex II , IV and V of the 
Habitats Directive list species and sub-species of conservation importance; Appendix II and III of the Bern 
Convention list protected fauna species.  Section 7 of The Environment (Wales) Act 2016 refers to Species of 
Principal Importance in Wales.  The International Union for the Conservation of Nature (IUCN) Red List 
comprises species considered to be at risk of decline or extinction.  The Convention for the protection of the 
marine environment of the north-east Atlantic (OSPAR) has created a list of threatened and / or declining 
species and habitats. 

Of the species with conservation designations, whiting (Merlangius merlangus) and herring (Clupea harengus) 
were the most frequently encountered with 356 and 274 fish impinged over the 16-month sampling period, 
respectively.  A total of 12 Pomatoschistus spp. (includes common goby and sand goby) were impinged during 
the sampling period.  All other fish with conservation designations were caught at rates of seven or less per 
survey with only single records for river lamprey (Lampetra fluviatilis), ling (Molva molva), haddock 
(Melanogrammus aeglefinus), spotted ray (Raja montagui) and horse mackerel (Trachurus trachurus). 
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Table 2.2 : Conservation designations of fish species sampled on the CWS screens at the Existing Power Station.  *Note: 

Vulnerable = considered to be facing a high risk of extinction in the wild; Near threatened = may qualify for a threatened 

category in the near future; Least concern = widespread and abundant.  **Note: Thornback ray is only listed as under threat or 

in decline in the Greater North Sea, not the Irish Sea. 

Common name 

EC Habitats 

Directive 

Annex II, V 

Section 7 

Environment 

(Wales) Act 

OSPAR IUCN Red List * 

Bern 

Convention 

Appendix III 

Common goby - - - - ✓ 

Sand goby - - - - ✓ 

Herring - ✓ - Least concern - 

Cod - ✓ ✓ Vulnerable - 

Whiting - ✓ - - - 

Plaice - ✓ - Least concern - 

Ling - ✓ - - - 

Dover sole - ✓ - - - 

Horse 
mackerel 

- ✓ - - - 

Thornback ray - ✓ ✓** Near 
threatened

- 

Spotted ray - - ✓ Least concern - 

Sea bass - - - Least concern - 

Haddock - - - Vulnerable - 

River lamprey ✓ ✓ - Least concern ✓ 

Impingement samples were dominated by fish smaller than 18 cm (95th percentile), although larger specimens 
were sampled on occasion; these included conger eels (Conger conger), nurse hounds (Scyliorhinus stellaris), 
lesser-spotted dogfish and rays (Raja clavata and Raja montagui) (Figure 2.4).  The large number of smaller 
fish impinged was composed mainly of sprat, sand smelt (Atherina presbyter), whiting and numerous other 
small species and unidentified juvenile fish (too damaged to identify).  The small peak in numbers at around 
600 mm is mainly owing to lesser-spotted dogfish dominating this size range. 
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Figure 2.4: Length-frequency distribution (standard length) of fish species impinged at the Existing Power Station between 

March 2011 and July 2012 (n = 5,080 (a single sand smelt was not measured)). 

The numbers, biomass and species of fish impinged on the CWS screens varied both on a daily basis and with 
season (Figure 2.5).  Peak impingement in terms of number occurred between late December 2011 and early 
March 2012 when increased numbers of sprat, herring, dragonets (Callionymidae), long-spined sea scorpion 
(Taurulus bubalis) and lesser-spotted dogfish were recorded on the screens; overall, biomass was consistently 
high during the same period.  A second small increase in impingement numbers occurred between May and 
July in 2011 and to a lesser extent in 2012; this was owing to increased numbers of juvenile whiting entering the 
CWS.  

The highest peaks in biomass were recorded in May 2011 and October 2011.  The first peak in May 2011 was 
due to higher numbers of lesser-spotted dogfish being recorded during a single survey.  The peak in October 
2011 coincided with strong north-westerly winds which may have increased the quantity of material impinged at 
the CWS screens including numbers and biomass of fish (see Figure 2.2 and Figure 2.5). 

The number of sprat impinged peaked during the winter months between early December 2011 and mid-March 
2012.  Sand smelt were present sporadically during the survey period although numbers peaked during winter, 
the exception being a large number impinged on 21st November 2011.  Whiting numbers peaked between 
May and July 2011 with fewer individuals recorded during the corresponding months in 2012, the majority being 
juveniles less than 80 mm standard length; during autumn and winter, larger fish were sampled (90 – 275 mm) 
though in much lower numbers.  Finally, the number of herring impinged peaked between January 2012 and 
March 2012 and consisted of individuals ranging from 60 mm to 230 mm, with the majority of individuals in the 
80 - 120 mm size range. 

Extrapolation of the data suggests that in a single year, assuming maximum operating conditions (an 
abstraction rate of 70 m3/s); the Existing Power Station impinges around 79,450 fish with a biomass of 
1.8 tonnes.  This equated to 36 fish per 106 m3 and 0.82 kg per 106 m3 of water abstracted, respectively.  The 
number of fish impinged was generally found to be highest during the winter months with 62% of annual 
impingement occurring between December and February.  The impingement of fish biomass at the Existing 
Power Station was highest during the winter and spring months, with 39% of annual impingement occurring 
between December and February whilst a further 26% occurred between March and May, respectively.  
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Figure 2.5 : Total numbers and total biomass (kg) of fish impinged during 24-hour periods at the Existing Power Station between March 2011 and July 2012.
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2.2.3 Invertebrates 

Over 150 invertebrate taxa were recorded from the impingement samples between March 2011 and July 2012 
(Appendix C).  A large proportion of the organisms impinged were sessile fauna.  This suggests either they had 
been dislodged from the seabed in the surrounding sea area by periods of strong wave action or they were 
growing within the CWS intake itself; a combination of the two is most likely. 

Quantifying the total invertebrates in terms of numbers is problematic as colonial, sessile organisms cannot be 
readily counted as individuals.  Therefore, the estimated total volume of invertebrates per survey has been 
presented in  Figure 2.6.  The data show two peaks in the impingement of invertebrates during autumn 2011 
and winter 2012 that can be attributed to the strong north-westerly winds at the time of survey.  Increased 
volumes during spring and early summer are a result of blooms of ctenophores (comb jellies) and jellyfish during 
these seasons that become entrained in large numbers.  

Certain invertebrate species were counted without issue during the surveys, allowing the loss of particular 
species to be considered in greater detail.  Both edible crab (Cancer pagurus) and lobster (Homarus 

gammarus) have commercial value for local inshore fisheries and the total numbers impinged per survey were 
monitored.  

 

Figure 2.6: The number of invertebrates impinged during each survey standardised to 106 m3 of seawater abstracted.  This only 

includes taxa for which enumeration is feasible and excludes organism which are sessile or colonial.  Note the data is 

presented on a log scale. 

In total, over the 55 surveys, a median value of 26 edible crabs per 106 m3 per of seawater abstracted per 
survey was recorded.  On 10 sampling occasions, the impingement rate of edible crabs exceeded 
100 per 106 m3 per of seawater abstracted, with a maximum impinged rate of 248 edible crabs per 106 m3 per of 
seawater abstracted recorded in a single survey (6th July 2011).  This variability indicates that there is a 
significant degree of seasonality in the impingement of this species (Figure 2.7).  Between late May 2011 and 
early August 2011, the numbers of edible crab impinged increased dramatically before dropping back down to 
less than 180 per 106 m3 per of seawater abstracted per survey thereafter.  This pattern was not repeated in 
2012 and it might be that 2011 was simply a strong recruitment year for edible crab.  The individual carapace 

0

500

1,000

1,500

2,000

2,500

3,000

3,500

4,000

4,500

5,000

N
um

be
r 

of
 in

ve
rt

eb
ra

te
s 

im
pi

ng
ed

 p
er

 1
06

m
3

of
 

se
aw

at
er

 a
bs

tr
ac

te
d



Entrapment of Marine Organisms at the Existing Power 

Station  

 

 
60PO8032/AQE/REP/002 18 

width of crabs was not recorded (this was beyond the project scope) but anecdotal evidence suggests that the 
vast majority (more than 90%) of the crabs impinged during spring and summer 2011 were less than 50 mm in 
width. 

Impingement of lobsters was an uncommon occurrence with only a total of seven recorded over all 55 surveys 
which equates to a mean of 0.03 per 106 m3 of seawater abstracted.  This figure, although low, is probably 
realistic as periodic inspections of the trash baskets and skips on site revealed very little evidence of large 
numbers of lobsters being impinged.  

There was also a sharp increase in the numbers of shrimps (Palaemon serratus, P. elegans, Pandalus 

montagui, Pandalina brevirostris and Pasiphaea sivado) impinged during the winter months.  Figure 2.8 shows 
the variations in the numbers impinged over the sampling period.  For the most part, numbers of shrimps 
remained at around 1 – 110 individuals per 106 m3 per of seawater abstracted per survey, with the exception of 
the sharp spike from January 2012 to March 2012 inclusive.  The spike preceding this in October 2011 
coincided with strong north-westerly winds during the survey period. 

Similar seasonal peaks existed for several other species.  For example, higher numbers of curled octopus 
(Eledone cirrhosa) were observed between January 2012 and April 2012 (1 - 20 per day) whilst numbers of little 
cuttlefish (Sepiola atlantica) peaked between August 2011 and October 2011 (sometimes in excess of 100 
individuals per day) and again between January 2012 and May 2012.  

It is known that jellyfish can cause issues for a power station’s CWS if they are present in large quantities.  
Although increased abundances of jellyfish impinged caused some issues with the sampling programme, they 
were not present in large enough quantities to cause any issues for the power station operation.  The main 
species of jellyfish recorded were the lion’s mane (Cyanea capillata) and moon jelly (Aurelia aurita).  Blue jellies 
(Cyanea lamarckii) and compass jellies (Chrysaora hysoscella) were frequently recorded though in noticeably 
lower numbers.  The large barrel jelly (Rhizostoma pulmo) was recorded infrequently.  Figure 2.9 describes the 
seasonal peak in jellyfish impingement at the Existing Power Station between March 2011 and March 2012.  
Data are not provided for the 2012 season as during this time jellyfish were recorded as present or absent only; 
however, it should be noted that the jellyfish season in each year was of the same duration and considered to 
be of a similar magnitude. 
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Figure 2.7: The number of edible crabs (Cancer pagurus) impinged during each survey on the  CWS  screens at the Existing 

Power Station between March 2011 and July 2012 expressed per 106 m3 of seawater abstracted. 

  

Figure 2.8: Frequency of shrimps (Palaemon spp., Pandalidae and Pasiphaea sivado) impinged during each survey on the CWS 

screens at the Existing Power Station between March 2011 and July 2012 expressed per 106 m3 of seawater abstracted. 
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Figure 2.9: Frequency of jellyfish (lion’s mane, moon, blue, compass and barrel) impinged per survey on the CWS  screens at 

the Existing Power Station between March 2011 and March 2012 expressed per 106 m3 of seawater abstracted.  The data do not 

include counts of ctenophores (sea gooseberries / comb jellies). 

Ctenophores (comb jellies) were recorded in samples throughout all seasons.  Although present in low 
abundances throughout autumn and winter, numbers began to increase in February with a few hundred 
recorded per survey.  By late March, numbers reached more than 1000 per survey with tens of thousands being 
recorded by late May and throughout June. 

2.2.4 Macroalgae 

During most surveys, a major constituent of impinged matter on the CWS screens was marine macroalgae 
(seaweed).  As macroalgae becomes dislodged from the seabed it drifts along the coastline and is drawn into 
the CWS as it passes by.  Wherever possible, the species of macroalgae impinged were noted as ‘present’.  
The full species list is provided in Appendix D.  During each survey, the total quantity of macroalgae was 
recorded by assessing the volume in litres in the collection buckets into which the impingement samples were 
emptied; the dominant species of macroalgae were also recorded. 

Figure 2.2 in Section 2.2.1 shows the recorded volumes of macroalgae over the survey period.  The greatest 
volume recorded during any single survey period was more than 5000 L on 6th October 2011 which equates to 
1,801 L per 106 m3 of seawater abstracted.  On this occasion, the survey had to be suspended owing to the 
quantities of macroalgae impinged.  On this day with a strong (force 8) north-westerly wind, the screen-wash 
channels were being constantly manned by station staff shovelling the macroalgae clear to prevent the CWS 
screens from becoming blocked.  

The dominant macroalgal species varied with month and season.  Common species included: 

• kelps and wracks (Laminaria spp. and fucoids); 

• foliose species such as dulse (Palmaria palmata), sea lettuce (Ulva spp.), fine-veined crinkle weed 
(Cryptopleura ramosa) and sea beech (Delesseria sanguinea); and  

• filamentous species such as cock’s comb (Plocamium cartilagineum) and siphoned feather weed 
(Heterosiphonia plumosa). 
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These algal species form many of the dominant infralittoral (shallow subtidal) habitats along the north Anglesey 
coast, so their dominance of the impingement samples suggests a local origin. 

2.2.5 Marine mammals 

One live, young seal (species unconfirmed but likely to be a grey seal (Halichoerus grypus) was observed in 
one of the collecting skips on 5th December 2011; the RSPCA arrived on site to collect the animal before setting 
it free further along the coast.  At least another two young seals were then recorded up until 15th December 
2011; it is unclear whether either of these young seals was the same individual observed on 5 th December 
2011.  It is considered that strong winds during this period may have played a role in the entrapment of these 
young seals.  During a survey on 11th June 2012, a seal was observed in the screenwells by survey staff but it 
did not exit via the screens during the survey period.  

2.3 Discussion 
The operation of the Existing Power Station during the period of the surveys was typical of normal operations.  
There was an outage of one reactor between late August 2011 and December 2011, which is part of an annual 
maintenance programme whereby each reactor is serviced alternately every year.  As a result, the data are 
considered to provide a realistic estimate of annual impingement.   

2.3.1 Fish 

2.3.1.1 Species impinged 

The overall catch of fish on the screens at the Existing Power Station is characterised by low numbers (less 
than approximately 6 fish per hour) and low biomass (less than approximately 0.15 kg per hour), but a relatively 
high diversity, comparable with data obtained over 25 years previously (Spencer, 1990).  Spencer (1990) 
recorded impingement at the Existing Power Station between 1985 and 1987 at rates of less than 5 fish and 
less than 0.3 kg per operating hour.  

Of the 66 species recorded by Spencer (1990) at the Existing Power Station, 53 were recorded in this survey.  
Thirteen species recorded in the late 1980s were not recorded in the present survey, these were:  

• blonde ray (Raja brachyura); 

• European eel (Anguilla anguilla);  

• black goby (Gobius niger); 

• thickback sole (Microchirus variegatus); 

• Norwegian topknot (Phrynorhombus norvegicus); 

• topknot (Zeugopterus punctatus); 

• smooth sandeel (Gymnammodytes semisquamatus)’ 

• Raitt’s sandeel (Ammodytes marinus); 

• Corbin’s sandeel (Hyperoplus immaculatus); 

• tub gurnard (Chelidonichthys lucernus); 

• Atlantic salmon (Salmo salar); 

• hake (Merluccius merluccius); and  

• shore rockling (Gaidropsarus mediterraneus).  

Each of these species was recorded by Spencer (1990) in an abundance of less than 23 individuals over the 
two-year sampling period with the majority recorded as less than 10 individuals. Of these, all except Norwegian 
topknot, smooth sandeel, Corbin’s sandeel, salmon, hake and shore rockling have been recorded in other 
coastal or freshwater surveys (Jacobs, 2013a; Jacobs, 2013b).  Thickback sole, Norwegian topknot, smooth 
sandeel and Raitt’s sandeel have been all recorded during entrainment surveys on site of the Existing Power 
Station (see Section 3.2).  
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Some fish recorded during the impingement monitoring programme in 2011 - 12 are likely to have included 
representatives of the species listed above but are unconfirmed as these individuals could not be identified to 
the necessary taxonomic level owing to the damage caused during impingement or sampling.  For example, 
topknot was recorded but not to species level. 

There were also 13 species recorded in 2011-12 that were not recorded by Spencer (1990):  

• reticulated dragonet (Callionymus reticulatus); 

• spotted dragonet (Callionymus maculatus); 

• scaldfish (Arnoglossus laterna); 

• leopard-spotted goby (Thorogobius ephippiatus); 

• rock cook (Centrolabrus exoletus); 

• tompot blenny;  

• red gurnard (Chelidonichthys cuculus); 

• spotted ray;  

• golden grey mullet (Liza aurata); 

• horse mackerel; 

• haddock (Melanogrammus aeglefinus); 

• transparent goby (Aphia minuta); and 

• rock goby (Gobius paganellus).  

Again, all these species were recorded by Jacobs in low numbers (all less than 13 individuals) over 16 months 
with eight of the species recorded as only one or two individuals. 

Of the 65 species of fish impinged at the Existing Power Station between 2011 and 2012, 19 accounted for 95% 
of the total number of fish recorded over the 16 months (Table 2.1).  The dominant species showed seasonal 
variation with many peaking during the winter months between December and mid-March.  

Overall, impingement rates were higher during the winter months compared with the summer.  This may be a 
result of both increased incidences of inclement weather during the winter but also spatial and temporal 
changes in habitat and resource use by local fish species.  One example of this is the increase in sprat numbers 
recorded during the winter, which also coincides with observed increased in sprat numbers recorded from 
subtidal trawl surveys around Wylfa Head (Jacobs et al., 2013b).  Another example is the peak in lumpsuckers 
(Cyclopterus lumpus) between late autumn and early spring as they move inshore to spawn during this time.  

The most unusual fish recorded in the present surveys was the pearlside (Maurolicus muelleri).  This species is 
a deepwater, pelagic species growing to no more than 8 cm.  The fish has four rows of pale blue, light emitting 
organs along its ventral surface and normally lives at depths of between 200 m and 500m.  Whilst no waters this 
deep exist off Anglesey, pearlsides do occasionally enter the upper 30m of the water column and are 
susceptible to being washed ashore during periods of heavy weather; indeed, strong winds were present at the 
time the single pearlside was recorded.  The species had previously been recorded by Spencer (1990) and, 
although a rarity, should not be considered too unusual for the area. 

Another rarity reported from previous years by station staff is the ocean sunfish (Mola mola).  The sunfish is a 
southern species, frequenting UK waters during the summer months as it follows its prey, jellyfish.  A specimen 
is reported to have been impinged approximately two or three years previously.  They are not thought to be 
particularly abundant in the Irish Sea with previous estimates of abundance given at 0.98 individuals per 
100 km2 (Houghton et al., 2006).  

2.3.1.2 Comparison of impingement impacts with other studies 

Summary data from impingement studies conducted in the 1980s at other UK and French power stations are 
presented in Figure 2.10.  Although the data are over two decades old, the numbers are still relevant as some of 



Entrapment of Marine Organisms at the Existing Power 

Station  

 

 
60PO8032/AQE/REP/002 23 

these stations are still running and, like the Existing Power Station, they do not have fish deterrent systems to 
reduce the numbers impinged.  Together with the data from the present survey, they show that the catches on 
the CWS screens at the Existing Power Station are the lowest of all the power stations surveyed. 

 

Figure 2.10 : Estimated annual fish catches at UK and French power stations (Spencer, 1990).  

Some of the other impingement studies have been ongoing and, although some data are not yet publically 
available, those for Hinkley Point B are.  Recent studies at Hinkley Point B conducted between February 2009 
and February 2010 comprised 41 24-hour samples (Environment Agency, 2012).  Sixty-four fish species were 
sampled over the year with the most common species being sprat, whiting, Dover sole (Solea solea), cod 
(Gadus morhua) and thin-lipped grey mullet (Liza ramada).  Despite the similarities in the datasets (with respect 
to sprat and whiting being among the most abundant species), the main differences between the two stations 
are the numbers involved.  

Over the 41 surveys at Hinkley Point B, nearly 80,000 sprats and over 45,000 whiting were impinged, compared 
with 1,946 and 356, respectively, over 55 surveys at the Existing Power Station.  For all fish species recorded, 
the total predicted annual impingement at Hinkley Point B was 2.7 million fish with a total weight of  28 tonnes: 
over 15 times greater than at the Existing Power Station.  This more recent estimate of 28 tonnes for Hinkley 
Point B also compares well with those made over two decades previously for an annual impingement of 
24 tonnes (Figure 2.10). 

To put the numbers of impinged fish at the Existing Power Station into further context, they can be compared 
with UK commercial landings.  In 2011, UK commercial finfish landings were recorded as 442,000 tonnes (Elliott 
et al., 2011).  The total biomass of fish impinged annually at the Existing Power Station (assuming a constant 
abstraction rate of 70 m3/s) equates to 0.0004% of this figure whilst the impingement of commercial finfish at the 
Existing Power Station was even less, at 0.00008% of the UK 2011 catch.  The Existing Power Station does not 
operate a fish return system but the losses are not considered to pose a threat to commercial stocks.  The 
present impingement rates at the Existing Power Station are extremely low when compared with losses from 
other coastal power stations or from commercial landings.  
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2.3.2 Invertebrates and macroalgae 

Invertebrates and macroalgae formed the main bulk of the impinged material at the Existing Power Station, 
more often comprising more than 95% of the total catch.  The species recorded (algae and invertebrates) were 
representative of those forming the infralittoral habitats along the north Anglesey coast and can therefore be 
considered of local origin.  

The amount and type of material impinged often varied widely between each screen and depended on which 
screens were running.  Screens three and four often contained most of the impinged algal matter whilst screen 
one usually yielded the most mussels (presumably dislodged from the intake tunnel) which were both dead and 
alive.    

As described in the Results section, wind speed and direction is believed to have played a large role in 
determining the quantities of material impinged.  This was originally noted by Spencer (1990) who also recorded 
increased catches of macroalgae during and immediately following periods of strong north-westerly winds.  
Entrapment of macroalgae into the CWS rarely caused an issue for station operation during the survey period 
and any issues that did arise were dealt with swiftly by operations staff ensuring that power generation was not 
affected.  Figure 2.11 demonstrates the exposure of the Existing Power Station site during severe onshore 
north-westerly winds which can drive material inshore toward the intake, thus increasing the quantities 
impinged. 

As well as macroalgae, the other factor that can cause blockage problems at the CWS screens is jellyfish.  The 
jellyfish season at north Anglesey is clearly defined (Figure 2.9) between late April and late August, reaching its 
peak in mid-June.  Moon jellies comprised the bulk of the records with a significant contribution from lion’s mane 

jellyfish.  Whilst the jellyfish caused some problems clogging the sampling baskets, they were not considered to 
be in numbers high enough to be detrimental to power station operation.  Shutdowns have occurred at other 
power stations as a result of high jellyfish numbers, e.g. Torness nuclear power station in Scotland was 
temporarily shutdown in June 2011. 
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Figure 2.11 : The sea wall at the Existing Power Station over topping during high north-westerly winds in the 1980s (Source: 

Wylfa ‘B’ pre-application studies, 1980s). 

Of the invertebrate species recorded from the CWS screens, lobster has the highest value to local fisheries.  
However, this species was impinged in very small numbers, estimated to total approximately 65 individuals per 
year; these losses are therefore not considered to present a significant loss to the local fishery.  

Edible crabs were impinged in much higher numbers than lobster.  The total number impinged per year is 
estimated at approximately 123,550.  However, this high estimate may not be typical of every year as the high 
numbers recorded per survey between May 2011 and July 2011 were not repeated in 2012 (Figure 2.7).  
Whether 2011 was an exceptional recruitment year, or if 2012 was unusually low, is unknown, but it is clear that 
the numbers of edible crab existing locally are subject to very high variation.  Most crab, lobster and other 
crustaceans impinged were alive and active suggesting good potential for survival following impingement.  

2.3.3 Survivability 

Aside from the presence of coarse screens (380 mm spaced vertical steel bars), the Existing Power Station has 
no fish protection measures in place and therefore any fish and invertebrates impinged would have been 
transferred to trash collecting skips resulting in 100% mortality.  Although, the Environment Agency (2010) 
considers direct cooling using seawater to be the Best Available Technique (BAT) for large, coastally sited 
thermal plant; the BAT definition can only be considered appropriate if best practice fish protection measures 
designed to minimise the mortality of fish and other biota is followed.  The CWS intake system for the Wylfa 
Newydd Generating Station will therefore be required to incorporate best practice guidance for fish protection 
system design and management.  

A design options assessment has been carried out for the Wylfa Newydd Generating Station to identify a suite 
of solutions which will achieve the optimal fish protection, when balanced with performance in other areas of 
power station design and operation (Jacobs, 2016a).  Although the exact specification of this is still to be 
decided, fish protection measures are likely to include ‘fish friendly’ fine mesh screens and a fish recovery and 

return (FRR) system.   

The survival of fish and invertebrate species impinged on fine mesh intake screens and subsequently returned 
to the marine environmental via a FRR system varies owing to factors such as morphology (e.g. small scales, 
mucous covering and/or spiny armature).  Survivability surveys have been carried out at a power station 
possessing fish protection measures similar to those expected to be installed at the Wylfa Newydd Generating 
Station.  The complement of species vulnerable to impingement is also considered broadly similar for the two 
power station sites.  The results of these surveys are presented in Table 2.3.  

Robust epibenthic taxa (e.g. gobies, rockling and shrimps) generally exhibit high survival rates (>80%), whilst 
demersal taxa (e.g. gadoids) demonstrated moderate survival rates (~65%). Pelagic species such as clupeids 
(sprat and herring) generally exhibit extremely low survival rates when they come into contact with screens 
owing to factors such as scale loss and stress. 

Table 2.3: Survival rates of fish and invertebrate taxa observed 24-hours after impingement (Jacobs, 2016b)  

Common name 24-hour survival rate (%) 

Sea bass 38% 

Clupeids 0% 

Gadoids 66% 

Gobies 84% 

Sand smelt 30% 

Crab 81% 

Spider crabs 100% 
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Common name 24-hour survival rate (%) 

Prawn 86% 

Shrimp 99% 

The results of this study demonstrated good agreement with published survival rates observed at other power 
station sites although the exact fish protection measures installed may have differed (Travade and Bordet, 
1982; Muessig et al., 1988; Seaby, 1994; Allen et al., 2012).  However, it is evident that, had greater fish 
protection measures been in place at the Existing Power Station, a notable proportion of individuals belonging 
to the taxa outlined in Table 2.3 would have been returned to the sea alive.  It can therefore be concluded that 
the addition of fish protection measures such as ‘fish friendly’ fine mesh screens and a FRR system within the 

CWS arrangement of the Wylfa Newydd Generating Station is likely to reduce the mortality of fish and 
invertebrates due to impingement.  

2.3.4 Marine mammals  

Entrapment of marine mammals at the Existing Power Station appears to be limited to single figures of grey 
seals in any given year and is therefore considered to be a relatively infrequent occurrence.  Most seals survive 
the experience, and are rescued and returned to the sea away from the station. 

The proposed CWS intake arrangement at the Wylfa Newydd Generating Station will include coarse screens 
with a much smaller spacing than those currently installed at the Existing Power Station.  For example, a bar 
spacing of around 90 mm – 100 mm is likely to prevent entry by mammals.  Consequently, with coarse screens 
such as this in place, impingement of marine mammals at Wylfa Newydd Generating Station is considered to be 
highly unlikely as there would be no aperture larger enough to permit entry of even small individuals such as 
grey seal pups. 
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3. Entrainment 
3.1 Methodology 

Entrainment surveys were completed for 24-hour periods at the CWS drum screens at the Existing Power 
Station at a rate of 40 surveys per annum.  Surveys were scheduled on a random basis to avoid tidal bias.  In 
total, 55 surveys were completed between 22nd March 2011 and 31st July 2012.  

Ichthyoplankton was sampled from the drum screen jet-wash system that uses the same seawater as that 
extracted for the purposes of cooling.  Prior to survey work commencing, checks were made to confirm that the 
system was not subject to any secondary filtration that could reduce the quantity of plankton sampled; it was 
confirmed by engineers at the Existing Power Station that this was not the case. 

Hoses (4 inches in diameter) were secured to pre-existing fire hydrant valves on the screen wash system.  One 
hose was set up at each of the four CWS screens.  When the water was turned on, flow rates were measured 
by recording the time taken to fill a 74 L plastic drum; three replicate measurements were made at each tap-off 
point and the mean flow rate calculated.  The flow rate for each tap-off point was set between approximately 
5 - 8 L s-1.  Therefore, the total flow rate (summed over all the screens) often exceeded the minimum guidelines 
set by BEEMS (2010b) for entrainment studies of 10 - 25 L s-1.  The valves were not adjusted for the duration of 
the 24-hour sampling period.  

The sampling water was then filtered through a 280 µm mesh plankton net and a note made of the start time.  
Each net was contained within a large blue drum that directed the filtered water back into the screenwells 
(Figure 3.1 and Figure 3.2).  The apparatus was left to sample for 24 hours. 

 

Figure 3.1 : Schematic diagram of the ichthyoplankton entrainment sampling setup. 
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Figure 3.2 : Photograph showing the operation of ichthyoplankton entrainment sampling. 

At the end of the 24-hour sampling period, each hose was removed from the nets and a note made of the time.  
The water supply was not turned off until a further three replicate readings were taken of the flow rate at each 
tap-off point.  The plankton samples were rinsed gently from the nets, placed into separate 1 L plastic buckets 
(one per net), preserved in 4% formalin and labelled with date, time, contents and screen number.  

On occasions, not all the CWS screens were running owing to maintenance being carried out either at the 
screens or elsewhere on the power station.  When sampling was restricted to fewer screens, the flow rates on 
the remaining screens was increased to ensure that the minimum BEEMS guidelines for sampling volumes 
continued to be met.  

Samples were analysed in the laboratory using taxonomic guides including Russell (1976).  

3.2 Data analysis 

Numbers of fish and eggs per m3 sampled were extrapolated to numbers per 106 m3 of water abstracted.  This 
standardisation allows direct comparison of data between surveys.  Larval numbers are often standardised on a 
“‘per 106 m3” basis to allow meaningful statistical comparison.  Numbers are standardised to such a high volume 
so that the numbers are rarely presented as fractions of fish and are also more relevant in terms of actual CWS 
abstraction volumes. 

A multivariate statistical analysis of entrainment catches was carried out to assess temporal differences in 
community composition and to compare to coastal samples.  The multivariate statistical approach adopted 
treated each taxon as a separate variable, enabling an assessment of complex community patterns within large-
scale datasets.  Multivariate statistics were carried out using PRIMER 6™ (v. 6.0) (Clarke and Gorley, 2006) .  In 
contrast to univariate analyses, which concentrate complex ecological data into a single metric, multivariate 
analysis compares differences between all taxa and their relative abundances between samples.  The analysis 
therefore allows identification of samples with similar/dissimilar communities. 

To assess differences in entrainment and coastal samples, a one-way Analysis of Similarity (ANOSIM) test was 
used to test for a priori differences in the structure of the community between sampling sites.  This test was 
carried out on a square root transformed Bray-Curtis matrix.  

To visually present differences in communities, non-metric Multi-dimensional Scaling (MDS) (50 restarts, 
Kruskal fit) was carried out on the square root transformed Bray Curtis resemblance matrices.  MDS constructs 
a pictorial representation of the samples whose distances reflect statistically tested ‘true’ differences between 
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the samples.  Put simply, the closer a sample is to another sample on the MDS plot; the more similar the 
samples are to each other. 

Due to the loss of key identification features in fragile specimens and/or their small size preventing certainty in 
speciation, for accurate statistical assessment, species data were amalgamated to family level.  In some cases, 
poor specimen condition and the general difficulty in identifying larval fish prevented identification to family level.  
In these instances, individuals were classified as indeterminates.  This group was removed from the data set 
prior to analysis in PRIMER, as this group is likely to contain multiple taxa which may exhibit different temporal 
and seasonal patterns in abundance.  This being the case, inclusion could distort differences between factors 
making it difficult to identify statistical trends. 

3.3 Results 
The dates of all the 24-hour surveys are provided in Appendix A.  The dates shown cover the start and end of 
each 24-hour survey period.  

In total, over the course of 55 surveys, 5,973 fish larvae and 61,796 eggs were sampled at the CWS screens.  
The mean volume of water sampled during each survey was 2,011 m3 ± 455 (standard deviation).  Figure 3.3 
presents the number of fish and eggs sampled per 106 m3 of seawater abstracted.  The data suggest that the 
period of highest abundance of entrained fish larvae and eggs is between early February and late August in any 
given year.  The lowest abundances occurred over autumn/winter with 17 surveys from 23rd August 2011 to 7th 
February 2012 resulting in less than 6,500 fish larvae per 106 m3 entrained per survey; this includes six surveys 
from 21st November 2011 to 6th January 2012 where no fish larvae were recorded during any surveys.  

 

Figure 3.3 : Number of fish larvae and eggs entrained per 106 m3 of seawater abstracted at the Existing Power Station between 

March 2011 and July 2012. 

The timing of the peaks in larval abundance was similar in 2011 and 2012.  The maximum peak in larval 
abundance was similar in both years with approximately 235,700 larvae per 106 m3 recorded on 23rd May 2011 
and 180,750 larvae per 106 m3 recorded on 16th May 2012.  Smaller peaks occurred in June and July in both 
years following the main peaks.  During each spring/summer survey season, the mean abundance of larvae 
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entrained at the Existing Power Station was 74,050 and 76,750 fish larvae per 106 m3 in 2011 and 2012 
respectively.  The species responsible for each peak were largely similar in both spring/summer sampling 
seasons and this is examined further below. 

The abundance of eggs followed a similar trend to that of fish larvae with the lowest abundances occurring over 
the winter period.  In each of the 12 surveys from 26th September 2011 to 17th January 2012, less than 
11,250 eggs per 106 m3 were recorded.  In the 2011 surveys, egg numbers were highest on 22nd March at 
approximately 3,149,650 per 106 m3, and in 2012 egg numbers peaked on 18th April at approximately 2,593,150 
per 106 m3.  

3.3.1 Species entrained 

In total, 49 distinct fish taxa (species) were sampled over the 55 surveys (Table 3.1).  The most numerous taxon 
sampled was the goby family (Gobiidae).  There were no unusual species entrained during the survey period, 
i.e. all species would be expected within this biogeographical region.  

Table 3.1 : Fish larvae species sampled at the Existing Power Station between 22nd March 2011 and 30th July 2012 and the total 

abundance over the whole survey period. Shaded taxa were within the 95th percentile of total abundance. 

Taxa Common name Numbers 

Gobiidae Goby family 752 

Callionymus lyra Common dragonet 578 

Indeterminate Unidentifiable  578 

Limanda limanda Dab 508 

Callionymus sp. Dragonet family 441 

Parablennius gattorugine Tompot blenny 409 

Blenniidae Blenny family 337 

Ammodytes spp. Sandeel family 301 

Pleuronectidae Right-sided flatfish 301 

Taurulus bubalis Long-spined sea scorpion 273 

Cottidae Sea scorpion family 193 

Buglossidium luteum Solenette 136 

Agonus cataphractus Pogge 92 

Callionymus reticulatus Reticulated dragonet 92 

Platichthys flesus Flounder 84 

Pomatoschistus microps Common goby 74 

Ammodytes marinus Raitt's sandeel 70 

Pomatoschistus minutus Sand goby 67 

Lipophrys pholis Shanny 59 

Soleidae Unidentifiable sole 55 

Aphia minuta Transparent goby 54 

Symphodus melops Corkwing wrasse 52 

Echiichthys vipera Lesser weever 39 

Labridae Wrasse family 35 
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Taxa Common name Numbers 

Myoxocephalus scorpius Short-spined sea scorpion 34 

Solea solea Dover sole 34 

Pholis gunnellus Butterfish 31 

Diplecogaster bimaculata bimaculata Two-spotted clingfish 30 

Pleuronectes platessa Plaice 25 

Liparis montagui Montagu's sea snail 22 

Clupeidae Herring family 17 

Ctenolabrus rupestris Goldsinny wrasse 17 

Liparis liparis liparis Common sea snail 17 

Ammodytes tobianus Lesser sandeel 14 

Liparidae Sea snail family 14 

Entelurus aequoreus Snake pipefish 13 

Syngnathus acus Greater pipefish 13 

Sprattus sprattus Sprat 11 

Chirolophis ascanii Yarrell's blenny 10 

Gadidae cod family- unidentifiable 10 

Hyperoplus lanceolatus Greater sandeel 9 

Labrus bergylta Ballan wrasse 9 

Lotidae Rockling family 9 

Merlangius merlangus Whiting 9 

Gymnammodytes semisquamatus Smooth sandeel 8 

Syngnathus rostellatus Nilsson's pipefish 5 

Clupea harengus Herring 3 

Cyclopterus lumpus Lumpsucker 3 

Microchirus variegatus Thickback sole 3 

Ciliata mustela Five-bearded rockling 2 

Nerophis lumbriciformis Worm pipefish 2 

Pollachius pollachius Pollack 2 

Scophthalmus rhombus Brill 2 

Spinachia spinachia Fifteen-spined stickleback 2 

Syngnathidae (juv.) Juvenile pipefish 2 

Triglidae Gurnard family 2 

Arnoglossus laterna Scaldfish 1 

Belone belone Garfish 1 

Blennius ocellaris Butterfly blenny 1 

Eutrigla gurnardus Grey gurnard 1 

Gobius paganellus Rock goby 1 
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Taxa Common name Numbers 

Gobiusculus flavescens Two-spotted goby 1 

Phrynorhombus norvegicus Norwegian topknot 1 

Pomatoschistus spp. Sand/common goby 1 

Zeugopterus regius Eckstrom’s topknot 1 

Of those species listed in Table 3.1, the only species known to have conservation designations include herring, 
whiting, plaice, Dover sole and Raitt's sandeel.  With the exception of Raitt’s sandeel, which was not recorded in 
the impingement surveys, the conservation designations of these species are outlined in Table 2.2.  Raitt’s 

sandeel is listed on Section 7 of The Environment (Wales) Act 2016.  Dover sole and plaice were the most 
frequently entrained with 34 and 25 fish larvae recorded,   respectively over the 16-month sampling period.  Of 
the other species of importance for conservation, there were 14 Raitt’s sandeels, nine whiting and three herring 
entrained during the 55 entrainment surveys completed between 22nd March 2011 and 31st July 2012. 

The species contributing the greatest to total abundance were grouped into their respective families to assess 
the proportion of their contribution to total abundance over the 16-month sampling period (Figure 3.4).  In 2011, 
the fish sampled during the initial survey contained high numbers of sea scorpion (Cottidae) and sandeels 
(Ammodytidae) and right-eyed flatfish (Pleuronectidae).  The greatest peak in fish larvae abundance in 2011 
occurred on 23rd May and comprised 55% dragonet (Callionymidae) larvae and 22% right-eyed flatfish 
(Pleuronectidae, i.e. plaice, flounder, dab) larvae.  A secondary peak in abundance on 20th June was dominated 
by blenny (Blenniidae) and goby families comprising 40% and 33% of the total abundance respectively.  The 
two smaller, later peaks in July and August 2011 were also dominated by goby and blenny larvae.  

The two main peaks in abundance in 2012 showed similar timing to peaks observed in 2011.  The initial peak 
on 27th March 2012 was due to a peak in abundance of sandeels and sea scorpion which comprised 54% and 
24% of the total abundance respectively; this closely resembled the results of the initial survey in 2011.  The 
second peak in 2012 was on 16th May and resulted from a peak in abundance of a number of taxa including 
right-eyed flatfish (50%), dragonets (29%) and soles (Soleidae) (9%).  Subsequent peaks were again dominated 
by blennies, though numbers of gobies were lower than in 2011.  

The highest contributing families to total larval abundance over the 16-month survey period were flatfish (19%), 
dragonets (18%), gobies (16%) and blennies (15%).  The highest abundances of gobies and blennies occurred 
in the summer months in both sampling years.  In both 2011 and 2012, the peak abundances of flatfish 
occurred in mid-May.  

In some cases, entrained fish larvae were damaged (perhaps by the passage through the CWS) and it was not 
possible to identify them with certainty.  In these instances, individuals were labelled as ‘indeterminate’; over the 

whole survey period this label was applied to 10% of fish larvae. 
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Figure 3.4 : Abundances of the dominating families of fish larvae per 106 m3 entrained during 24-hour sampling periods at the 

Existing Power Station between March 2011 and July 2012 inclusive. 

3.3.2 A comparison to coastal samples 

The number of larvae entrained per 106 m3 of seawater abstracted can be compared with the densities of larvae 
recorded from the ichthyoplankton tows along the north coast of Anglesey.  These Gulf™ plankton sampler tows 
have been completed monthly at five sites since May 2010 increasing to six sites since July 2012.  The 
locations of the sites are provided in Figure 3.5. 

Ichthyoplankton samples were collected at these sites on a monthly basis with three replicate samples taken on 
a flood and ebb tide.  From May 2012, samples were collected on a single random tidal state only owing to the 
lack of significant difference between previous samples from flood vs. ebb tides (see Jacobs, 2011).  Sampling 
at Site 6 began approximately 16 months after the sampling programme began and samples were collected 
during both flood and ebb tides.  Sampling at Site 7 was only carried out from March 2014 to September 2014 
on a random tide.  Figure 3.6 shows the mean number of larvae per 106 m3 of seawater obtained from each site 
sampled each month since May 2010 and the mean number of larvae per 106 m3 per month recorded in the 
entrainment samples from the Existing Power Station between March 2011 and July 2012
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Figure 3.5 : Locations of seven ichthyoplankton sampling tows along the north Anglesey coast.  
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Figure 3.6 illustrates that larval densities were lower in the entrainment samples compared to the coastal sites 
sampled during the months of peak ichthyoplankton abundance (Feb to July) in both 2011 and 2012.  The 
density of larvae in the entrainment samples was only 0.2% - 8.3% of that observed in the coastal plankton 
samples during the corresponding months.  In both 2011 and 2012, the density of ichthyoplankton was greatest 
at Sites 1, 4 and 5.  Ichthyoplankton density at Site 6 was most comparable to entrainment samples compared 
with the other coastal sites, in particular between August 2011 and November 2011 as well as January 2012 
and June 2012.  

Multivariate analyses were used to investigate any differences between the ichthyoplankton in the entrained 
samples compared with the Gulf tow samples from the coastal sites.  An MDS (multidimensional scaling) plot of 
the data illustrated the monthly changes in ichthyoplankton composition as well as the clustering of the 
entrainment samples (Figure 3.7).  

A one-way ANOSIM test demonstrated significant differences between the sites across all sampling months 
(Global R = 0.026, p = 0.001).  Pairwise comparisons confirmed that significant differences occurred between 
the entrainment samples and coastal Sites 1, 3, 5 and 6 (R = 0.037 – 0.077, p < 0.017 in all cases).  The only 
significant differences between samples from any of the coastal sites occurred between Site 6 and Sites 1, 2, 3, 
4 and 5 (R = 0.047 – 0.112, p < 0.002 in all cases).  The low (<0.2) R-values obtained in the pairwise 
comparisons suggests that there was considerable overlap in sample similarity and that the differences 
observed are mostly due to changes in species abundance rather than distinctly different communities. 

 

Figure 3.6 : Mean density of fish larvae (all species) per 106 m3 seawater at seven sampling sites along the north coast of 

Anglesey between May 2010 and September 2014, and in the power station entrainment samples between March 2011 and July 

2012. 
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Figure 3.7 : 3D-MDS plots of the ichthyoplankton composition from entrainment samples from the Existing Power Station 

(Site 8) and from Gulf samples from the north Anglesey coastal areas (Sites 1-6) between February and June 2011 and 2012. 

The top plot shows the monthly patterns in composition and the bottom plot (rotated for clarity) shows the clustering of the 

entrainment samples away from the coastal samples. 
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Similarity Percentage (SIMPER) analysis compared the taxonomic composition between the entrainment 
samples and each coastal site.  Overall, the coastal sites had much higher larval abundances of most taxa, in 
particular, sandeels, flatfish (Pleuronectidae and Soleidae), clupeids (sprat) and sea scorpions.  The only group 
with higher abundances in the entrainment samples compared with all the coastal sites was the blennies.  The 
results of the SIMPER analyses are provided in Appendix E. 

3.4 Discussion 

The entrainment surveys were conducted in parallel with the impingement surveys reported in the previous 
chapter and were undertaken during a period of typical power station operations in that no unexpected or 
long-term shutdowns occurred during the survey period that might have influenced the survey results.  

The entrainment samples were dominated by inshore species adapted to a rocky, moderately exposed coastline 
subjected to strong tidal currents; predominately this included gobies, blennies, dragonets and sea scorpions 
(Table 3.1).  Each of these families made significant contributions to the peaks observed in total larval numbers 
during each spring/summer season, though no single species dominated the fauna.  Seasonal variation was 
clear with extremely low abundances or zero counts during the late autumn/winter seasons. 

Abundances of gadoid and flatfish larvae were in general much lower, a result most likely owing to the lack of 
any recognised spawning grounds or suitable nursery areas in the immediate area around Wylfa Head (Coull et 

al., 1998; British Oceanographic Data Centre, 1998).  Despite this, flatfish larvae did peak in numbers during 
May of both survey years, providing a strong contribution to the observed peaks.  These peaks in flatfish larvae 
were mainly a result of increased numbers of dab.  The Centre for Environment Fisheries and Aquaculture 
Science (Cefas) egg and plankton surveys show that dab spawn within Liverpool Bay to the east of Anglesey 
with tidal dispersion then distributing the eggs and larvae throughout the Ir ish Sea, reaching Anglesey from late 
April onward (Fox et al., 1997). 

Entrainment studies were previously conducted at the Existing Power Station between October 1986 and 
September 1987 (Dempsey and Rogers, 1989).  They recorded 27 larval species in the samples compared with 
the present study where 49 species were identified.  The large disparity in species sampled might perhaps be in 
part owing to variation in the taxonomic resolution of identification or sampling methods.  For example, in the 
present study, wherever possible, gobies were identified to species level resulting in a higher number of goby 
taxa than the 1986-7 study, where identification stopped at genus.  

In the 1986-87 study, Dempsey and Rogers (1989) sampled the entrained plankton by lowering a Gulf™ V 
Plankton Sampler on a crane into the outfall channel.  Each month, sampling was undertaken for periods of 
55 minutes over an eight-hour period which included low water, dusk and two hours after dusk.  On three 
occasions, a 25-hour sampling period was conducted to encompass two complete tides and a continuous 
day/night period.  These three 25-hour surveys were used to produce correction factors for the remaining 
eight-hour surveys.  Whilst there may be analytical issues in using one month’s data to correct for that of a 

different month, the lower number of dates sampled (12 vs. 55) could easily account for the different numbers of 
species recorded.  Furthermore, by sampling at the point of outfall, the larvae would have passed through all 
stages of the station CWS.  The various mechanical stresses involved at each stage of CWS passage and 
sampling could easily result in the physical degradation of larvae leading to difficulties with identification and 
therefore result in a lower number of taxa identified.  Studies of larval survival following passage through CWSs 
are recognised as being hindered by damage caused even at the sampling stage (Dempsey, 1983).  

Figure 3.8 demonstrates how, as with the impingement sampling, the number of species recorded greatly relies 
on the number of samples taken.  This is likely to have played a major role in the disparity of the number of 
species identified between the two survey programmes.  Both curves in Figure 3.8 begin to plateau out.  This 
does not imply that Dempsey and Rogers (1989) had necessarily sampled all possible species; rather, the 
plateau is a result of the changing survey season and the lack of any larvae during the winter period.  The 
secondary increase in new species from the present study after ~37 samples is likely due to the onset of the 
second spring survey season when a small number of additional species in low abundance was recorded.  
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Figure 3.8 : A comparison between the cumulative number of larval fish species recorded on the CWS screens at the Existing 

Power Station with number of surveys conducted in the 1986-87 study (Dempsey and Rodger, 1989) and the present study 

(2011-2012). 

Despite these methodological differences between the two surveys set some 25 years apart, there are similar 
patterns in the data.  The May peaks in dab numbers observed in the present study also occurred during May 
1987, and higher numbers of sea scorpion were recorded in April during both sets of surveys.  In July and 
August 1987, goby numbers peaked as they did during the corresponding months of the present study .  The 
only major difference between the two datasets is the peak in sandeel larvae in the present study (Figure 3.4) 
where this family group was not observed in the 1986-87 study. 

The results of the present study suggest there are differences in the quantities and composition of the 
ichthyoplankton samples from the entrainment study on the Existing Power Station compared with the samples 
from the coastal sites.  In general, the entrainment samples suggested a lower density was entrained compared 
with the coastal sites.  In all comparisons (Appendix E), sandeels were the taxa most responsible for the sample 
differences, often followed by dragonets, flatfish (e.g. dab), gobies and clupeids (e.g. sprat).  Sandeels and 
gobies are demersal spawners and therefore abundances of eggs and larvae in coastal waters within the 
vicinity of the intake would be expected to be reflected within entrainment samples.  Other taxa such as flatfish, 
sprat and dragonets are pelagic spawners with buoyant eggs, likely to drift well away from the sheltered sea 
area where the intake is situated.  This, coupled with the position and design of the present intake on the 
seabed, could be a major factor influencing the catch rates of species exhibiting these spawning characteristics 
and the overall abundance of fish larvae entrained. 

The entrainment samples also contained a much greater density of blenny larvae and larvae from a number of 
species not identified in the samples obtained from the coastal waters; these included snake pipefish (Entelurus 

aequoreus), lumpsucker, goldsinny wrasse (Ctenolabrus rupestris) and Eckstrom’s topknot (Zeugopterus 

regius).  These additional species including the blennies are all reef-dwelling fish either spawning close inshore 
or attaching their eggs to the substrate; such behaviours are likely to be one the reasons for their absence in 
samples further from shore. 
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Dempsey and Rogers (1989) considered that the entrainment of juvenile fish at the Existing Power Station was 
not likely to have any significant adverse effect on the populations of those species entrained.  The small 
percentage of the fish populations affected could be masked by year-on-year natural variations observed in fish 
population sizes.  Section 4 of this report examines the EAVs of many of the species entrained in the present 
study to put them into the context of spawning populations. 
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4. Entrapment 
4.1 Data analysis 

Entrapment of larval (ichthyoplankton) and juvenile fish into power station CWSs is commonly assessed using 
the Equivalent Adult Value (EAV) concept (Horst, 1977; Dempsey, 1988; Dempsey and Rogers, 1989) .  The 
purpose of EAV analysis is to put entrapment catches into the context of commercial fishing which exploits adult 
fish above the Minimum Landing Size (MLS).  An assessment of juvenile fish catches by power stations in terms 
of raw numbers assumes that all fish would have survived to adulthood and entered the commercial fishery had 
they not been entrapped.  In reality, natural mortally among early life stages is extremely high and of the many 
eggs spawned, few will survive to adulthood and become available to the commercial fishery .  Comparing raw 
numbers of entrapped juvenile fish directly to numbers removed by commercial fishing would therefore 
overestimate the impact of abstraction on commercial fish stocks. 

Whilst the EAV methodology is most commonly used to quantify entrainment, several UK power plant studies 
have also applied EAVs to impinged fractions (Turnpenny, 1989; Turnpenny and Taylor, 2000).  The EAV of 
entrained and impinged fractions combined allows entrapment impacts to be assessed in their entirety.  

EAVs are calculated using lifetables which contain age and species-specific life history data such as fecundity 
and survivorship.  These data are derived from published literature and therefore the applicability of the EAV 
methodology is limited to those species for which adequate life history data are available.  

In 2013, Jacobs was commissioned by Horizon to develop lifetables for fish populations within the vicinity of the 
Existing Power Station.  A preliminary assessment of available literature identified the possibility of developing 
three existing lifetables and creating a further seven (Table 4.1).  The three existing lifetables for sandeel, dab 
and whiting were created in 2011 as part of an MSc project carried out in partnership with Kings College 
London.  These were updated to reflect the most recent and geographically relevant data.  The proposal to 
develop lifetables for seven new species was based on the availability of life history data as well as dominance 
of these species within entrapment catches (Sections 1 and 2) and also fish surveys conducted within the 
vicinity of the Existing Power Station as part of the ecological survey programme (Jacobs, 2013b) .  In 2015, a 
further review of these lifetables was undertaken with the purpose of ensuring EAV analysis was carried out 
using the best available data.  Considering data published annually by the International Council for the 
Exploration of the Sea (ICES) for commercial fish stocks, the lifetables of sea bass, Dover sole and plaice were 
updated.  No new published data were found to be available for the seven remaining lifetables. 

In some cases, there was insufficient life history data to permit the development of species-specific lifetables but 
where the life histories of species within the same genus were sufficiently similar; a genus-level lifetable has 
been developed.  These include dragonet and sandeel lifetables.  Conversely, wrasse species (Labridae) 
demonstrate significant deviation in life histories; therefore, whilst Jacobs originally intended to develop a 
genus-level lifetable, species-specific lifetables for corkwing wrasse and goldsinny wrasse have been 
developed. 

Details of the EAV methodology and the ten lifetables used within this report can be found in Jacobs (2015). 

Table 4.1 : Lifetables created and updated within this report. 

Taxa Common name Created Updated 

Dicentrarchus labrax Sea bass 2013 2015 

Merlangius merlangus Whiting 2011 2013 

Pleuronectes platessa Plaice 2013 2015 

Limanda limanda Dab 2011 2013 

Solea solea Dover sole 2013 2015 

Buglossidium luteum Solenette 2013 - 
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Taxa Common name Created Updated 

Ctenolabrus rupestris Goldsinny wrasse 2013 - 

Symphodus melops Corkwing wrasse 2013 - 

Ammodytes spp. Sandeel family 2011 2013 

Callionymus spp. Dragonet family 2013 - 

To assess entrapment (entrainment plus impingement) catches, age-specific EAVs were calculated for the 
species outlined in Table 4.1.  Age determination and EAV methodologies are outlined in detail in Jacobs 
(2015).  EAVs were also calculated for herring and sprat, as lifetables for these species have recently become 
available (Jacobs, 2013c).  EAVs for clupeids were presented as a range from both the herring and sprat 
lifetables.  At present, no lifetable exists for pilchard.  

Given the difficulties in speciating and ageing larval Gobiidae, Dempsey (1988) reported a generic EAV for 
entrained individuals.  Gobiidae was the most abundant taxon entrained during the entrapment monitoring 
programme at the Existing Power Station, representing 15.9% of the total.  This generic EAV has therefore 
been applied to Gobiidae abundances entrained per survey.  It was not possible to apply a generic EAV to 
impinged individuals owing to their size and the variable life histories demonstrated by goby species.  There 
were also insufficient data to create species-specific lifetables for all goby species.  Gobiidae EAVs therefore 
represent the entrained fraction only.   

Entrapment EAVs were extrapolated to the maximum abstraction rate of the Existing Power Station (70 m3/s) to 
provide meaningful estimates scaled to CWS abstraction volumes.  Where multiple surveys were carried out in 
a month, catches were summed and then divided by the volume of water abstracted during the corresponding 
period to yield estimates per m3 of cooling water abstracted.  These values were then multiplied by the volume 
of water abstracted (m3) during each month to give extrapolated monthly impingement estimates.  Summation of 
these values provides an annual EAV estimate.  

To put entrapment catches into context, the EAV of commercial species including whiting, plaice, Dover sole, 
herring, sprat, clupeids (assuming unidentified individuals are either sprat or herring) and sea bass have been 
presented as a percentage of fishing statistics (ICES, 2014; 2015).  For non-commercial species, such as dab, 
EAVs have been represented as a percentage of population estimates.  It was not possible to assess the 
ecological significance of the remaining non-commercial species (solenette, goldsinny wrasse, corkwing wrasse 
and dragonet) EAVs due to the limited availability of relevant population data.  

Fish entrapment can also be quantified in terms of the loss of food resources to key marine predators (e.g. 
seabirds and marine mammals). This is referred to as a dietary equivalence assessment and indicates the 
potential ecological significance of power station operations to higher trophic levels. Four marine predators have 
been examined: grey seal; Sandwich tern (Sterna sandvicensis); Arctic tern (Sterna paradisaea); and common 
tern (Sterna hirundo). These species are common around the north coast of Anglesey and are of conservation 
importance, with grey seal being listed under the Habitats Directive and protected by the Conservation of 
Habitats and Species Regulations (as amended), and the three tern species being qualifying features of the 
Anglesey Terns/Morwenoliaid Ynys Môn SPA.  

Fish entrapment estimates have been derived by summing the biomass of fish impinged and the biomass of 
EAVs entrained annually. The direct biomass of the impinged fraction has been used because the size of fish 
which are known to be vulnerable to impingement are approximately the same size as those known to be 
predated on by grey seal and terns (e.g. juveniles). Fish larvae do not represent a significant food resource to 
grey seal and terns and so the EAV of the entrained fraction has been used. The biomass of this fraction was 
calculated assuming a weight at 50% maturity as per the approach outlined by Turnpenny (1988). The sources 
for the allometric equations used to convert EAVs to biomass is summarised in Table 4.2.  For all the species 
examined, length-weight relationships presented by Silva et al. (2013) were used.  
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Table 4.2: Source of allometric equations used to determine weight at 50% maturity to convert EAVs to a biomass. 

Species Taxonomic order Weight at 50% 
maturity (g) 

Method Reference 

Whiting Gadiformes 88.9 Length at 50% maturity Gerritsen et al. (2003) 

Plaice Pleuronectiformes 130.7 Length at 50% maturity Doran (2011) 

Dab Pleuronectiformes 55.6 Length at 50% maturity Langan (2012) 

Dover sole Pleuronectiformes 210.5 Age at 50% maturity;  

length-age relationship 

Pawson and Harley (1997); Milner 
and Whiting (1996) 

Solenette  Pleuronectiformes 7.6 Length at 50% maturity Llkyaz et al. (2010) 

Herring Clupeiformes 109.0 Length at 50% maturity Clarke et al. (2001) 

Sprat Clupeiformes 7.2 Length at 50% maturity Mittermayer (2007) 

Ammodytes spp.  Perciformes 7.6 Length at 50% maturity Bergstad et al. (2001) 

Corkwing wrasse Perciformes 16.6 Age at 50% maturity;  

length-age relationship 

Darwall et al. (1992);  

Dipper, (1976) 

Goldsinny wrasse Perciformes 14.1 Age at 50% maturity;  

length-age relationship 

Darwall et al. (1992);  

Sayer et al., (1995) 

Callionymus spp. Perciformes 26.8 Length at 50% maturity King et al. (1994) 

 

4.2 Results 

4.2.1 Equivalent Adult Values (EAVs) 

The proportion of fish entrapped for which EAV analysis was possible represented 54% and 61% of the 
entrained and impinged fractions, respectively.  These included some of the most abundant species entrapped, 
including whiting, dab, dragonet and sprat.  Species-specific EAVs are presented in Table 4.3.  

At the Existing Power Station, sprat was entrapped in the highest abundance and equated to 49,050 equivalent 
adults.  Assuming all the clupeids sampled (including unidentified individuals) were sprat, a further 18,253 
equivalent adults were also estimated to have been entrapped.  The entrainment rate of larval sprat was much 
higher than impingement of juveniles; however, the abundance of these life stages within entrapment catches 
represented approximately the same number of equivalent adults.  This outcome is driven by the assumption 
that a single juvenile is of greater value to a population than a single larva, being more likely to reach 
reproductive maturity to become an adult.  

Equivalent adult herring were entrapped in fewer numbers (795 equivalent adults) compared to sprat and were 
predominately recorded within the impinged fraction.  Assuming all the clupeids sampled (including unidentified 
individuals) were herring, these individuals only represented a further 34 equivalent adult herring.  

Gobiidae demonstrated the second highest EAV despite representing the entrainment fraction only 6 and 
equated to between 13,143 equivalent adults.  Dragonets and sandeels were entrapped in moderate numbers, 
collectively representing 6,684 equivalent adults.  Both taxa were present within the entrained and impinged 
fractions in relatively equal numbers.  All remaining species (solenette, Dover sole, sea bass, dab, goldsinny 
wrasse, corkwing wrasse, whiting and plaice) collectively represented 2,869 equivalent adults.  The majority of 
entrapped plaice, solenette and Dover sole were entrained whilst dab were most common within the impinged 
fraction.  Whiting and goldsinny wrasse were entrained and impinged in relatively equal proportions whilst sea 
bass were only recorded in the impinged fraction.  

                                                 
6 EAVs for gobies were only applied to the entrained fraction owing to their size and the variable life histories demonstrated by goby species. 
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Table 4.3 : Number of equivalent adults estimated to have been entrained, impingement and entrapped (entrainment + 

impingement) annually scaled to an abstraction rate of 70 m3/s. * Goby EAVs represent the entrained fraction only. 

Common name Entrainment Impingement Entrapment 

Sea bass 0 43 43  

Sandeel 2,561 994 3,555  

Solenette 148 19 167  

Dover sole 118 7 124  

Dragonet 2,048 1,081 3,129  

Goldsinny wrasse 47 42 89  

Corkwing wrasse 56 424 480  

Dab 57 291 348  

Whiting 384 342 726  

Plaice 661 232 893  

Goby* 13,143 - 13,143  

Sprat 25,343 23,707 49,050  

Herring 15 780 795  

Clupeids as sprat 18,035 219 18,253  

Clupeids as herring 20 14 34 

4.3 Significance of entrapment 

4.3.1 Comparisons to UK fishing statistics and population estimates 

The ICES Working Group for the Celtic Sea Ecoregion (WGCSE) report (ICES, 2016a) provides information on 
commercial fishing efforts within the Irish Sea (ICES assessment division VIIa) in 20147.  International landings 
of whiting reported to ICES have declined since the 1990s from over 5,000 tonnes to 73 tonnes reported in 
2014.  Assuming a weight at 50% maturity of 86.7 g per individual (Gerritsen et al., 2003), the upper estimated 
number of equivalent adult whiting (tonnes) entrapped annually represented 0.09% of international landings 
reported in 2014.  

In 2015, 1,005 tonnes of Irish Sea plaice were estimated to have been landed internationally (ICES, 2016a).  
Assuming a weight at 50% maturity of 130.7 g per individual (Doran, 2011), the estimated number of equivalent 
adult plaice entrapped annually represented 0.01% of landings.  

The Dover sole fishery within the Irish Sea mainly takes place in the eastern Irish Sea (Liverpool Bay and 
Cardigan Bay).  In 2015, 76 tonnes were estimated to have been landed (ICES, 2016a).  Assuming a weight at 
50% maturity of 210.5 g per individual (Langan, 2012), the estimated number of equivalent adult Dover sole 
entrapped annually represented 0.03% of landings.   

ICES advice published in 2016 included a second preliminary assessment of sea bass stocks within the Irish 
Sea, Celtic Sea, English Channel and southern North Sea combined (ICES, 2016b).  Landings (commercial and 
recreational) in 2014 were estimated to be 3,661 tonnes.  Assuming a weight at 50% maturity of 519 g per 
individual (ICES, 2013), the estimated tonnage of equivalent adult sea bass entrapped annually represented 
0.001% commercial landings and 0.002% of recreational fishing catches.  

                                                 
7 2015 estimate not considered reliable on publication of the 2016 WGCSE report (ICES, 2016).  
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ICES (2016c and 2016d) also provide landing statistics data for sprat and herring in the southern (ICES 
assessment division VIIaSd-e) and northern Irish Sea (ICES assessment division VIIaNg-h & j-k), respectively.  
Assuming a weight at 50% maturity of 7.2 g per individual (Mittermayer, 2007), the estimated number of 
equivalent adult sprat (tonnes) entrapped annually represented 0.01% of commercial landings from the 
southern Irish Sea in 2015.  Assuming all entrapped clupeids were sprat, these individuals represent a further 
0.004%.  In 2015, an estimated 17,578 tonnes of herring was landed from the northern Irish Sea.  Assuming a 
weight at 50% maturity of 109 g per individual (Clarke et al., 2001), the estimated number of equivalent adult 
herring (tonnes) entrapped annually represented 0.0005% with clupeids (assuming all were herring) 
representing a further 0.00002%.  

For non-commercial species, such as dab, other population metrics are available which contextualise 
entrapment catches.  Selsay (2001) examined the population ecology of dab in the eastern Irish Sea off the 
coast of north Wales.  The survey area included Red Wharf Bay, Conwy Bay and the offshore grounds on the 
north Wales coast.  The total survey area was 656 km2 and the population of dab within this area was estimated 
to be 2.34 x 106 individuals.  The upper estimated number of equivalent adult dab entrapped annually at the 
Existing Power Station represented 0.01% of the local population. 

With regards to commercial fish species, it is evident that the numbers of equivalent adults entrapped annually  
at the Existing Power Station represent a tiny fraction of those removed by the fisheries operating in the Irish 
Sea.  A similar level of significance was observed when comparing the number of dab entrapped to local 
population estimates. This is due to not only to the relatively low abundance of fish entrapped but also the 
dominance of juvenile life stages within catches with 87% being equal to or below the smallest minimum landing 
size for a fish species (11 cm), as stipulated by the Council Regulation (EC) No. 850/98. 

Whilst the impinged fraction (abundance and biomass) is lost from the local ecosystem, the entrained fraction is 
returned to the sea via the outfall.  At present, no assessment of survivability of the entrained fraction has been 
made.  However, Entrainment Mimic Unit studies indicate that mortality rates of some spec ies are less than 
100% and can vary between life stages.  The EAVs presented within this report can therefore be regarded as 
precautionary estimates assuming 100% mortality of both entrained and impinged fractions.  

4.3.2 Dietary equivalence assessment  

The daily energy requirement of an adult tern is estimated to be 347 kJ (Wanless et al., 1998). Assuming the 
terns are present in the Anglesey Terns/Morwenoliaid Ynys Môn SPA from 1st April to 31st July (122 days), the 
total per capita energy demand of an adult during the breeding seasons would be 42,334 kJ.  

Sandeel and clupeids have been found to be the dominant prey species collectively representing 83%, 78%, 
and 96% of the overall diet of Sandwich, common and Artic terns, respectively (Perrow et al., 2010; Newton and 
Crowe, 2000). The relative contribution of each prey species to the diet of Sandwich, common and Arctic terns 
is presented in Table 4.4.  

Table 4.4: Proportion of Sandwich, common and Arctic tern diet made up of sandeel and clupeids ( 1Newton and Crowe, 2000; 
2Perrow et al., 2010).  

 Sandwich tern1 Common tern1 Arctic tern2 

Sandeel 0.52 0.10 0.85 

Clupeids 0.31 0.68 0.11 

The average length of fish eaten is 6 cm (Perrow et al., 2010). Using equations reported by Steinen (2006) and 
considering a digestive efficiency of 75%, the energetic value of each sandeel and clupeid consumed is 3.1 kJ 
and 7.7 kJ, respectively. The biomass of sandeel and clupeids that would need to be consumed by each 
species of tern to meet its per capita energy demand during the breeding season is presented in Table 4.5.  
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Table 4.5: Biomass (kg) of sandeel and clupeids that would need to be consumed per capita during the breeding season.   

 Sandwich tern Common tern Arctic tern 

Sandeel 9.47 1.11 5.80 

Clupeids 1.19 7.33 3.34 

Total 10.66 8.45 5.80 

During the breeding season, a total of 161 - 288 kg of sandeel and clupeids is estimated to be entrapped at the 
Existing Power Station. This represents 0.4 - 0.7% of the biomass of these prey species which is required to 
sustain the tern populations of the Anglesey Terns/Morwenoliaid Ynys Môn SPA (calculations assume a five 
year mean population size: 1992 - 1996 for Arctic and common terns and 1993-1997 for Sandwich terns).  
Considering the tern species individually, the biomass of clupeids and sandeel entrapped at the Existing Power 
Station during the breeding season is equivalent to the diet of 15 – 27 Arctic terns, 19 – 34 common terns or 
18 - 32 Sandwich terns during the corresponding period.  

The weight of an adult grey seal varies between 105 kg to 310 kg, with 194 kg considered to be an appropriate 
average (Bonner, 1981; Jefferson et al., 2008). Using this biomass data and the equation presented by Innes et 

al. (1987) for Phocidae, the daily food consumption of an individual grey seal ranges from 2.7 kg to 6.8 kg, with 
an average of 4.6 kg. This equates to an annual food consumption of 996 kg to 2,472 kg (average of 1,667 kg).    

Based on dietary composition data presented by Strong et al. (1996), grey seal is known to consume 
Rajiformes, Anguilliformes (e.g. conger eel), Cluepiformes (e.g. herring), Salmoniformes, Gadiformes (e.g. 
whiting), Pleuronectiformes (i.e. flatfish) and Perciformes (e.g. dragonets, wrasse and horse mackerel). 
Between 1,330 kg and 1,457 kg of fish predicted to be entrapped annually at the Existing Power Station belong 
to these taxonomic orders and represent a potential food resource to grey seal, equating to the annual diet of 
one average sized adult.  adults. Whilst 
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5. Conclusions 
• Impingement rates of fish at the Existing Power Station between March 2011 and July 2012 were lower in 

biomass but higher in number than those recorded previously in the late 1980s (Spencer, 1990). 

• The smallest minimum landing size for a fish species, as stipulated by the Council Regulation (EC) No. 
850/98, is 11 cm which is based on pilchard (Sardina pilchardus). Very few fish of any commercial value 
were impinged with 87% of all fish being 11cm or less and 95% being smaller than 18 cm standard length.   

• Extrapolation of the data from the Existing Power Station estimated the annual catch at the Existing Power 
Station to be approximately 79,450 with a biomass of approximately 1.8 tonnes.   

• Impingement of fish at the Existing Power Station is very low.  It remains lower than at other UK power 
stations and does not pose any threat to the integrity of commercial stocks. 

• Impingement of fish at the Existing Power Station peaks in the winter when higher numbers of clupeids, 
dragonets, sea scorpion and lesser-spotted dogfish are impinged.  Increased numbers of juvenile gadoids 
(particularly whiting) are impinged between May and July. 

• Impingement of lobsters is low at the Existing Power Station with an estimate of approximately 65 per year.  
Impacts on the local lobster fishery are considered to be negligible. 

• The main bulk of all impinged material was composed of macroalgae and invertebrates.  Increased 
impingement of material was found to be approximately correlated to periods of strong north-westerly 
winds.  

• The peak season for jellyfish impingement is between early May and late July.  The dominant species of 
jellyfish encountered were moon and lion’s mane jellyfish. 

• The peak season for larval entrainment was between early February and late August in both years when 
sampling was completed.  This peak season coincided with peak abundances recorded from coastal 
ichthyoplankton surveys. 

• The density of larvae in the entrainment samples was only 0.2% - 8.3% of that observed in the coastal 
plankton samples during the corresponding months.  

• Annual entrapment catches of sea bass, whiting, plaice, Dover sole, solenette, dab, corkwing wrasse, 
goldsinny wrasse, sandeel, dragonet, goby and clupeids (assuming these are either all sprat or all herring) 
extrapolated to 70 m3/s of seawater represent between 72,550 and 90,800 equivalent adults. 

• Equivalent adult catches of sea bass, whiting, plaice, herring, sprat and Dover sole represent a tiny fraction 
of commercial fishing statistics with each species representing between 0.0005% and 0.09%.  

• Equivalent adult catches of dab represented a tiny fraction of the local population (0.02%).   

• Entrapment of sandeel and clupeids at the Existing Power Station represented a loss of food resources 
equivalent to 0.4% – 0.7% of that which is required to sustain the tern population in the Anglesey Terns / 
Morwenoliaid Ynys Môn SPA during the breeding season. Entrapment of fish species known to be prey of 
grey seal equated to the annual diet of one average sized adult.  

• The significance of equivalent adult catches of solenette, corkwing wrasse, goldsinny wrasse and dragonet 
could not be assessed due to the absence of commercial and ecological metrics for these species.  
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Appendix A. Impingement and Entrainment Survey Dates 

 

Figure A.1: Dates of 24-hour entrapment surveys conducted at the Existing Power Station between March 2011 and July 2012. 
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Appendix B. Seawater Abstraction Volumes 

 

Figure B.1: Volume of seawater (m3) sampled during each impingement survey carried out between March 2011 and July 2012.   
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Appendix C. Impinged Invertebrate Taxa 
Table C. 1: Invertebrate taxa impinged on the CWS screens at the Existing Power Station between March 2011 and July 2012 

during 24-hour entrapment surveys. 

Taxa Common Name Taxa Common Name 

Sponges 

Amphilectus fucorum Orange sponge Leucosolenia sp. Sponge 

Dysidea fragilis Goose bump sponge Sycon ciliatum Sponge 

Grantia compressa Sponge Stelligera stuposa Sponge 

Haliclona oculata Sponge Stelligera rigida Sponge 

Halichondria panicea Breadcrumb sponge Porifera sp. Orange sponge 

Halichondria bowerbanki Sponge Porifera sp. Yellow sponge 

Cnidarians 

Abietinaria abietina A hydroid Hydrallmania falcata A hydroid 

Actinia equina Beadlet anemone Metridium senile Plumose anemone 

Sagartia sp. An anemone Nemertesia 

antennina 
Antenna hydroid 

Actinothoe sphyrodeta Sandalled anemone Nemertesia ramosa A hydroid 

Aglaophenia sp. A hydroid Obelia sp. A hydroid 

Aurelia aurita Moon jellyfish Tubularia indivisa Oaten pipe hydroid 

Alcyonium digitatum Dead men's fingers Tubularia larynx A hydroid 

Amphisbetia operculata A hydroid Urticina eques An anemone 

Chrysaora hysoscella Compass jellyfish Urticina felina Dahlia anemone 

Clava multicornis Club-headed hydroid Rhizostoma pulmo Barrel jellyfish 

Ctenophora Comb jelly Sarsia eximia A hydroid 

Cyanea capillata Lions mane jellyfish Sertularia argentea A hydroid 

Cyanea lamarckii Blue jellyfish Sertularia cupressina A hydroid 

Dynamena sp. A hydroid Sertularella gayi A hydroid 

Halecium sp. A hydroid Eudendrium sp. An athecate 
hydroid 

Flatworms 

Platyhelminthe Flatworm   

Molluscs 

Aeolidia papillosa Nudibranch Loligo sp. A squid 

Aequipecten opercularis Queen scallop Musculus sp. Mussels 

Anomiidae sp. Saddle oyster Mytilus edulis Common mussel 

Aplysia punctata A sea hare Nucella lapillus Dog whelk 
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Taxa Common Name Taxa Common Name 

Archidoris pseudoargus Sea lemon Onchidoris 

bilamellata 
Nudibranch  

Buccinum undatum Common whelk Patella vulgata Common limpet 

Coryphella sp. A sea slug Pecten maximus 
(juv.) King scallop 

Dendronotus frondosus Nudibranch Philine aperta Lobe shell 

Eledone cirrhosa Curled octopus Polycera 

quadrilineata 
A sea slug 

Facelina sp. Nudibranch Polyplacophora sp. Chiton 

Flabellina sp.  Nudibranch Sepiola atlantica Little cuttlefish 

Gibbula sp. A top shell Tellinoidea A bivalve 

Helcion pellucidum  Blue-rayed limpet Trivia arctica Arctic cowrie 

Janolus cristatus Nudibranch Trivia monacha Spotted cowrie 

Nassarius reticulatus Netted dog whelk Velutina velutina Sea snail 

Littorina littorea Periwinkle   

Annelid Worms 

Aphrodita aculeata Sea mouse Pherusa plumosa Bristle worm 

Arenicola marina Lugworm Phyllodocidae Paddle worm 

Lepidonotus squamatus Scaleworm Spirobranchus sp. Polychaete worm  

Polynoidae sp. Scaleworm  Sabellidae sp. Polychaete worm 

Eunicidae sp. Polychaete worm Spirorbis sp. Polychaete worm 

Nereididae sp. Polychaete worm Terebellidae sp. Polychaete worm 

Nephtys sp. Catworm   

Nemertean Worms 

Nemertea sp. Nemertean worm Lineus longissimus The bootlace worm 

Crustaceans 

Amphipoda Shrimp Liocarcinus holsatus Flying crab 

Balanus balanus Barnacle Macropodia sp. A spider crab 

Cancer pagurus Edible crab Maja squinado 
European spider 
crab 

Caprella linearis Shrimp  Mysidae Shrimp  

Carcinus maenas Shore crab Necora puber 
Velvet swimming 
crab 

Corophiidae Shrimp  Pagurus bernhardus Hermit crab 

Crangon allmanni Shrimp  Palaemon elegans Shrimp  

Crangon crangon Brown shrimp Palaemon serratus Common prawn 
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Taxa Common Name Taxa Common Name 

Eualus occultus Hippolyte shrimp Pandalina brevirostris Shrimp  

Galathea strigosa Squat lobster Pandalus montagui Pink shrimp 

Galathea squamifera Squat lobster Pasiphaea sivado Shrimp  

Gammarellus angulosus Shrimp Pilumnus hirtellus Hairy crab 

Hippolyte varians Shrimp  Pinnotheridae Pea crab 

Homarus gammarus Common lobster Pirimela denticulata Toothed crab 

Hyas araneus Crab Pisidia longicornis 
Long-clawed 
porcelain crab 

Hyas coarctatus Crab Pisinae sp. A spider crab 

Hyperia galba Shrimp Porcellana 

platycheles 

Broad-clawed 
porcelain crab 

Inachus sp. Crab Processa edulis 

edulis 
Shrimp 

Isopoda Isopod Eualus cranchii Shrimp 

Liocarcinus depurator Harbour crab   

Sea spiders 

Pycnogonida Sea spider   

Bryozoans 

Alcyonidium diaphanum Sea fingers Crisia sp. A bryozoan 

Bowerbankia sp. Creeping bryozoan Flustra foliacea A bryozoan 

Bugula flabellata A bryozoan Flustrellidra hispida A bryozoan 

Bugula plumosa A bryozoan Membranipora 

membranacea 
A sea mat 

Bryozoa A bryozoan Scrupocellaria sp. A bryozoan 

Cellaria sinuosa A bryozoan Vesicularia spinosa A bryozoan 

Chartella sp. A bryozoan Indet. Encrusting bryozoa 

Echinoderms 

Antedon bifida Feather star Ophiothrix fragilis Brittle star 

Asterias rubens Common starfish Ophiura ophiura  Brittle star 

Henricia sp. Starfish Psammechinus 

miliaris 
Green Sea Urchin 

Ophiocomnia nigra Brittlestar   

Sea squirts 

Ascidiella aspersa Sea squirt Botryllus schlosseri Star ascidian 

Ascidia conchilega Sea squirt Ciona intestinalis Vase tunicate 

Ascidia mentula Sea squirt Corella eumyota Invasive species 
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Taxa Common Name Taxa Common Name 

Ascidia virginea Sea squirt Molgula sp. Sea squirt 

Ascidiella scabra Sea squirt Morchellium argus Sea squirt 

Aplidium punctum Sea squirt Leucosolenia sp. Sea squirt 

Botrylloides leachii Sea squirt Didemnum sp. Sea squirt 
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Appendix D. Impinged marine macroalgae species 
Table D. 1: Algal species recorded from the CWS screens at Wylfa Power Station between March 2011 and July 2012. 

Red algae Brown algae Green algae 

Acrosorium ciliolatum Alaria esculenta Cladophora sp. 

Acrosorium venulosum Ascophyllum nodosum Codium sp. 

Chondrus crispus Brongniartella byssoides Enteromorpha intestinalis 

Chylocladia verticillata Bryopsis plumosa Ulva intestinalis 

Corallina officinalis Calliblepharis ciliata Ulva lactuca 

Cryptopleura ramosa Calliblepharis jubata Ulva sp. 

Cystoclonium purpureum Callithamnion sp.   

Cystoseira sp. Callophyllis laciniata   

Delesseria sanguinea Ceramium spp. Seagrass 

Dilsea carnosa Chorda filum Zostera marina  

Drachiella spectabilis Cladostephus sp.   

Dumontia contorta Cutleria multifida   

Erythroglossum laciniatum Desmarestia aculeata   

Furcellaria sp. Desmarestia ligulata   

Gastroclonium sp. Desmarestia viridis   

Gelidium sp. Dictyopteris polypodioides   

Grateloupia sp. Dictyota sp.   

Griffithsia corallinoides Dictyota dichotoma   

Halarachnion ligulatum Dictyota spiralis   

Halurus flosculosus Fucus ceranoides   

Heterosiphonia plumosa Fucus serratus   

Heterosiphonia japonica Fucus sp.   

Lomentaria clavellosa Fucus spiralis   

Lomentaria orcadensis Fucus vesiculosus   

Lomentaria articulata Halidrys siliquosa   

Mastocarpus stellatus Halopteris filicina   

Membranoptera alata Himanthalia elongata   

Nitophyllum punctatum Hypoglossum hypoglossoides   

Osmundea sp. Laminaria sp.   

Palmaria palmata Laminaria digitata   

Phycodrys rubens Laminaria hyperborea   

Phyllophora crispa Pelvetia canaliculata   

Phyllophora pseudoceranoides Spongonema tomentosum   

Plocamium cartilagineum Saccharina latissima   
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Red algae Brown algae Green algae 

Plumaria plumosa Petalonia sp.   

Polyides sp. Brown filamentous macroalgae   

Polyides rotundus     

Polysiphonia elongata     

Polysiphonia lanosa     

Polysiphonia spp.     

Porphyra sp.     

Pterothamnion sp.     

Ptilota gunneri     

Rhodophyllis divaricata     

Rhodymenia holmesii     

Rhodymenia pseudopalmata     

Rhodymenia sp.     

Schottera nicaeensis     

Sphacelaria sp.     

Sphaerococcus sp.     

Sphaerococcus coronopifolius     
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. 

Red algae Red algae continued Brown algae continued 

Acrosorium ciliolatum Phyllophora pseudoceranoides Desmarestia aculeata 

Acrosorium venulosum Plocamium cartilagineum Desmarestia ligulata 

Chondrus crispus Plumaria plumosa Desmarestia viridis 

Chylocladia verticillata Polyides sp. Dictyopteris polypodioides 

Corallina officinalis Polyides rotundus Dictyota sp. 

Cryptopleura ramosa Polysiphonia elongata Dictyota dichotoma 

Cystoclonium purpureum Polysiphonia lanosa Dictyota spiralis 

Cystoseira sp. Polysiphonia spp. Fucus ceranoides 

Delesseria sanguinea Porphyra sp. Fucus serratus 

Dilsea carnosa Pterothamnion sp. Fucus sp. 

Drachiella spectabilis Ptilota gunneri Fucus spiralis 

Dumontia contorta Rhodophyllis divaricata Fucus vesiculosus 

Erythroglossum laciniatum Rhodymenia holmesii Halidrys siliquosa 

Furcellaria sp. Rhodymenia pseudopalmata Halopteris filicina 

Gastroclonium sp. Rhodymenia sp. Himanthalia elongata 

Gelidium sp. Schottera nicaeensis Hypoglossum hypoglossoides 

Grateloupia sp. Sphacelaria sp. Laminaria sp. 

Griffithsia corallinoides Sphaerococcus sp. Laminaria digitata 

Halarachnion ligulatum Sphaerococcus coronopifolius Laminaria hyperborea 

Halurus flosculosus Brown algae Pelvetia canaliculata 

Heterosiphonia plumosa Alaria esculenta Spongonema tomentosum 

Heterosiphonia japonica Ascophyllum nodosum Saccharina latissima 

Lomentaria clavellosa Brongniartella byssoides Petalonia sp. 

Lomentaria orcadensis Bryopsis plumosa Green algae 

Lomentaria articulata Calliblepharis ciliata Cladophora sp. 

Mastocarpus stellatus Calliblepharis jubata Codium sp. 

Membranoptera alata Callithamnion sp. Enteromorpha intestinalis 

Nitophyllum punctatum Callophyllis laciniata Ulva intestinalis 

Osmundea sp. Ceramium spp. Ulva lactuca 

Palmaria palmata Chorda filum Ulva sp. 

Phycodrys rubens Cladostephus sp. Seagrass 

Phyllophora crispa Cutleria multifida Zostera marina  
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Appendix E. SIMPER Analysis Results 
The output below show the results of the SIMPER analysis (top ten taxa contributing to between group 
dissimilarity) between ichthyoplankton samples from the entrainment study at the Existing Power station (Site 8) 
and the Gulf samples from the six coastal sites (Sites 1 - 6). 

                         
Groups 8  &  1 
Average dissimilarity = 89.41 
 
   Group 8  Group 1                                
Species  Av.Abund Av.Abund Av.Diss Diss/SD Contrib% Cum.% 
Ammodytidae    35.43   307.15    17.12    0.70     19.15  19.15 
Pleuronectidae    76.56   189.64    10.72    0.93     11.99  31.14 
Gobiidae    79.95    69.48    10.27    0.70    11.48  42.62 
Callionymidae    90.07    78.06     8.19    0.87      9.16  51.78 
Cottidae        57.20    91.72     7.17    0.73      8.02  59.80 
Blenniidae    66.69    12.62     5.64    0.65      6.31  66.11 
Clupeidae    8.11   132.45     5.57    0.69      6.23  72.35 
Soleidae    37.46    76.74     5.48    0.69      6.13  78.47 
Syngnathidae    11.84    16.32     4.62    0.32      5.16  83.64 
Labridae    22.28    25.14     3.06    0.46      3.42  87.05 
Liparidae    11.60    58.29     2.84    0.64      3.17  90.23 
 
Groups 8  &  2 
Average dissimilarity = 86.63 
 
   Group 8  Group 2                                
Species  Av.Abund Av.Abund Av.Diss Diss/SD Contrib% Cum.% 
Ammodytidae    35.43   173.26    15.25    0.73     17.60  17.60 
Gobiidae    79.95    89.35   11.65    0.78     13.44  31.04 
Pleuronectidae    76.56    98.78     8.87    0.88     10.24  41.29 
Callionymidae    90.07    64.73     8.62    0.91      9.95  51.24 
Blenniidae    66.69    45.53     7.91    0.68      9.13  60.37 
Cottidae        57.20    66.11     7.27    0.72      8.39  68.76 
Labridae    22.28    60.00     5.83    0.58      6.73  75.49 
Clupeidae    8.11    89.80     5.18    0.50      5.98  81.47 
Soleidae    37.46    65.56     5.15    0.88      5.95  87.41 
Agonidae    11.37    18.68     1.93    0.46      2.23  89.64 
Gadidae         7.26    26.02     1.70    0.46      1.97  91.61 
 
Groups 8  &  3 
Average dissimilarity = 87.14 
 
   Group 8  Group 3                                
Species  Av.Abund Av.Abund Av.Diss Diss/SD Contrib% Cum.% 
Ammodytidae    35.43   158.35    14.89    0.72     17.09  17.09 
Gobiidae    79.95   107.25    12.94    0.81     14.85  31.94 
Callionymidae    90.07    87.03     9.43    0.98     10.82  42.76 
Pleuronectidae    76.56    83.94     8.72    0.82     10.01  52.77 
Cottidae        57.20    94.50     8.71    0.78      9.99  62.76 
Blenniidae    66.69    46.79     7.68    0.75      8.81  71.57 
Clupeidae    8.11   100.47     5.54    0.70      6.36  77.93 
Soleidae    37.46    36.37     4.11    0.73      4.71  82.64 
Labridae    22.28    20.38     2.82    0.54      3.24  85.88 
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Liparidae    11.60    32.35     2.67    0.53      3.07  88.94 
Agonidae    11.37    23.51     2.14    0.50      2.46  91.40 
 
Groups 8  &  4 
Average dissimilarity = 87.56 
 
   Group 8  Group 4                                
Species  Av.Abund Av.Abund Av.Diss Diss/SD Contrib% Cum.% 
Ammodytidae    35.43   284.69    17.43    0.70     19.90  19.90 
Gobiidae    79.95    77.83    11.18    0.71     12.77  32.67 
Callionymidae    90.07   121.12    10.43    0.89     11.91  44.58 
Pleuronectidae    76.56   166.64     9.66    0.93     11.03  55.61 
Clupeidae    8.11   152.17     6.88    0.68      7.86  63.47 
Cottidae        57.20    73.46     6.86    0.70      7.83  71.30 
Blenniidae    66.69    25.16     6.36    0.68      7.26  78.56 
Soleidae    37.46    64.22     4.70    0.82      5.37  83.93 
Labridae    22.28    11.62     2.46    0.46      2.81  86.75 
Syngnathidae    11.84     3.82     2.27    0.28      2.59  89.34 
Liparidae    11.60    38.77     2.05    0.55      2.34  91.68 
 
Groups 8  &  5 
Average dissimilarity = 87.23 
 
   Group 8  Group 5                                
Species  Av.Abund Av.Abund Av.Diss Diss/SD Contrib% Cum.% 
Ammodytidae    35.43   272.23    19.00    0.76     21.78  21.78 
Callionymidae    90.07   111.51     9.75    0.88     11.18  32.96 
Pleuronectidae    76.56   184.83     9.45    0.93     10.83  43.79 
Gobiidae    79.95    69.78     8.91    0.74     10.21  54.00 
Blenniidae    66.69    36.39     7.29    0.61      8.36  62.36 
Clupeidae    8.11   173.90     6.80    0.71      7.79  70.15 
Cottidae         57.20    92.88     6.60    0.74      7.57  77.72 
Soleidae    37.46    79.01     4.66    0.92      5.35  83.07 
Gadidae         7.26    54.76     2.55    0.54      2.92  85.99 
Labridae    22.28    11.75     2.27    0.43      2.61  88.60 
Liparidae    11.60    51.12     2.24    0.56      2.57  91.17 
 
Groups 8  &  6 
Average dissimilarity = 90.69 
 
   Group 8  Group 6                                
Species  Av.Abund Av.Abund Av.Diss Diss/SD Contrib% Cum.% 
Gobiidae    79.95    70.93    14.46    0.83     15.94  15.94 
Ammodytidae    35.43   111.59    14.33    0.64     15.80  31.75 
Callionymidae    90.07    40.95     9.73    0.95     10.73  42.48 
Blenniidae    66.69    35.17     9.17    0.70     10.11  52.59 
Pleuronectidae    76.56    25.43     8.21    0.76      9.05  61.64 
Cottidae        57.20    22.58     8.07    0.62      8.89  70.54 
Labridae    22.28    50.65     6.27    0.52      6.92  77.46 
Soleidae    37.46    42.45     6.26    0.62      6.90  84.36 
Clupeidae    8.11    41.60     3.79    0.50      4.18  88.54 
Syngnathidae    11.84     4.58     2.91    0.33      3.21  91.74 
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1 Introduction 

1.1 Purpose and applicability 

This document is an assessment of the aqueous discharges expected to arise via the cooling 
water discharge during operation of the Wylfa Newydd Nuclear Power Station (the Power 
Station). This document and associated H1 Appendix (Excel workbook of operational and 
maintenance continuous and batch discharge data, to be referred to in conjunction with this 
document) have been produced in support of an application for an Environmental Permit under 
schedule 21 of The Environmental Permitting (England and Wales) Regulations 2016 (SI 2016 
NO.1154) (EPR 2016), as amended.  

1.2 Terms and definitions 
Table 1-1 Terms and definitions 

TERM DEFINITION 

AA Annual average 

ABWR Advanced Boiling Water Reactor 

CAD Controlled area drain 

COD Chemical oxygen demand 

CW Circulating Water 

EQS Environmental Quality Standard 

HCW High chemical impurity waste 

Horizon Horizon Nuclear Power Ltd 

HVAC Heating ventilation and air conditioning system 

MAC Maximum allowable concentration 

MUWTP Make-up water treatment plant 

NOEC No observed effects concentration 

NSD Non-radioactive storm drain 

PNEC Predicted no-effect concentration 

RCW Reactor Building Cooling Water 

RSW Reactor Building Service Water 

RUHS Reserve Ultimate Heat Sink 

SWSD Service water storm drain 

TCW Turbine Building Cooling Water 

TRO Total residual oxidant 

TSS Total suspended solids 

TSW Turbine Building Service Water 



 
Appendix D13-11 H1 screening of the 
Wylfa Newydd Cooling Water Discharge 

DCRM Reference No Revision:            1.0 
WN034-JAC-PAC-REP-00154 Issue date:         15/03/2018 

 

Page 6 of 46 

1.3 Scope 

This document is the report of an H1 screening of the conventional discharge to the marine 
environment from the Power Station during operation. Discharges during the commissioning 
period are assumed to be similar to or less than those under operational conditions. Discharges 
arising during Site Preparation and Clearance and construction are outside the scope of this 
assessment. 

Discharges containing radioactive contaminants are also outside the scope of this document 
and will be considered in a separate assessment.  
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2  Summary 
Horizon Nuclear Power Wylfa Ltd (Horizon) is proposing to develop a new Nuclear Power 
Station (the Power Station), next to the site of the Existing Power Station on Anglesey.  

The cooling water will be abstracted from Porth-y-pistyll through the cooling water intake 
structure, passed through the Power Station’s cooling water system (comprising the Circulating 
Water, Reactor Building Service Water (RSW) and Turbine Building Service Water (TSW) 
systems) and returned to the Irish Sea at the cooling water discharge structure. The 
conventional discharge from the Power Station is subject to H1 screening with respect to the 
marine environment. The H1 process enables calculation of the impact of substances likely to 
be released to various media. In this instance, the H1 screens out the need for detailed 
assessment of those discharges to liquid effluent streams described as insignificant in 
comparison to the relevant Environmental Quality Standard (EQS).  

The impacts of all of the chemical discharges expected to arise from the Power Station have 
been screened out as insignificant with the exception of sodium nitrite which has been the 
subject of subsequent investigation.  
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3 Introduction to H1 screening 
The conventional discharge from the Power Station is subject to H1 screening with respect to 
the marine environment. The H1 process enables calculation of the impact of proposed 
substances released to various media. The H1 assessment screens out the need for detailed 
assessment of those discharges to liquid effluent streams described as insignificant in 
comparison to the relevant EQS. There is a specific process for discharges into cooling water 
streams that are then discharged to estuaries or coastal waters. 

The Environment Agency provides a methodology for the risk assessment of discharges to 
surface water. The risk assessments enable operators to demonstrate how their activities will 
be managed so that the impact on their local environment is acceptable to the Environment 
Agency. Natural Resources Wales has stated its intention to accept the H1 screening process 
for regulated activities in Wales. 
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4 Background information for H1 screening 

4.1 Information sources 

The following information source has been used in this H1 assessment to provide details of the 
expected discharges from Power Station: 

• Horizon Nuclear Power Environmental Permit Application – Water Discharge Activity. 
Supporting information for Horizon Nuclear Power Wylfa Limited’s application for a 
Water Discharge Activity Environmental Permit at the proposed Wylfa Newydd Power 
Station. DCRM Ref Number: WD03.03.02-S5-PDC-REP-00002. Revision: 0.1 

 

Further details of the information sources used in this H1 assessment are listed in Section 8. 

Horizon has undertaken water quality monitoring in the vicinity of the Existing Power Station 
since 2010, the results of which have been used to provide ambient water quality data for this 
assessment. These data are available in appendix D13-1 (Water quality and plankton surveys 
report) (Application Reference Number: 6.4.83). 

The screening process compares the predicted concentrations of the discharge constituents to 
water quality standards [Reference RD1]. Where available, the EQS provided by the 
Environment Agency on the H1 screening website [RD2] have been used. For those 
constituents for which an EQS is not available, alternative standards have been used. The 
preference in selecting these screening criteria has been to use a predicted no-effects 
concentration (PNEC).  

4.2 Discharge points 

There will be four discharge points for liquid effluent from the Power Station. These will be to: 

• sea (cooling water outfall), via the seal pit; 

• sea (Porth-y-pistyll) – cooling water intake and discharge point for the fish recovery and 
return system; 

• Welsh Water wastewater treatment works; and 

• surface watercourse. 

4.3 Operational scenarios 

The expected chemical discharges from the Power Station during operation and outage have 
been considered separately as the chemical discharges will differ considerably between the two 
periods.  

It is proposed to discharge a number of effluent streams into the cooling water before it is 
discharged to the sea. The volume of these effluent discharges will be minor in comparison to 
the cooling water flow.   

During an outage period, one of the two Advanced Boiling Water Reactor (ABWR) Units will be 
operational while the other is on outage. The fuel cycles for the two Units at the Power Station 
will be scheduled so that the outages will not be undertaken on both reactors at the same time. 
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The cooling water discharge from the Power Station during outage will be the sum of the 
operational cooling water discharges for one Unit and the outage cooling water discharges for 
the other Unit. 

4.4 Operational discharges 

Under normal operational conditions, there will be a number of discharges arising from the 
Power Station, both continuous and non-continuous (i.e. batch discharges).                                                    

The expected operational discharges from the Power Station are summarised in Table 4.1. 

4.4.1 Exclusions 

Discharges of total residual oxidant (TRO) arising from the dosing of sodium hypochlorite in the 
Circulating Water, TSW, RSW, Service Water Storm Drain (SWSD) and Reserve Ultimate Heat 
Sink (RUHS) are being modelled and assessed separately from this H1 assessment and 
therefore will not be considered within this report. Similarly, sources of chlorine will also be 
treated as contributing to the overall TRO assessment, and are therefore assessed separately. 

There will be a discharge (348m3/y) from the high chemical impurity waste (HCW) stream which 
will contain radioactive contaminants and is therefore outside of the scope of this assessment. It 
should be noted that under normal operating conditions, the non-radioactive components of 
discharges to the HCW will be treated prior to being discharged to a holding tank for re-use 
within the ABWR. However, should the holding tank be at capacity, a discharge may be made 
to the seal pit, although this will have been treated by the HCW (evaporator and demineraliser 
treatment stages), and so is considered outside of the H1. 

Corrosion of condenser material by the circulating water is expected to be insignificant 
compared to other effluent flows from the Power Station, as pipework materials with a low 
corrosion potential will be selected (e.g. the main condenser will be of titanium construction) 
and consequently levels of corrosion products are expected to be low.  The use of corrosion 
inhibitors (e.g. sodium nitrite) in some of the systems will further reduce the levels of corrosion 
that may occur. Therefore, corrosion and erosion products have not been specifically 
considered in this assessment. 

In addition to the chemical discharges listed in Table 4.1, a number of other discharges will be 
made from the Power Station. These discharges are not expected to contain chemical 
pollutants and therefore are not considered in this assessment, but for reference include: 

• discharge from the fish recovery and return system.  Biocide dosing occurs downstream 
of the return line for the fish recovery and return system.  Therefore, this system will not contain 
biocide; and 

• surface water: the runoff will essentially be free of contamination at the point it is 
discharged to the seal pit as measures such as oil interceptors and sediment traps will 
be utilised. 

Discharges from blowdown of the house boilers, which will include phosphate and hydrazine, 
will be held on site and disposed of separately as only a small volume will be produced each 
day. Therefore, these chemicals will not be discharged via the seal pit and thus are not 
considered in this assessment. 
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4.4.2 Continuous discharges 

Continuous discharges from the Power Station during normal operation are considered in the 
following sections. 

4.4.2.1 Sea water (trade effluent – returned abstracted water) 

The cooling water being returned to the sea will contain a number of chemicals arising from 
operation of the Power Station. Sodium hypochlorite will be dosed into the cooling water system 
at the intake (downstream of the screens) to manage biofouling. Thus it will be present with its 
degradation products in the discharge from the circulating water system, SWSD, RSW and the 
TSW systems.  The dosing location means it will not be present in the fish recovery and return 
system.  

The circulating water system contains metal components (pipework and condensers for 
example), the corrosion or erosion of which would result in an addition of metal to the cooling 
water flow. However, as outlined in Section 4.4.1, it is expected that these would be insignificant 
compared to other sources.  Therefore, products of corrosion or erosion are not considered 
further in this assessment. Scale washings (i.e. the removal (washing out) of scale deposits) 
from the inside of the tubes of the steam condenser are not expected to be present in the 
discharge from the circulating water system as a consequence of the seawater flow, the biocide 
dosing and the physical cleaning measures (sponge balls).   

4.4.3 Batch discharges 

4.4.3.1 Potable water (trade effluent) 

The seawater (swapped for potable water) side of the RSW heat exchanger will be drained 
down on a weekly basis, producing a weekly batch discharge of 79m3 (per Unit) of trade effluent 
to the seal pit. The seawater side of the TSW heat exchanger will be drained down every three 
months, producing a batch discharge of 39m3 (per Unit) of trade effluent to the seal pit.  

The make-up water treatment plant (MUWTP) will convert potable water to demineralised water 
required by the Power Station. The maximum demand for demineralised water from the Power 
Station will be 900m3/d. For each 100m3, a volume of 10m3 of effluent is assumed to be 
produced, as a result of the regeneration of the ion exchange columns. The discharge will 
contain the chemicals found in potable water at ten times the usual concentration as well as 
sodium hydroxide and sulphuric acid (used as the regeneration chemicals).  



 
Appendix D13-11 H1 screening of the Wylfa Newydd Cooling 
Water Discharge  

DCRM Reference No Revision:            1.0 
WN034-JAC-PAC-REP-00154 Issue date:         15/03/2018 

 

Page 12 of 46 

Table 4-1 Expected chemical discharges from the Power Station during operation.  

CHEMICAL 
DISCHARGE SYSTEM DISCHARGE 

POINT 
CONTINUOUS OR 
BATCH DISCHARGE

MAXIMUM 
DISCHARGE 
VOLUME PER 
ABWR UNIT 

DISCHARGE 
VOLUME FOR 
BOTH ABWR 
UNITS* 

CONCENTRATION NOTES 

Sodium 
hypochlorite 
(TRO) 

CW 

Sea (cooling 
water outfall) 
via seal pit 

Continuous  369,600m3/h TRO 0.1mg/l TRO is being modelled 
separately outside of 
the H1 assessment, 
therefore it is not 
considered further 
here. TRO generated 
from any chlorine 
dioxide dosing will be 
within the 0.1mg/l 
discharge of this 
chemical from the 
cooling water outfall, 
and will not affect this 
overall concentration.   

TSW Continuous  14,800m3/h TRO 0.1mg/l 

RSW Continuous  18,000m3/h TRO 0.1mg/l 

SWSD Batch 240m3/d 480m3/d TRO 0.1mg/l 

RUHS Batch No data No data TRO 0.1mg/l  

Chemicals 
present in 
potable 
water 

TSW 
Sea (cooling 
water outfall) 
via seal pit 

Batch 
39m3 every 
three 
months 

78m3 every 
three months 

Various 
See H1 Assessment 
spreadsheet. 

Chemicals present in 
potable water at 10x 
normal concentration 

RSW 
Sea (cooling 
water outfall) 
via seal pit 

Batch 79m3 per 
week 

158m3 per 
week  

MUWTP Sea (cooling 
water outfall) Batch 45m3/d 90m3/d  
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CHEMICAL 
DISCHARGE SYSTEM DISCHARGE 

POINT 
CONTINUOUS OR 
BATCH DISCHARGE

MAXIMUM 
DISCHARGE 
VOLUME PER 
ABWR UNIT 

DISCHARGE 
VOLUME FOR 
BOTH ABWR 
UNITS* 

CONCENTRATION NOTES 

 

 

via seal pit  

Sodium 
hydroxide 

Sea (cooling 
water outfall) 
via seal pit 

Batch 1 te/d 
Regeneration 
chemicals 

Sulphuric 
acid 

Sea (cooling 
water outfall) 
via seal pit 

Batch 0.5 te/d 

Chlorine 
dioxide 

RUHS 
Sea (cooling 
water outfall) 
via seal pit  

Batch No data No data No data 
Volume of discharge 
from the RUHS is not 
known 

Chemicals 
present in 
demineralise
d water 

Controlled area 
drain (CAD) 

Sea (cooling 
water outfall) 
via seal pit 

Batch 2.7m3/d 5.4m3/d   

Non-radioactive 
storm drain 
(NSD) 

Sea (cooling 
water outfall) 
via seal pit 

Batch 24m3/d 48m3/d   

* Please note that the discharge volumes presented here for the Circulating Water, RSW and TSW systems are those occurring at low tide (LAT) and are therefore the minimum discharge volumes 
for these three discharges.  These volumes are used in the H1 assessment as they present a worst case in terms of the lowest volume of cooling water in which dilution of the process effluents will 
occur.  The other discharge volumes presented in this column are maximum volumes.  The maximum volumes of the process effluents are used to assess the maximum concentrations of the 
individual chemicals present.  The process effluent discharge volumes are not affected by the tide. 
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4.4.3.2 Demineralised water (trade effluent) 

The trade effluent discharges from the NSD arise from the Heating Ventilation and Air 
Conditioning (HVAC) system, Reactor Building Cooling Water (RCW) and Turbine Building 
Cooling Water (TCW) systems, which are discharge supplied by the demineralised water 
supply. The water condensed from the HVAC system (3.1m3/d per Unit) would have no 
corrosion inhibitor or chemical contaminants present.   

During operation, the CAD will receive chemically-contaminated effluent from the non-
radioactive washwater (sourced from potable water) from the active laboratories (0.2 m3/d). For 
the RUHS system, trade effluent from regular cleaning of the open loop for the control of the 
Legionella microorganism will result in a use of chlorine dioxide. The TRO discharge from this 
use of chlorine dioxide will be managed within the proposed 0.1mg/l TRO discharge limit. A 
TRO discharge at 0.1mg/l has been modelled for the Environmental Impact Assessment and 
the biocide discharge from cleaning of the open loop of the RUHS has therefore been 
effectively included within that modelling study.  

4.4.3.3 Sea water (trade effluent) 

The discharge from the SWSD arises from the RSW and TSW systems as a batch discharge to 
the seal pit. The volume discharged from the SWSD is estimated as 24m3/d with a maximum of 
240m3/d per Unit. As the discharge arises from the RSW and TSW systems, the discharge will 
contain sodium hypochlorite (TRO).  

4.5 Maintenance discharges 

The expected maintenance discharges from the Power Station are summarised in Table 4-2. 

 

Table 4-2 Expected chemical discharges from the Power Station during outage.   

CHEMICAL 
DISCHARGE SYSTEM DISCHARGE 

POINT 

CONTINUOUS 
OR BATCH 
DISCHARGE 

MAXIMUM 
DISCHARGE 
VOLUME PER 
ABWR UNIT 

CONCENTRATION 

Sodium nitrite 

NSD 
Sea (cooling 
water outfall) 
via seal pit 

Batch 240m3/d 

500ppm 

CAD 
Sea (cooling 
water outfall) 
via seal pit 

Batch 30m3/d  

Azole 
(benzotriazole) 

NSD 
Sea (cooling 
water outfall) 
via seal pit 

Batch 240m3/d  
3ppm 

CAD 
Sea (cooling 
water outfall) 
via seal pit 

Batch 30m3/d  3ppm 

Sodium 
hypochlorite RUHS Sea (cooling 

water outfall) Batch  50m3/d TRO being 
modelled 
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CHEMICAL 
DISCHARGE 

SYSTEM DISCHARGE 
POINT 

CONTINUOUS 
OR BATCH 
DISCHARGE 

MAXIMUM 
DISCHARGE 
VOLUME PER 
ABWR UNIT 

CONCENTRATION 

(TRO) via seal pit separately to the 
H1 assessment. 
 SWSD 

Sea (cooling 
water outfall) 
via seal pit 

Batch 240m3/d 

Chemicals 
present in 
potable water 

MUWTP 
Sea (cooling 
water outfall) 
via seal pit 

Batch 90m3/d 

There are over 70 
chemical 
constituents at 
varying 
concentrations – 
see H1 
Assessment 
spreadsheet for 
assessment. 

Sodium 
hydroxide MUWTP 

Sea (cooling 
water outfall) 
via seal pit 

Batch 1 te/d 

Concentrations of 
the separate 
constituents of 
sodium hydroxide 
are listed in 
subsequent 
tables 

Chemicals 
present in 
demineralised 
water 

Backup 
building 

Sea (cooling 
water outfall) 
via seal pit 

Batch 1000m3 per 
outage 

Demineralised 
water is sourced 
from potable 
water. The 
potential chemical 
pollutants in the 
potable water 
discharge from 
the MUWTP has 
been assessed 
therefore 
separate 
assessment of 
demineralised 
water from this 
system is not 
necessary. 

Sulphuric acid MUWTP 
Sea (cooling 
water outfall) 
via seal pit 

Batch 0.5 te/d 

Concentrations of 
the separate 
constituents of 
sulphuric listed in 
subsequent 
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CHEMICAL 
DISCHARGE 

SYSTEM DISCHARGE 
POINT 

CONTINUOUS 
OR BATCH 
DISCHARGE 

MAXIMUM 
DISCHARGE 
VOLUME PER 
ABWR UNIT 

CONCENTRATION 

tables 

Sodium 
hypochlorite 
(TRO) 

RSW 
Sea (cooling 
water outfall) 
via seal pit 

Continuous 4500m3/h 

TRO is being 
modelled 
separately to the 
H1 assessment. 
 

4.5.1 Continuous discharges 

The cooling water as trade effluent from the RSW will continue to be discharged during outage. 
The discharge will contain sodium hypochlorite (TRO).  

There are no other continuous discharges during the outage period on each Unit apart from 
surface water runoff which is not considered in this assessment as it is not expected to contain 
any contaminants.  

4.5.2 Batch discharges 

4.5.2.1 Potable water (trade effluent) 

The MUWTP will continue to operate during outage periods, and will produce a volume of 10m3 
of effluent for each 100m3 of demineralised water produced. The discharge will contain the 
chemicals found in potable water at ten times the usual concentration, and will also contain 
sodium hydroxide and sulphuric acid which will be used as regeneration chemicals. 

During outage, a trade effluent batch discharge will be made from the RUHS from the drain 
down of the open loop following operation or maintenance to the seal pit. The discharge will 
contain chlorine dioxide, and as a result will be accounted for within the wider TRO assessment.  

4.5.2.2 Demineralised Water (trade effluent) 

During outage, discharges will be made from the CAD These will include 3.1m3/d of water 
condensed from the HVAC system, and 0.2m3/d washwater from the active laboratories.  
During regular inspection of the closed loop cooling systems during outage (such as the RCW 
and TCW), 30m3/d of water dosed with corrosion inhibitor (sodium nitrite and azole 
(benzotriazole)) will be released.   

Discharge from the NSD (240m3/d) will comprise demineralised water containing the corrosion 
inhibitors sodium nitrite and azole (benzotriazole). 

A batch discharge from the HCW of 58m3 will occur six times per year, giving a total of 348m3/y. 
The discharge will contain radioactive contaminants and therefore is not considered further in 
this assessment.  

During outage, a discharge of 1000m3 will be made from the backup building, comprising 
demineralised water and its associated chemical components.   
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5 Assessment and modelling methodology 
H1 is an assessment of whether the concentration of the expected chemical discharges from 
the Power Station is greater than the EQS (or equivalent value) for that chemical. If the 
expected concentration is less than the EQS, no further assessment is required.  Section 5.1 
describes the EQSs used in the assessment and where an EQS is not available, the alternative 
screening criteria that has been adopted.  

5.1 Environmental Quality Standards 

The predicted surface water discharge from the Power Station has been compared to EQSs 
issued by the Environment Agency [RD3, RD4], where available. However, there are a number 
of chemicals which are expected to be discharged from the Power Station for which a published 
EQS is not available.  

For those chemicals for which an EQS published by the Environment agency is not available, it 
is not possible to assess the significance of these within the discharge in the same way as 
above. In these instances, a value has been taken from ‘H1 Assessment of Chemical 
Discharges from Hinkley Point C on the Marine Environment’ [RD5] where such a figure is 
available. Alternatively, the mean or maximum background level has been used (as applicable), 
or wider literature has been searched to identify screening criteria.  Where possible, PNEC 
values for the marine environment have been adopted, or the lowest ecotoxicology data 
concentration for available aquatic organisms. 

Table 5-1 shows the water quality standards (and sources) used to undertake the H1 
assessment. 
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Table 5-1 Water quality standards used to assess the quality of chemical discharges from Wylfa Newydd Power Station.  

CHEMICAL DISCHARGE AA EQS  
(µg/l ) 

AA EQS 
SOURCE  

MAXIMUM ALLOWABLE 
CONCENTRATION (MAC) 
EQS (µg/l) 

MAC EQS 
SOURCE 

MEAN BACKGROUND 
(WHERE USED IN PLACE OF 
AA EQS) (µg/l) 

MAXIMUM 
BACKGROUND 
(WHERE USED IN 
PLACE OF MAC EQS) 
(µg/l) 

EQS OR OTHER THRESHOLD, FROM 
OTHER SOURCE (µg/l) 

Sulphate     2,590.76 2828  
Sodium     10,214,250 11,375,000  
Nitrite (mg/l NO2)     3.94 14.8  
Nitrate (mg/l NO3)     50 146  
Ammonium       21 [RD7] 
Aluminium       24 [RD8] 
Iron 1,000 [RD3]    271  
Manganese     10 10  
Copper 3.76 [RD3]    2.12  
Phosphorus       14 LC50 marine fish [RD27] 
Fluoride 5,000 [RD3] 15,000 [RD3]    
Arsenic 25 [RD3]    1.81  
Cadmium 0.2 [RD3]    0.09  
Cyanide 1 [RD3] 5 [RD3]    
Chromium 0.6 [RD3] 32 [RD3]    

Mercury   0.07 [RD4]   
PNEC 0.05 plus background 
concentration (=0.055) [RD38] 

Nickel 8.6 [RD4] 34 [RD4]    
Lead 1.3 [RD4] 14 [RD4]    
Antimony       0.0113 [RD9] 
Selenium     0.5 0.5  
Tritium Tritium is a radioactive element and therefore is not considered in this assessment 

Chloride 
    

18,980 
Background typical 
[RD10] 

  

Boron 7,000 [RD3]    5015  
Benzo (a) Pyrene   0.027 [RD4] 0.005   
Tetrachloromethane     0.05 0.05  
Trichloroethene 100 [RD3]    0.05  
Tetrachloroethene 10 [RD4]     10 MAC [RD4] 
        

Bromate       140 PNEC saltwater organisms 
[RD26] 

Benzene 8 [RD4] 50 [RD4]    
1,2 Dichloroethene 10 [RD4]    0.05  
Pesticides        
Aldrin       0.003 [RD11] 
Chlorfenvinphos 0.1 [RD4] 0.03 [RD4]    
Dieldrin       0.003 [RD11] 



 
Appendix D13-13 H1 screening of the Wylfa Newydd Cooling Water Discharge

DCRM Reference No Revision:            1.0 
WN034-JAC-PAC-REP-00154 Issue date:         15/03/2018 

 

Page 19 of 46 

CHEMICAL DISCHARGE AA EQS  
(µg/l ) 

AA EQS 
SOURCE  

MAXIMUM ALLOWABLE 
CONCENTRATION (MAC) 
EQS (µg/l) 

MAC EQS 
SOURCE 

MEAN BACKGROUND 
(WHERE USED IN PLACE OF 
AA EQS) (µg/l) 

MAXIMUM 
BACKGROUND 
(WHERE USED IN 
PLACE OF MAC EQS) 
(µg/l) 

EQS OR OTHER THRESHOLD, FROM 
OTHER SOURCE (µg/l) 

Heptachlor       0.00003 [RD28] 
Heptachlor Epoxide       0.00003 [RD28] 
Parathion       100 [RD29] 
Diazinon 0.01 [RD3] 0.26 [RD3]    
Mecoprop 18 [RD3] 187 [RD3]    

2-4,D 0.3 [RD3] 1.3 (95th percentile) 
[RD3] 

   

Dicamba       0.61 MAC [RD12] 
Simazine 1 [RD4] 4 [RD4]    
Atrazine 0.6 [RD4] 2 [RD4]    
MCPA 80 [RD3] 800 [RD3]    
Trietazine       130 Acute LC50 algae [RD30] 
Propetamphos 0.03 [RD3] 0.1 [RD3]    
Ioxynil 10 [RD3] 100 [RD3]    

Terbutryn       
0.86 Acute LC50 Fish 
[RD13] 

MCPB       1500 [RD14] 
Pentachlorophenol 0.4 [RD4] 1 [RD4]    
2,4,5-T       1300 Acute LC50 Fish [RD31] 
Asulam       190 [RD15] 

Glyphosate 196 [RD3] 398 (95th percentile) 
[RD3] 

   

Fenpropimorph 
     

 

0.016 
PNEC aqueous phase organisms. 
[RD16] 

Fenpropidin       
320 Chronic NOEC aquatic 
invertebrates [RD32] 

2,4-DB      
 

1100 acute EC50 algae growth 
[RD33] 

Propachlor       1.3 [RD17] 

Benazolin      
 

1000 chronic NOEC algae growth 
[RD34] 

Ethofumesate       800 chronic NOEC fish [RD35] 
Bromoxynil 100 [RD3] 1000 [RD3]    
Dichlorprop       500 acute LC50 fish [RD36] 
Propazine       180 acute EC50 algae growth [RD37] 
Chlorpyrifos 0.03 [RD4] 0.1 [RD4]    
Polycyclic aromatic 
hydrocarbons 

 

Benzo 1,12 perylene   0.00082 [RD4]    
Benzo 3,4 fluoranthene   0.017 [RD4]    
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1 Chronic PNEC AA value from [RD5] 
2 Acute PNEC MAC value from [RD5]

CHEMICAL DISCHARGE AA EQS 
(µg/l ) 

AA EQS 
SOURCE 

MAXIMUM ALLOWABLE 
CONCENTRATION (MAC) 
EQS (µg/l) 

MAC EQS 
SOURCE 

MEAN BACKGROUND 
(WHERE USED IN PLACE OF 
AA EQS) (µg/l) 

MAXIMUM 
BACKGROUND 
(WHERE USED IN 
PLACE OF MAC EQS) 
(µg/l) 

EQS OR OTHER THRESHOLD, FROM 
OTHER SOURCE (µg/l) 

Benzo 11,12 fluoranthene 0.017 [RD4]
Indeno 1,2,3-cd pyrene 0.00017 (PAH) [RD4] 
Trihalomethanes 
Trichloromethane 2.5 [RD4] 34 MAC [RD18]
Dichlorobromomethane 24 [RD18]

Tribromomethane 
5 AA [RD19] 
6 MAC [RD19] 

Dibromochloromethane 0.63 [RD25]
Total Organic Carbon 5130 11,500
Chlorine Free (MGL) 10 (95th percentile) [RD3] 0.04 [RD39] 

Total chlorine 

10 (95th percentile 
concentration of total 
residual oxidant) 

[RD3] 0.04 [RD39]

Trihalomethanes 146 [RD20]
Sodium carbonate See below for constituents of sodium carbonate 

Sodium chloride 
5000 
[RD21] 

Sodium sulphate 1109 [RD22]
Ammonia 21 [RD3]
Sodium nitrite 6 [RD23]
Azole (Benzotriazole (BTA)) 19 [RD24]
Zinc 6.8 [RD3] 26.30
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6 Assessment and modelling results 
The first stage of the H1 assessment is to screen out discharges which are deemed to be 
not liable to cause pollution (i.e. the expected concentration does not exceed than the 
published EQS). Where a published EQS is not available from the H1 screening resource 
the discharge concentration has been compared to a surrogate EQS, which is based on 
values such as the average or maximum background concentration (as applicable), PNEC 
value or lowest ecotoxicity concentration, and if the increase is less than 1% of this 
surrogate EQS, then it has been screened out. The sources of each EQS are presented in 
Table 5-1 and published EQSs and surrogate EQSs are differentiated by an asterisk, 
respectively in Table 6-2, Table 6-3, Table 6-6 and Table 6-7. This allows the reader to 
compare whether the concentration in the effluent has screened using the EQS value or the 
EQS plus 1% (for published and surrogate EQSs, respectively).  

For substances that do not have a published EQS, many of the discharge concentrations 
appear to be greater than the mean or maximum background level, but the increase is less 
than 1% of the surrogate EQS. In these cases, ambient water quality is the dominant source 
of the chemical in question.  

The following sections show the results of the assessment and the discharges which can be 
screened out of further assessment. Discharges which cannot be screened out and require 
further investigation are discussed in Section 7.  

6.1 Operational discharges 

6.1.1 Continuous discharges 

The continuous discharges arising during the operational period are listed in Table 6-1, 
along with the reasons why they are not assessed as part of this report. 

Table 6-1 Operational Phase Continuous Discharges 

DISCHARGE REASON FOR EXCLUSION FROM H1 ASSESSMENT 

Hydrazine and phosphate 

Hydrazine and phosphate will be present in the 
discharge from blowdown of the auxiliary boilers. 
However, due to the low volume (<20m3/year) this 
discharge will be held on site and disposed of 
separately and therefore does not form part of the H1 
assessment. 

Sodium hypochlorite (as TRO) 
TRO is being modelled and assessed separately from 
the H1 assessment. 

 

Seawater 
Seawater discharged from the fish recovery and return 
system will not contain any chemical contaminants. 

Demineralised water (from 
potable water) 

Demineralised water is sourced from potable water. The 
potential chemical pollutants in the potable water 
discharge from the MUWTP have been assessed; 
therefore, an assessment of the demineralised water 
discharge is not necessary. 

Surface water There are not expected to be any chemical 
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DISCHARGE REASON FOR EXCLUSION FROM H1 ASSESSMENT 
contaminants in the surface water at the point of 
discharge. 

 

6.1.2 Batch discharges 

Table 6-2 shows that the average operational phase discharges for which there is an EQS or 
surrogate value available, can be screened out of the need for further assessment.  

Table 6-2 Assessment results for average operational phase batch discharges. 
Substances without an asterisk have a published EQS and their concentration is 
compared to this value (2nd column). Substances with an asterisk have a surrogate 
EQS and the concentration is compared to this value plus 1% (4th column). 

CHEMICAL DISCHARGE 
AA EQS (OR 
SURROGATE 
EQS) 

AVERAGE 
CONCENTRATION IN 
THE EFFLUENT 
(µG/L) 

AA EQS 
+1% 

IS 
DISCHARGE 
>EQS OR 
SURROGATE 
EQS*+1%? 

Sulphate* 2,590.76 2,591.57 2,616.67 No 

Nitrite (mg/l NO2)* 3.94 3.94 3.98 No 

Sodium* 10,214,250 10,214,167 10,316,393 No 

Nitrate (mg/l NO3)* 50.00 50.23 50.50 No 

Ammonium* 21.00 0.001 21.21 No 

Aluminium* 24.00 0.003 24.24 No 

Iron 1,000 50 1,010 No 

Manganese* 10.00 10.00 10.10 No 

Copper 3.76 0.70 3.80 No 

Phosphorus* 14.00 0.001 14.14 No 

Fluoride 5,000.00 0.00 5,050.00 No 

Arsenic 25.00 1.54 25.25 No 

Cadmium 0.20 0.02 0.20 No 

Cyanide 1.00 0.003 1.01 No 

Chromium 0.60 0.41 0.61 No 

Mercury* 0.055 0.005 0.056 No 

Nickel 8.60 0.51 8.69 No 
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CHEMICAL DISCHARGE 
AA EQS (OR 
SURROGATE 
EQS) 

AVERAGE 
CONCENTRATION IN 
THE EFFLUENT 
(µG/L)

AA EQS 
+1% 

IS 
DISCHARGE 
>EQS OR 
SURROGATE 

Lead 1.30 0.79 1.31 No 

Antimony* 0.01 0.000004 0.01 No 

Selenium* 0.50 0.50 0.51 No 

Chloride* 18,980.00 18,982.72 19,169.80 No 

Boron 7,000.00 4,746.29 7,070.00 No 

Benzo (a) Pyrene* 0.01 0.005 0.01 No 

Tetrachloromethane* 0.05 0.05 0.05 No 

Trichloroethene 100.00 0.05 101.00 No 

Tetrachloroethene 10.00 0.000040 10.10 No 

Bromate* 140.00 0.0005 141.40 No 

Benzene 8.00 0.000002 8.08 No 

1,2 Dichloroethene 10.00 0.05 10.10 No 

Pesticides 

Aldrin* 0.003 0.0000004 0.00 No 

Chlorofenvinphos 0.10 0.0000006 0.10 No 

Dieldrin* 0.0030 0.0000004 0.00 No 

Heptachlor* 0.00003 0.0000005 0.00 No 

Heptachlor Epoxide* 0.00003 0.0000008 0.00003 No 

Parathion* 100.00 0.0000003 101.00 No 

Diazinon 0.01 0.0000006 0.01 No 

Mecoprop 18.00 0.0000004 18.18 No 

2-4,D 0.30 0.0000005 0.30 No 

Dicamba* 0.61 0.0000009 0.62 No 

Simazine 1.00 0.0000005 1.01 No 

Atrazine 0.60 0.0000006 0.61 No 
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CHEMICAL DISCHARGE 
AA EQS (OR 
SURROGATE 
EQS) 

AVERAGE 
CONCENTRATION IN 
THE EFFLUENT 
(µG/L)

AA EQS 
+1% 

IS 
DISCHARGE 
>EQS OR 
SURROGATE 

MCPA 80.00 0.0000006 80.80 No 

Trietazine* 130.00 0.0000006 131.30 No 

Propetamphos 0.03 0.0000010 0.03 No 

Ioxynil 10.00 0.0000005 10.10 No 

Terbutryn* 0.86 0.0000006 0.87 No 

MCPB* 1,500.00 0.0000005 1,515.00 No 

Pentachlorophenol 0.40 0.01 0.40 No 

2,4,5-T* 1,300.00 0.0000006 1,313.00 No 

Asulam* 190.00 0.0000006 191.90 No 
Glyphosate 196.00 0.0000005 197.96 No 

Fenpropimorph* 0.02 0.0000012 0.02 No 

Fenpropidin* 320.00 0.0000007 323.20 No 

2,4-DB* 1,100.00 0.0000007 1,111.00 No 

Propachlor* 1.30 0.0000007 1.31 No 

Benazolin* 1,000.00 0.0000006 1,010.00 No 

Ethofumesate* 800.00 0.0000008 808.00 No 

Bromoxynil 100.00 0.0000005 101.00 No 

Dichlorprop* 500.00 0.0000005 505.00 No 

Propazine* 180.00 0.0000007 181.80 No 

Chlorpyriphos 0.03 0.0000003 0.03 No 

Polycyclic aromatic hydrocarbons 

Benzo 1,12 perylene* 0.00082000 0.0000002 0.00083 No 

Benzo 3,4 
fluoranthene* 0.0170 0.0000001 0.01717 No 

Benzo 11,12 
fluoranthene* 0.0170 0.0000001 0.01717 No 
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CHEMICAL DISCHARGE 
AA EQS (OR 
SURROGATE 
EQS) 

AVERAGE 
CONCENTRATION IN 
THE EFFLUENT 
(µG/L)

AA EQS 
+1% 

IS 
DISCHARGE 
>EQS OR 
SURROGATE 

Indeno 1,2,3-CD pyrene 0.000170 0.0000003 0.00017 No 

Trihalomethanes  

Trichloromethane 2.50 0.0514250 2.53 No 

Dichlorobromo-
methane* 24.00 0.0013161 24.24 No 

Tribromomethane* 5.00 0.04 5.05 No 

Dibromochloro-
methane 0.63 0.001 0.64 No 

Total Organic Carbon* 5,130.00 5,129.96 5,181.30 No 

Chlorine Free * 0.04 0.00002 0.0404 n/a 

Total chlorine* 0.04 0.00002 0.0404 No 

Trihalomethanes* 146.00 0.004 147.46 No 

Sodium hydroxide See individual constituents of sodium hydroxide 

Sodium carbonate See individual constituents of sodium carbonate 

Sodium chloride* 5,000.00 0.009 5,050.00 No 

Sodium sulphate 1,109.00 0.009 1,120.09 No 

Sulphuric acid See individual constituents of sulphuric acid 

Ammonia 21.00 0.0002 21.21 No 

Zinc 6.80 6.2125 6.87 No 

The discharge from the controlled area drain is expected to have the chemical parameters 
stated in Table 6-3 of which COD and TSS screen out.  
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Table 6-3 Assessment results for maximum operational phase batch discharges. 
Substances without an asterisk have a published EQS and their concentration is 
compared to this value (2nd column). Substances with an asterisk have a surrogate 
EQS and the concentration is compared to this value plus 1% (4th column). 

CHEMICAL DISCHARGE 

MAC EQS 
(OR 
SURROGATE 
EQS) 

MAXIMUM 
CONCENTRATION 
IN THE EFFLUENT 
(µG/L) 

 
MAC EQS 
+1% 

IS DISCHARGE 
>EQS OR 
SURROGATE 
EQS+1%? 

Sulphate* 2828 2828.8971 2856.28 No 

Nitrite (mg/l NO2)* 14.8 14.8013 14.948 No 

Sodium* 11,375,000 11,374,896.42 11,488,750 No 

Nitrate (mg/l NO3)* 146 146.2571 147.46 No 

Ammonium* 21 0.0009 21.21 No 

Aluminium* 24 0.0033 24.24 No 

Iron* 271 271.0006 273.71 No 

Manganese* 10 10.0001 10.1 No 

Copper* 2.12 2.1235 2.1412 No 

Phosphorus* 14 0.0011 14.14 No 

Fluoride 15000 0.0032 15150 No 

Arsenic* 1.81 1.8100 1.8281 No 

Cadmium* 0.09 0.09 0.0909 No 

Cyanide 5 0.0027 5.05 No 

Chromium 32 6.8100 32.32 No 

Mercury 0.07 0.0100 0.0707 No 

Nickel 34 0.7800 34.34 No 

Lead 14 2.7000 14.14 No 

Antimony* 0.0113 0.0000050 0.011413 No 

Selenium* 0.5 0.5000035 0.505 No 

Chloride* 18980 3.2052894 19169.8 No 

Boron* 5015 5014.9555775 5065.15 No 

Benzo (a) Pyrene 0.027 0.0050000 0.02727 No 
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CHEMICAL DISCHARGE 

MAC EQS 
(OR 
SURROGATE 
EQS) 

MAXIMUM 
CONCENTRATION 
IN THE EFFLUENT 
(µG/L) 

 
MAC EQS 
+1% 

IS DISCHARGE 
>EQS OR 
SURROGATE 
EQS+1%? 

Tetrachloromethane* 0.05 0.0500241 0.0505 No 

Trichloroethene* 0.05 0.0500022 0.0505 No 

Tetrachloroethene* 10 0.0000442 10.1 No 

Bromate* 140 0.0005092 141.4 No 

Benzene 50 0.0000026 50.5 No 

1,2 Dichloroethene* 0.05 0.0500152 0.0505 No 

Pesticides  

Aldrin* 0.003 0.0000005 0.00303 No 

Chlorofenvinphos 0.03 0.0000007 0.0303 No 

Dieldrin* 0.003 0.0000004 0.00303 No 

Heptachlor* 0.00003 0.0000006 0.0000303 No 

Heptachlor Epoxide* 0.00003 0.0000009 0.0000303 No 

Parathion* 100 0.0000003 101 No 

Diazinon 0.26 0.0000006 0.2626 No 

Mecoprop 187 0.0000004 188.87 No 

2-4,D 1.3 0.0000006 1.313 No 

Dicamba* 0.61 0.0000010 0.6161 No 

Simazine 4 0.0000005 4.04 No 

Atrazine 2 0.0000007 2.02 No 

MCPA 800 0.0000006 808 No 

Trietazine* 130 0.0000006 131.3 No 

Propetamphos 0.1 0.0000011 0.101 No 

Ioxynil 100 0.0000005 101 No 

Terbutryn* 0.86 0.0000007 0.8686 No 

MCPB* 1500 0.0000006 1515 No 

Pentachlorophenol 1 0.0100005 1.01 No 
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CHEMICAL DISCHARGE 

MAC EQS 
(OR 
SURROGATE 
EQS) 

MAXIMUM 
CONCENTRATION 
IN THE EFFLUENT 
(µG/L) 

 
MAC EQS 
+1% 

IS DISCHARGE 
>EQS OR 
SURROGATE 
EQS+1%? 

2,4,5-T* 1300 0.0000006 1313 No 

Asulam* 190 0.0000007 191.9 No 

Glyphosate 398 0.0000006 401.98 No 

Fenpropimorph* 0.016 0.0000014 0.01616 No 

Fenpropidin* 320 0.0000008 323.2 No 
2,4-DB* 1100 0.0000008 1111 No 
Propachlor* 1.3 0.0000007 1.313 No 

Benazolin* 1000 0.0000007 1010 No 
Ethofumesate* 800 0.0000009 808 No 
Bromoxynil 1000 0.0000005 1010 No 
Dichlorprop* 500 0.0000006 505 No 
Propazine* 180 0.0000008 181.8 No 
Chlorpyrifos 0.1 0.0000003 0.101 No 

Polycyclic aromatic hydrocarbons 

Benzo1,12 perylene 0.00082 0.0000002 0.0008 No 

Benzo 3,4 fluoranthene 0.017 0.0000001 0.01717 No 

Benzo 11,12 fluoranthene 0.017 0.0000001 0.01717 No 

Indeno 1,2,3-CD pyrene* 0.00017 0.0000003 0.0001717 No 

Trihalomethanes  

Trichloromethane* 34 0.052 34.34 No 

Dichlorobromo-methane* 24 0.001 24.24 No 

Tribromomethane* 6 0.180 6.06 No 

Dibromochloro-methane* 0.63 0.002 0.6363 No 

Total Organic Carbon* 11500 11500 11615 No 

Chlorine Free (MGL) 10 0.00002 10.1 No 

Total chlorine 10 0.00004 10.1 No 

Trihalomethanes* 146 0.0048 147.46 No 

Sodium hydroxide 
See individual constituents of sodium hydroxide 
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CHEMICAL DISCHARGE 

MAC EQS 
(OR 
SURROGATE 
EQS) 

MAXIMUM 
CONCENTRATION 
IN THE EFFLUENT 
(µG/L) 

 
MAC EQS 
+1% 

IS DISCHARGE 
>EQS OR 
SURROGATE 
EQS+1%? 

Sodium carbonate See individual constituents of sodium carbonate 

Sodium chloride* 5000 0.0102 5050 No 

Sodium sulphate* 1109 0.0102 1120.09 No 

Sulphuric acid See individual constituents of sulphuric acid 

Ammonia* 21.00 0.00 21.21 No 

Zinc* 26.3 26.30 26.563 No 

6.2 Maintenance discharges 

6.2.1 Continuous discharges 
Table 6-4 Assessment results for average maintenance phase continuous discharges 

CHEMICAL 
DISCHARGE 

AA EQS (OR 
SURROGATE EQS) 

MAXIMUM 
CONCENTRATION 
IN EFFLUENT 
(µg/l) 

AA EQS + 
1 % 

IS 
DISCHARG
E >1% 
INCREASE 
ON EQS? 

IS 
DISCHARGE 
>EQS OR 
SURROGATE 
EQS +1% 

There are no continuous discharges during the maintenance phase (with the 
exception of surface water discharge which is not included in this assessment – see 
section 5.1 and TRO from the TSW and RSW which is also not included in this 
assessment) 
 

Table 6-5 Assessment results for maximum maintenance phase continuous 
discharges 

CHEMICAL 
DISCHARGE 

MAC EQS 
(OR 
SURROGATE 
EQS) 

MAXIMUM 
CONCENTRATION 
IN EFFLUENT (µg/l)

MAC EQS 
+ 1 % 

IS 
DISCHARGE 
>1% 
INCREASE 
ON EQS? 

IS 
DISCHARGE 
>EQS OR 
SURROGATE 
EQS +1% 

There are no continuous discharges during the maintenance phase (with the 
exception of surface water discharge which is not included in this assessment – see 
section 5.1 and TRO from the TSW and RSW which is also not included in this 
assessment) 
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6.2.2 Batch discharges 

Table 6-6 lists the batch discharges which will be released during the outage period. As only 
one Unit will be on outage at a time, and the other Unit will be operating, the total discharge 
to the seal pit will be made up of the operational discharges of one Unit, plus the outage 
discharges of the other Unit. The values listed in Table 6-6 are therefore the total values 
which will be discharged from the Power Station as a whole during outage. There will be one 
MUWTP serving both Units, and this will continue to operate throughout the outage period, 
to serve the operating Unit and the one in outage.  

Sodium nitrite cannot be screened out as it exceeds the EQS equivalent for both AA and 
maximum discharges. During an outage, sodium nitrite will be present in the discharge from 
the NSD and CAD where it will be used as a corrosion inhibitor. There are no background 
data available for sodium nitrite so it is not possible to compare the expected discharge to 
the ambient concentration. Therefore, the potential impact on sodium nitrite in the discharge 
from the Power Station has been assessed further.  

 

Table 6-6 Assessment results for average maintenance phase batch discharges 

CHEMICAL DISCHARGE 
AA EQS (OR 
EQUIVALENT) 

AVERAGE 
CONCENTRATION 
IN THE EFFLUENT 
(µG/L) 

AA EQS 
+1% 

IS 
DISCHARGE 
>EQS OR 
SURROGATE 
EQS+1%? 

Sodium nitrite* 6.00 24.801 6.06 Yes 

Azole (Benzotriazole 
(BTA))* 19.00 0.149 19.19 No 

Sulphate* 2591 2592 2617 No 

Nitrite (mg/l NO2)* 3.94 3.94 3.98 No 

Sodium* 10214250 10214083 10316393 No 

Nitrate (mg/l NO3)* 50.00 50.46 50.50 No 

Ammonium* 21.00 0.0016 21.21 No 

Aluminium* 24.00 0.01 24.24 No 

Iron 1000.00 50.00 1010.00 No 

Manganese* 10.00 10.00 10.10 No 

Copper 3.76 0.71 3.80 No 

Phosphorus* 14.00 0.002 14.14 No 
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CHEMICAL DISCHARGE 
AA EQS (OR 
EQUIVALENT) 

AVERAGE 
CONCENTRATION 
IN THE EFFLUENT 
(µG/L) 

AA EQS 
+1% 

IS 
DISCHARGE 
>EQS OR 
SURROGATE 
EQS+1%? 

Fluoride 5000.00 0.01 5050.00 No 

Arsenic 25.00 1.54 25.25 No 

Cadmium 0.20 0.02 0.20 No 

Cyanide 1.00 0.003 1.01 No 

Chromium 0.60 0.41 0.61 No 

Mercury* 0.06 0.01 0.06 No 

Nickel 8.60 0.51 8.69 No 

Lead 1.30 0.79 1.31 No 

Antimony* 0.01 0.00001 0.01 No 

Selenium* 0.50 0.50 0.51 No 

Chloride* 18980.00 18985.44 19169.80 No 

Boron 7000.00 4746.25 7070.00 No 

Benzo (a) Pyrene* 0.01 0.005 0.01 No 

Tetrachloromethane* 0.05 0.05 0.05 No 

Trichloroethene 100.00 0.05 101.00 No 

Tetrachloroethene 10.00 0.00008 10.10 No 

Bromate* 140.00 0.00052 141.40 No 

Benzene 8.00 0.000005 8.08 No 

1,2 Dichloroethene 10.00 0.05 10.10 No 

Pesticides 

Aldrin* 0.003 0.0000009 0.003 No 

Chlorofenvinphos 0.100 0.0000012 0.101 No 
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CHEMICAL DISCHARGE 
AA EQS (OR 
EQUIVALENT) 

AVERAGE 
CONCENTRATION 
IN THE EFFLUENT 
(µG/L) 

AA EQS 
+1% 

IS 
DISCHARGE 
>EQS OR 
SURROGATE 
EQS+1%? 

Dieldrin* 0.003 0.000001 0.003 No 

Heptachlor* 0.00003 0.000001 0.00003 No 

Heptachlor Epoxide* 0.00003 0.000002 0.00003 No 

Parathion* 100.00 0.000001 101.00 No 

Diazinon 0.01 0.000001 0.01 No 

Mecoprop 18.00 0.000001 18.18 No 

2-4,D 0.30 0.000001 0.30 No 

Dicamba* 0.61 0.000002 0.62 No 

Simazine 1.00 0.000001 1.01 No 

Atrazine 0.60 0.000001 0.61 No 

MCPA 80.00 0.000001 80.80 No 

Trietazine* 130.00 0.000001 131.30 No 

Propetamphos 0.03 0.000002 0.03 No 

Ioxynil 10.00 0.000001 10.10 No 

Terbutryn* 0.86 0.000001 0.87 No 

MCPB* 1500.00 0.000001 1515.00 No 

Pentachlorophenol 0.40 0.01 0.40 No 

2,4,5-T* 1300.00 0.000001 1313.00 No 

Asulam* 190.00 0.000001 191.90 No 

Glyphosate 196.00 0.000001 197.96 No 

Fenpropimorph* 0.02 0.000002 0.02 No 

Fenpropidin* 320.00 0.000001 323.20 No 



 
Appendix D13-11 H1 screening of the 
Wylfa Newydd Cooling Water Discharge 

DCRM Reference No Revision:            1.0 
WN034-JAC-PAC-REP-00154 Issue date:         15/03/2018 

 

Page 33 of 46 

CHEMICAL DISCHARGE 
AA EQS (OR 
EQUIVALENT) 

AVERAGE 
CONCENTRATION 
IN THE EFFLUENT 
(µG/L) 

AA EQS 
+1% 

IS 
DISCHARGE 
>EQS OR 
SURROGATE 
EQS+1%? 

2,4-DB* 1100.00 0.000001 1111.00 No 

Propachlor* 1.30 0.000001 1.31 No 

Benazolin* 1000.00 0.000001 1010.00 No 

Ethofumesate* 800.00 0.000002 808.00 No 

Bromoxynil 100.00 0.000001 101.00 No 

Dichlorprop* 500.00 0.000001 505.00 No 

Propazine* 180.00 0.000001 181.80 No 

Chlorpyriphos 0.03 0.000001 0.03 No 

Polycyclic aromatic hydrocarbons 

Benzo 1,12 perylene* 0.0008200 0.0000004 0.0008282 No 

Benzo 3,4 fluoranthene* 0.0170000 0.0000002 0.0171700 No 

Benzo 11,12 
fluoranthene* 0.0170000 0.0000003 0.0171700 No 

Indeno 1,2,3-CD pyrene 0.0001700 0.0000006 0.0001717 No 

Trihalomethanes 

Trichloromethane 2.50 0.05 2.53 No 

Dichlorobromo-
methane* 24.00 0.0026 24.24 No 

Tribromomethane* 5.00 0.04 5.05 No 

Dibromochloro-methane 0.63 0.0027 0.64 No 

Total Organic Carbon* 5130.00 5129.92 5181.30 No 

Chlorine Free * 0.04 0.000043 0.04 No 
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CHEMICAL DISCHARGE 
AA EQS (OR 
EQUIVALENT) 

AVERAGE 
CONCENTRATION 
IN THE EFFLUENT 
(µG/L) 

AA EQS 
+1% 

IS 
DISCHARGE 
>EQS OR 
SURROGATE 
EQS+1%? 

Total chlorine* 0.04 0.000069 0.04 No 

Trihalomethanes* 146.00 0.00866 147.46 No 

Sodium hydroxide See individual constituents of sodium hydroxide 

Sodium carbonate See individual constituents of sodium carbonate 

Sodium chloride* 5000.00 0.02 5050.00 No 

Sodium sulphate 1109.00 0.02 1120.09 No 

Sulphuric acid See individual constituents of sulphuric acid 

Ammonia 21.00 0.0005 21.21 No 

Zinc 6.80 6.21 6.87 No 

 

Table 6-7 details the maximum discharge flows for maintenance phase batch discharges. 
The maximum maintenance phase discharge of sodium nitrite arising from the CAD and 
NSW is expected to exceed the EQS equivalent value and therefore has required further 
assessment.  

 

Table 6-7 Assessment results for maximum maintenance phase batch discharges  

CHEMICAL DISCHARGE MAC EQS 
(OR 
EQUIVALENT) 

MAXIMUM 
CONCENTRATION 
IN THE EFFLUENT 
(µG/L) 

MAC EQS 
+1% 

IS 
DISCHARGE 
>EQS OR 
SURROGATE 
EQS+1%? 

Sodium nitrite* 6.00 27.654 6.06 Yes 

Azole (Benzotriazole 
(BTA))* 19.00 0.166 19.19 No 

Sulphate* 2591 2592 2617 No 

Nitrite (mg/l NO2)* 3.94 3.94 3.98 No 
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CHEMICAL DISCHARGE MAC EQS 
(OR 
EQUIVALENT) 

MAXIMUM 
CONCENTRATION 
IN THE EFFLUENT 
(µG/L) 

MAC EQS 
+1% 

IS 
DISCHARGE 
>EQS OR 
SURROGATE 
EQS+1%? 

Sodium* 10214250 10214083 10316393 No 

Nitrate (mg/l NO3)* 50.00 50.46 50.50 No 

Ammonium* 21.00 0.0016 21.21 No 

Aluminium* 24.00 0.01 24.24 No 

Iron 1000.00 50.00 1010.00 No 

Manganese* 10.00 10.00 10.10 No 

Copper 3.76 0.71 3.80 No 

Phosphorus* 14.00 0.002 14.14 No 

Fluoride 5000.00 0.01 5050.00 No 

Arsenic 25.00 1.54 25.25 No 

Cadmium 0.20 0.02 0.20 No 

Cyanide 1.00 0.003 1.01 No 

Chromium 0.60 0.41 0.61 No 

Mercury* 0.06 0.01 0.06 No 

Nickel 8.60 0.51 8.69 No 

Lead 1.30 0.79 1.31 No 

Antimony* 0.01 0.00001 0.01 No 

Selenium* 0.50 0.50 0.51 No 

Chloride* 18980.00 18985.44 19169.80 No 

Boron 7000.00 4746.25 7070.00 No 

Benzo (a) Pyrene* 0.01 0.005 0.01 No 

Tetrachloromethane* 0.05 0.05 0.05 No 
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CHEMICAL DISCHARGE MAC EQS 
(OR 
EQUIVALENT) 

MAXIMUM 
CONCENTRATION 
IN THE EFFLUENT 
(µG/L) 

MAC EQS 
+1% 

IS 
DISCHARGE 
>EQS OR 
SURROGATE 
EQS+1%? 

Trichloroethene 100.00 0.05 101.00 No 

Tetrachloroethene 10.00 0.00008 10.10 No 

Bromate* 140.00 0.00052 141.40 No 

Benzene 8.00 0.000005 8.08 No 

1,2 Dichloroethene 10.00 0.05 10.10 No 

Pesticides 

Aldrin* 0.003 0.0000009 0.003 No 

Chlorofenvinphos 0.100 0.0000012 0.101 No 

Dieldrin* 0.003 0.000001 0.003 No 

Heptachlor* 0.00003 0.000001 0.00003 No 

Heptachlor Epoxide* 0.00003 0.000002 0.00003 No 

Parathion* 100.00 0.000001 101.00 No 

Diazinon 0.01 0.000001 0.01 No 

Mecoprop 18.00 0.000001 18.18 No 

2-4,D 0.30 0.000001 0.30 No 

Dicamba* 0.61 0.000002 0.62 No 

Simazine 1.00 0.000001 1.01 No 

Atrazine 0.60 0.000001 0.61 No 

MCPA 80.00 0.000001 80.80 No 

Trietazine* 130.00 0.000001 131.30 No 

Propetamphos 0.03 0.000002 0.03 No 

Ioxynil 10.00 0.000001 10.10 No 
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CHEMICAL DISCHARGE MAC EQS 
(OR 
EQUIVALENT) 

MAXIMUM 
CONCENTRATION 
IN THE EFFLUENT 
(µG/L) 

MAC EQS 
+1% 

IS 
DISCHARGE 
>EQS OR 
SURROGATE 
EQS+1%? 

Terbutryn* 0.86 0.000001 0.87 No 

MCPB* 1500.00 0.000001 1515.00 No 

Pentachlorophenol 0.40 0.01 0.40 No 

2,4,5-T* 1300.00 0.000001 1313.00 No 

Asulam* 190.00 0.000001 191.90 No 

Glyphosate 196.00 0.000001 197.96 No 

Fenpropimorph* 0.02 0.000002 0.02 No 

Fenpropidin* 320.00 0.000001 323.20 No 

2,4-DB* 1100.00 0.000001 1111.00 No 

Propachlor* 1.30 0.000001 1.31 No 

Benazolin* 1000.00 0.000001 1010.00 No 

Ethofumesate* 800.00 0.000002 808.00 No 

Bromoxynil 100.00 0.000001 101.00 No 

Dichlorprop* 500.00 0.000001 505.00 No 

Propazine* 180.00 0.000001 181.80 No 

Chlorpyriphos 0.03 0.000001 0.03 No 

Polycyclic aromatic hydrocarbons 

Benzo 1,12 perylene* 0.0008200 0.0000004 0.0008282 No 

Benzo 3,4 
fluoranthene* 0.0170000 0.0000002 0.0171700 No 

Benzo 11,12 
fluoranthene* 0.0170000 0.0000003 0.0171700 No 

Indeno 1,2,3-CD pyrene 0.0001700 0.0000006 0.0001717 No 
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CHEMICAL DISCHARGE MAC EQS 
(OR 
EQUIVALENT) 

MAXIMUM 
CONCENTRATION 
IN THE EFFLUENT 
(µG/L) 

MAC EQS 
+1% 

IS 
DISCHARGE 
>EQS OR 
SURROGATE 
EQS+1%? 

Trihalomethanes 

Trichloromethane 2.50 0.05 2.53 No 

Dichlorobromo-
methane* 24.00 0.0026 24.24 No 

Tribromomethane* 5.00 0.04 5.05 No 

Dibromochloro-
methane 0.63 0.0027 0.64 No 

Total Organic Carbon* 
5130.00 5129.92 5181.30 No 

Chlorine Free * 0.04 0.000043 0.04 No 

Total chlorine* 0.04 0.000069 0.04 No 

Trihalomethanes* 146.00 0.00866 147.46 No 

Sodium hydroxide See individual constituents of sodium hydroxide 

Sodium carbonate See individual constituents of sodium carbonate 

Sodium chloride* 5000.00 0.02 5050.00 No 

Sodium sulphate 1109.00 0.02 1120.09 No 

Sulphuric acid See individual constituents of sulphuric acid 

Ammonia 21.00 0.0005 21.21 No 

Zinc 6.80 6.21 6.87 No 
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7 H1 Assessment summary further assessment 
Of all of the chemical discharges expected to arise from the Power Station, only sodium 
nitrite was not immediately screened out of the need for further assessment: 

 
• Sodium nitrite will be used as a corrosion inhibitor in closed loop systems such as the 

RCW and TCW systems and will be dosed at a maximum concentration of 500ppm. 
Sodium nitrite will be present in the maintenance batch discharge from the NSD and CAD 
during outage. The discharge to the NSD and CAD during outage will arise from the drain 
down of the RCW and TCW systems. The discharge from the CAD will be 33.3m3/d and 
the discharge from the NSD will be 240m3/d.   

• Further assessment has been conducted for sodium nitrite, presented in Appendix A.  
• This assessment includes modelling of this chemical in the marine environment, and the 

calculation of sea surface and sea bed mixing zones.  
• The assessment identified that the modelling presented would be worst case as this 

would be from a discrete discharge and only occur over a matter of a few days during an 
outage. Furthermore, sodium nitrite would be rapidly converted to sodium nitrate in the 
marine environment.  
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Appendix A  

Sodium nitrite discharge modelling (an intermittent batch discharge 
during outages) 

Sodium nitrite is used within the closed loop cooling water system as a corrosion inhibitor. 
There would be no discharge of sodium nitrite under normal operations, only during 
maintenance outages when the closed loop system would be drawn down as a batch 
discharge for release via the main cooling water discharge. 

Average and maximum sodium nitrite concentrations would only exceed the PNEC (6µg/l in 
marine waters) during maintenance outages when the closed loop system is drawn down. 
The maximum concentration at point of discharge would be 24.8 µg/l. 

As the closed loop system will contain a relatively small volume of water, the batch 
discharges would be discrete and only occur over a matter of a few days during an outage. 
At this time, the volume and pattern of release from the closed loop system have yet to be 
determined. As such, the modelling output presented in this sections represents a situation 
where sodium nitrite is represented as a constant daily release into the marine environment 
over a prolonged period (spring-neap- spring tidal sequence), to a point where the resulting 
plume has effectively reached a steady state. Consequently, the results presented in this 
section represent a worst case. 

As sodium nitrite would be rapidly converted to sodium nitrate in the marine environment, a 
PNEC for sodium nitrate is also relevant here and equates to 45 µg/l1 . The concentrations in 
the maintenance discharges would subsequently screen out relative to this. 

The areas of sodium nitrite concentrations exceeding the PNEC equate to the following at 
the surface and bed:  

Area exceeding PNEC at the bed (summer base 
case, to the nearest Ha) 

Area exceeding PNEC at the surface (summer 
base case, to the nearest Ha) 

1  47 

 

Figures 1 and 2 demonstrate this on a spatial scale. It can be seen that the plume does not 
extend towards the neighbouring Cemaes or Cemlyn Bays. 

The large difference between the two areas can be seen to be a function of the buoyant 
cooling water plume and demonstrates that in practice on a vertical scale, areas of 
exceedance would be a small proportion of the overall water depth. 

 

In summary, the modelled output represents a worst case estimate as: 

• Under likely outage conditions, the sodium nitrite concentrations would only exceed the 
PNEC during short term (i.e. of a few days’ duration), discrete closed loop draw down 

                                                 
1 http://www.askimya.net/lib/images/urunler/7822_sarimsi‐beyaz‐kristal_msds.pdf 
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discharges, on an annual scale, rather than as a continuous daily discharge over longer 
term periods (as presented in the modelling output);  

• areas of PNEC exceedance during an outage would be a very small proportion of the 
overall water volume; and 

• the sodium nitrite discharge will not behave conservatively (it will be subject to decay) and 
will be converted to sodium nitrate in the receiving waters. Therefore, the concentration 
will not exceed the PNEC of sodium nitrate. 
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CONTACT US: 
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