
London Array Phase 1 Marine Environmental Monitoring Plan   February 2010 

London Array Ltd      16 

 
Figure 3 Proposed pre-construction benthic survey array for London Array Phase 1
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The survey approach and following analysis of samples has been determined based on guidance included 
in “Procedural Guideline No. 3-9 – Quantitative sampling of sublittoral sediment biotopes and species using 
remote operated grabs” included in the JNCC Marine Monitoring Handbook (March 2001), and in line with 
standard CEFAS guidelines (‘Guidelines for the conducting of benthic studies at aggregate dredging sites’, 
Boyd et al, 2002).  
 
The benthic and PSA sampling shall be collected using a 0.1m2 Hamon grab, as this equipment is 
appropriate to sample the seabed sediments in this area, comprising coarse gravels and sands.  The 
Hamon grab has a volume of ~12l and is fitted with stainless steel jaws; to allow for sediment chemistry 
sampling should this be required.  The grab will be operated from a suitable vessel licensed for this type of 
work.  A log of sample positions, time, type, water depth and other field notes will be made for later 
reference. 
 
Digital photographs shall be taken of all samples and DGPS derived locations will be provided for all 
sample locations. Visual descriptions of sediment type shall be made at the time of sampling, together with 
estimates of sample volume (as a measure of sampler efficiency). Sample containers shall be clearly 
marked externally with date, sample ID and project name. There shall also be an internal plastic tag 
carrying the same information, marked using a suitable material. 
 
Samples shall be rejected where objects such as stones or shells are suspected to have kept the jaws 
open or where for any other reason loss of finer fractions of the sediment is suspected. Samples shall be 
rejected where depth of sediment is less than 5cm unless the sediment is very hard and/or coarse and it is 
clear that better samples cannot be obtained. Where the first three samples are rejected the site shall be 
moved at least 50m and further attempts made to obtain samples. Samples shall be at least 4 litres in 
volume. 
 
The remaining sediment shall be washed through a 1mm sieve using a low-pressure deck hose (seawater) 
and the residue transferred to a pre-labelled bucket with lid and preserved immediately in buffered formalin, 
to a dilution of approximately 4% w/v.  An additional sample label, including date, sample ID and project 
reference shall be placed inside each sample bucket.  The sample shall subsequently be transferred to a 
laboratory for faunal analysis following completion of the survey.  
 
Note that here is limited grabbing allowed within the areas defined as being reef type structures or showing 
evidence of potential Sabellaria spinulosa, grabbing shall only be undertaken with prior agreement from 
Natural England which may require further images to be provided. Preservation of reef structure and worm 
individuals shall follow the methodology that is written within the benthos infaunal preservation. 
 
In known Sabellaria spinulosa locations where grabbing is agreed with Natural England, a single sample 
shall be taken using the 0.1m2 Hamon grab. If the first attempt is below acceptable volume and contains no 
evidence of Sabellaria spinulosa reef, another attempt to sample at the site will be made. However, if the 
first attempt contains evidence of Sabellaria spinulosa reef (regardless of acceptable volume being 
achieved or not), the site will be abandoned and the sample accepted as a low volume sample in an area 
of reef.  
 
In areas where there is no prior evidence of Sabellaria spinulosa standard grabbing protocol will apply. 
However, if the first attempt is below acceptable volume and contains evidence of Sabellaria spinulosa 
reef, the site will be abandoned and the sample accepted as a low volume sample in an area of reef. The 
sample site will be further investigated using drop-down video to ascertain data on the extent and 
percentage coverage (patchiness) of the reef.  
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For sites which require replicates, if evidence of Sabellaria spinulosa reef is found in the first grab sample, 
the replicate will be moved to the next site in closest proximity. 
 
A field log shall be used to record each sample retrieved (date, time, position) with an initial description of 
sample volume, sediment type and conspicuous fauna made and a photograph taken.  
 
4.1.6 - Sampling for Laboratory Analysis 
A sub-sample (of approximately 0.5l) shall be collected from the well-mixed sediments for sediment 
granulometric analysis. These shall be sealed in strong plastic bags with a label both inside and outside of 
each bag and transferred to a laboratory for analysis.  An additional sub-sample (c100g) shall be taken for 
determination of organic carbon content should this be confirmed as a requirement following discussion 
with regulatory authorities.   
 
PSA/TOC samples shall be taken as a subsample of the faunal sample in each case in line with DTLR 
guidelines for the conduct of benthic studies at aggregate dredging sites. Magnesium chloride solution at 
7% w/v may be used as a relaxant typically for a minimum of two hours before fixation. Fixation will by 
addition of sufficient 10% formalin in seawater to the sample achieve a minimum final formalin 
concentration of 5%. 
 
4.1.7 - Field Survey Methodology – Epibenthic Trawling 
At predefined epibenthic sampling sites of 500m in length, epibenthic trawling shall be carried out using 2m 
beam trawl with 4mm square cod end mesh. Samples shall be preserved in formaldehyde solution and 
taken to laboratory for analyses. The position of the predefined sites may be subject to change based on 
the results of geophysical surveying for Sabellaria spinulosa. 
 
The samples shall be transferred to a pre-labelled bucket with lid and preserved immediately in buffered 
formalin, to a dilution of approximately 4% w/v.  An additional sample label, including date, sample ID and 
project reference shall be placed inside each sample bucket.  The sample shall subsequently be 
transferred to a laboratory for faunal analysis following completion of the survey.  
 
A field log shall be used to record each sample retrieved (date, time, position) with an initial description. 
“Species abundance x sampling stations” matrices referring to collected fish, crustaceans and other 
epifauna in the whole of the London Array area shall be processed using multivariate techniques such as 
cluster analysis and multidimensional scaling (MDS) ordination analysis. Non-metric MDS permits 
summarisation of distances in a smaller number of dimensions than other ordination methods; the same 
technique has been shown to be better at recovering a known structure when the data set contains a large 
number of zero entries    
 
The similarity among samples shall be evaluated through the Bray-Curtis coefficient, after exclusion of the 
species with abundance value of less than 1% (from each sample, in order to minimise the elaboration 
noise.) Data analysis should be carried out using PRIMER.  
 
4.1.8 - Benthos Samples (Infaunal) 
All macrofauna shall subsequently be identified to species wherever possible. A reference collection shall 
be prepared and all faunal samples stored in preservative. This shall follow the DTLR guidelines for 
sampling of benthos for aggregate sampling, i.e. sub-sampling of the faunal grab contents after allowing for 
drainage of excess water but prior to sieving. 
 
The preserved sediment material shall be processed in the laboratory by carefully washing the samples 
with a large volume of tap water through a 1mm sieve. Samples shall be elutriated with water in order to 
float off the smaller, lighter components of the fauna. These shall be retained on a fine mesh sieve 
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(250µm), transferred to a petri dish and all fauna picked out under a binocular zoom microscope. For 
samples with large quantities of retained material, (where time constraints make examination of the whole 
fraction under a microscope unrealistic) material shall be placed in griddled, white trays and sorted by eye 
to remove all remaining fauna.  
 
The faunal samples shall be preserved in 70% IMS for identification, enumeration and specimen coding 
following Howson and Picton (1999 CD Rom Version). Colonial organisms e.g. bryozoans, shall be 
recorded as present (P) and for the purposes of abundance counts shall be allocated a numerical value of 
1.  
 
All samples shall be subsequently retained in methanol for Quality Assurance Audit purposes if required.  
10% of the benthic samples shall be subject to internally QA.  The laboratory undertaking the analysis is a 
participant in the National Marine Biological Analytical Quality Control scheme (NMBAQC), and thereby 
takes part in the UK wide Quality Assurance scheme for this type of analysis. 
 
Sorting of all samples shall be carried out by experienced operatives with low power micro-scopes 
available for use.  A proportion of samples (minimum 10%) (Typically one sample randomly selected from 
each batch of ten recently sorted samples) to be re-sorted by an experienced sorter other than the person 
who carried out the original sorting.  In the case that the number of animals found in the original sorting was 
less than 95% of the total found (sorting plus re-sorting) all of the other samples in the appropriate batch 
sorted by that person would have to be re-sorted.   
 
All identification shall be carried out by experienced marine invertebrate taxonomists using appropriate up 
to date identification guides and papers, appropriate range of stereo and monocular microscopes etc.  
Nomenclature to follow MCS species directory unless more up to date names exist.  A labelled reference 
collection of all taxa found shall be preserved in alcohol. Lab must be NMBQAC certified.  
 
Systems must be in place to ensure correct labelling of all samples throughout the process. If required by 
the client sediment residues to be kept for a period of up to five years in phosphate buffered formalin 
unless a further QC check (for example, resorting by a company different to that doing the original sorting) 
has been carried out and accepted by the client. 
 
4.1.9 - Biomass determination 
 Blotted wet weight biomass shall be obtained for major faunal groups by weighing after external fluid has 
been removed on filter paper. Animals shall be left on the filter paper until no more distinct wet traces can 
be seen. Animals with shells are weighed with shells attached. In the case of bivalves, fluid is drained off 
prior to weighing. Similarly, echinoids are punctured and drained before weighing. Organisms shall be 
weighed to the nearest 0.0001g. Methodology is in accordance with the National Marine Monitoring 
Programme Green Book (NMMP, 2005).  
 
For the purpose of analyses, biomass of benthic communities is expressed as grams (g) of ash-free dry 
weight per grab sample. This shall be estimated by multiplying the blot-ted wet weight in grams of different 
taxonomic groups by a conversion factor specific to each group. 
 
4.2.0 - Particle size analysis (PSA) 
Each sediment sample shall be processed in the laboratory through sieves over the range 64mm to 
0.063mm (Wentworth scale) in accordance with Boyd et al, (2002), to determine the particle size 
composition of the seabed sediments.   
 
The sediment is washed through a 63µm sieve and the retained material oven dried at 80ºC before being 
transferred to the coarsest of a series of stacked sieves. These are placed on an automatic shaker for 15 
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minutes and the contents of each sieve subsequently weighed. Material washing through the 63µm sieve 
shall be collected in pre-weighed beakers, oven dried at 30ºC and weighed as a separate fraction. Where 
samples are found to contain >5% fine sediment material, additional analysis of the fine sediment fraction 
shall be undertaken using a laser diffractor. 
 
For each sampling station the results shall be expressed as cumulative percentage of each particle size 
passing through each sieve size. For the purposes of the report and the statistical analysis to be carried 
out, these percentages are converted to absolute percentage retained on each sieve size. 
 
4.2.1 - Total Organic Carbon (TOC) 
TOC analysis shall be undertaken by a UKAS accredited, or NMBAQC participant laboratory, should a 
requirement for this analysis be agreed with the statutory authorities. 
 
4.2.2 - Proposed Survey Timing 
Initial marine construction works for the London Array offshore wind farm are scheduled for March 2011, 
with works planned until December 2012. Therefore, a pre-construction benthic survey of the site will be 
undertaken in 2010. 
 
4.2.3 - Reporting 
An interpretative technical report, which draws upon the results of the physical and biological analyses, 
shall be produced following the completion of the fieldwork.  The report shall detail fieldwork methodologies 
and present site records\survey events and laboratory (taxonomy and biomass) procedures. For the 
benthic and epibenthic survey, faunal data shall be presented as a species spreadsheet showing species 
presence and abundance expressed as numbers of individuals per sample. 
  
Macroinvertebrate community structure shall be investigated with the use of classification analysis 
(hierarchical agglomerative clustering).  This uses the Bray Curtis similarity coefficient to assess the 
similarity of sites based on the faunal components.  The procedure produces a dendrogram indicating the 
relationships between sites based on the similarity matrix.  This matrix is used to produce a multi-
dimensional scaling (MDS) ordination plot.  Physical variables can be overlain on the MDS ordination plot 
allowing some integration between clusters of sites based on fauna similarity and the physical variables, 
which may be important in determining those clusters.  Full methods for the application of both the 
hierarchical clustering and the MDS analysis are given in Clarke and Warwick (1994).  
 
Assessment of the features of each of the clusters of sites produced during the multivariate analyses may 
be assessed using a variety of community structure measures.  As well as assessing the raw species data, 
a variety of indices may also be calculated, including Magalef’s index of Richness, Pielou’s Evenness 
index, the Shannon-Wiener Diversity index and Simpson’s index of Dominance.  Reference to the 
calculation of these indices can be found in Clarke and Warwick (1994).  Such indices are useful in 
reducing large faunal datasets to a single figure, which may be used in comparison to other sites in 
assessing community structure. 
 
The report shall also describe species presence and abundance recorded using the MNCR10 
methodologies, where applicable.  Colonial species, recorded within the laboratory, shall be given a P (pre-
sent) value.  The report shall highlight significant species and habitats within the context of nature 
conservation.  Where appropriate, reference shall be made to relevant legislation and the known 

 

10 MNCR biotope classification vers. 2004 (DAVID W. CONNOR, JAMES H. ALLEN, NEIL GOLDING, KERRY L. HOWELL, LOUISE 
M. LIEBERKNECHT, KATE O. NORTHEN AND JOHNNY B. REKER (2004) 
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geographical distribution of the feature. Biotopes are to be assigned to maps using the standard MNCR 
colours and be provided in a COWRIE GIS data compatible format. 
 
The report shall as minimum include the following: 
 
Data report 

• Project summary 
• Background information 
• Vessel description, incl. instrumental setup 
• Technical description 

o Navigation 
o Motion sensor 
o Sampling Equipment 

• Equipment calibration 
o Navigation 
o Drop Down Camera 
o Sampling Equipment 

• Fieldwork summary 
• Operation log 
• HSE 
• Data description and processing 

o Epibenthic Beam Trawls  
o Grab Samples 
o Drop Down Video 
o PSA 
o Sediment Chemistry 

• Uncertainties of interpretation 
• Results 

o Benthic and Epibenthic Species Population analysis with Biotope Charts 
o Maps and Biotope Chart of Sabellaria spinulosa reef sites 
o PSA Analysis 
o Sediment Chemistry 

• References 
• Operational report. 

 

4.2.4 - CHARTS 
The report shall as a minimum include the following AutoCAD charts and drawings with: 
 
General layout   1:75000 / A1 
Wind farm, general layout    1:25000 / A1 
Wind farm, detail 1  1:10000 / A1 
Wind farm, detail 2  1:2000 / A3 
Cable route (export), general layout     1:25000 / A1 
Cable route (export and inter-array), detail 1  1:5000 / A1 
Cable route (export and inter-array), soil profiles  1:5000 / A1 (horizontal) 
  1:100 / A1 (vertical) 
At least the following the themes shall be shown: 

• Sabellaria Spinulosa reef 
• Consents boundaries 
• Nautical chart 



London Array Phase 1 – Marine Environmental Monitoring Plan   February 2010 

London Array Ltd   22 

• Biotope overlay 
• Sediment chemistry  
• PSA analysis 

 
Grid lines shall be shown; WGS84 geographical and UTM Zone 31N Cartesian. Vertical datum is LAT. 
 
All charts and drawings shall be delivered as paper prints, PDF files and DWG files. All charts and 
drawings shall be delivered in full paper size and in reduced paper size (A1 reduced to A3; A3 reduced to 
A4). 
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5.1 - Fishery Monitoring Program11 
 
5.1.1 - Need for Survey 
The exact wording within FEPA consent 32945/09/0 that states the requirement to undertake a fishery 
population survey11 is provided below.   
 

Relevant 
FEPA 
Consent 
Clause(s) 

Description 

9.7 The Licence Holder must carry out a programme of sedimentary, hydrological, ben-
thic, ornithological and other monitoring, as outlined in Annex 1 and Annex 2 at-
tached to this Schedule.  The full specification for the monitoring programme will be 
subject to separate written agreement with the Licensing Authority following consul-
tation with CEFAS and Natural England at least four months prior to the proposed 
commencement of the monitoring work. 

9.12 The license holder must produce proposals for a post construction survey12 of 
fish populations in the area of the wind farm, to investigate the potential for the Lon-
don Array offshore wind farm in enhancing or aggregating fish numbers as pro-
posed in the environmental statement. The license holder, shall in drawing up such 
proposals  

Annex 1 
Point 5 

Marine Fish – Thornback Rays are common to the general area surrounding the 
proposed wind farm site. Survey work is therefore required to determine the general 
status (numbers and distribution) of this and other elasmobranch species in the 
vicinity of the London Array offshore wind farm. The results should be presented 
and discussed in combination with the EMF studies described in the following sec-
tion 

 
5.1.2 Introduction 
Given below is the methodology and scheduling for a series of juvenile and adult fish surveys with the 
objective of characterising the fish communities within the area of the London Array Offshore Wind Farm. 
The methodology detailed below reflects the ‘Guidance note for Environmental Impact Assessment in 
Respect of FEPA and CPA Requirements’, Version 2 – June 2004 – section 5.4, and reflects the 
methodologies approved by CEFAS for other similar wind farm developments.   
 
5.1.3 Schedule 
The sampling schedule is as given below: 
 

Gear Pre-construction Post construction Year 1 Post construction Year 2 

 
Novem-
ber2009 

April  
2010 

April  November  April November 

Demersal Otter Trawl       
Scientific Beam Trawl       

 

 

11 Within the London Array FEPA licence, there is no requirement to undertake a pre and during construction fishery 
survey. However London Array have decided to undertake a pre-construction survey as a base line for reference in 
post construction. 
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5.1.4 Vessel 
The vessel to undertake the sampling surveys is the commercial fishing vessel Jubilee Spirit, a 22 
metre Grimsby based trawler with experience of fishing the Southern North Sea area and of 
undertaking similar surveys. 
 
5.1.5 Sampling Equipment 
1 x 2 metre scientific beam trawl with a 5mm cod-end liner, net belly protection and 20cm x 20cm chain mat 
across the net mouth; and Standard commercial otter trawl, fitted with ‘rock-hopper’ ground line and 90-
110mm mesh cod end. 
 
5.1.6 Sampling Locations 
The otter trawl and beam trawl sampling locations are shown on the chart below (Figure 1.0). These have 
been selected avoid potential fasteners, shallow banks and to allow post construction replication. The 2 
metre beam trawl sampling would be undertaken prior to the otter trawl sampling. 
 
N.B. Due to the constraints of tidal depth and HSE restrictions, the sampling sites have been located as 
close as possible to an even distribution across the site. 
 

 
Figure 1.0: Proposed otter trawl and 2 metre beam trawl sampling locations 
 
Control sampling has been located to be within 2 km of the wind farm site boundary 
 
Otter Trawl: Tows of 20 minutes (gear on seabed) duration at a towing speed of 2.5 -3.0 knots over the 
ground; and Two metre Beam Trawl: Tows of 5-7 minutes duration on the seabed, at a speed over the 
ground of 1.0 knot, against the tide, giving a distance towed of 150 -200 metres. 
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5.1.7 - Sample Preservation 
2 metre beam trawl samples preserved in 4% formalin seawater buffered; and Otter trawl samples boxed 
and ices and stored at +2°C. 
 
5.1.8 - Sample Analysis 
The otter trawl samples would be analysed at the CEFAS Laboratory, Lowestoft, as follows: 

• Number by species 
• Sex ratio, samples of principal commercial species 
• Spawning condition by species 
• Length distribution by species 
• Finfish: total individual lengths to cm below 
• Crabs: carapace width 
• Lobsters: carapace length 
• Whelks: shell height 
• Scallops: shell width 

Cephalopods and other bivalves will be recorded and measured where feasible. The 2 metre beam trawl 
samples would be identified and where appropriate length and condition would be recorded. 
 
5.1.9 - Reporting 
A short illustrated report will be produced for each sampling event. This will provide an outline of the 
methodology employed and any problems encountered and consequential on site amendments to the 
methodology, and sub-sampling employed. The results section will provide a detailed field log listing the 
details as per section 5. This section will also include all fish species encountered, the number of each 
species, lengths, sex and maturity of elasmobranch species. Photographs and graphically representations 
using Excel and GIS will be used where appropriate to illustrate this report. For ongoing surveys, the 
discussion section will provide brief comparisons to previous fish sampling events.  
 
The monitoring report will be forwarded to the Licensing Authority within three months of the completion of 
the analyses. London Array will advise the Licensing Authority if circumstances suggest that there will be a 
delay in the submission of the report. 
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6.1 - Review of Electromagnetic Fields 
 
6.1.1 - Need for Survey 
The exact wording within FEPA consent 32945/07/2 that states the requirement to undertake an electro-
magnetic field survey is provided below.   
 

Relevant 
FEPA 
Consent 
Clause(s) 

Description 

Annex 1 – 
Point 6 

The Licence Holder must provide the Licensing Authority with information on at-
tenuation of field strengths associated with the cables, shielding and burial de-
scribed in the Method Statement and relate these to any outputs from the COWRIE 
sponsored studies in the UK. This is to provide reassurance that the cable shielding 
and burial depth(s), given the sediment type, at the site is sufficient to ensure that 
the electromagnetic field generated is negligible. Should this study show that the 
field strengths associated with the cables are sufficient to have a potentially detri-
mental effect on electrosensitive species, further biological monitoring and mitiga-
tion may be required to further investigate the effect. 

 
6.1.2 - Reporting 
In order to satisfy this licence condition, the Licence Holder will prepare a short technical note on 
electromagnetic field effects 4 months before pre-construction has commenced. 
 


