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Appendix B¢ Glossary of Terms

General

C & &z Commerce & Employment Department (States of Guernsey)
CQ ¢ Carbon Dioxide

DP¢ Dynamic Positioning (vessel)

EAPR; Environmental Action Plan

EIA¢ Environmental Impact Assessment

EMF¢ ElectreMagnetic Field

ESc Environmental Statement

FLCx Fisheried.iaisonOfficer

FLOWV, Fisheried.iaison for Offshore Wind and Wet Renewables
GELg Guernsey Electricity Ltd

D | DdcXeenhouse Gasses

GREGE Guernsey Renewable Energy Commission
GREE Guernsey Renewable Energy Forum

MMO ¢ Marine Mammal Observer

MW ¢ MegaWatt (unit of electrical power)

NTS; NonrTechnical Summary

REA¢ Regional Environmental Assessment

RMP¢ Regional Management Plan

SEA Strategic Environmental Assessment

SeaFisly Sea Fisheries Department (States of Guernsey)

SZ ¢ Safety Zong An aea of sea over which an exclusion is applied to all or particular types of vessel
or activity, for reasons of maritime safety
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Chapter7 ¢ Benthic Ecology

BGS British Geological Survey

Biotope- Refers to a specific, uniform set of environmental coodisiin which a particular
assemblageof organisms live

EUNIS European Nature Information System

GBRC Guernsey Biological Records Centre

JNCC Joint Nature Conservation Committee

Marlin - The Maritime Life Information Network

MESH Mapping European Sbad Habitats project

MHWS- Mean high water springs

SeaSearchUK national volunteer scuba diving ecological research programme

UK BAR UK Biodiversity Action Plan
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Chapter 15 Navigation and Shipping

AIS- Automatic Identification SystemAll vessels over 300 gross registered Tonnage are required to
carry AlS equipment which transmits information about the ships and its position and intended
movements to other similarly equipped ships and coastal authorities.

IMO - International MaritimeOrganisation

ITZc Inshore Traffic Zone

GBA¢ Guernsey Boat Owners Association

GCPUA Guernsey Commercial Port Users Association
GFA,DdzZSNyaSeé CAaAaKSNXSyQa ! aaz20AlGA2y
GHAG Guernsey Harbour Authority

GMTAC Guernsey Marine Traders Association

GYQ; Gueansey Yacht Club

MCA- UK Maritime and Coastguard Agency

RCIYG Royal Channel Islands Yacht Club

RNLK Royal National Lifeboat Institution

RY A Royal Yachting Association

TS Traffic Separation Scheme

UKHQ; UK Hydrographic Office

UNCLOS& United Nations Law of the Sea
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Appendix G; Tidal Resource Mapping for the Territorial Waters of Guernsey
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1 Introduction

The Channel Isles has long been recognised as a significant area for tidal current energy and attracts
considerable developer interest. Due to their particular relationship with the UK, the individual island
communities hold ownership of their territorial limits, which allows each island to negotiate the use of
its territorial resources according to its owggstems of governance.

This idiosyncratic situation makes the region attractive for developers as there is the potential for
faster, less complex licensing procedures than currently exist for the UK mainland. The difficulty that is
faced by individual ishd communities, including Guernsey and Sark, is one of knowing where the best
tidal current resource is and how to optimise the licensing procedure, whilst remaining attractive to
incoming investment.

This report details the methodology employed in assesthe Guernsey tidal current resource
location, magnitude, sensitivity to device depth and-tuspeeds, and possible landfall for power
transmission. Some information on Sark is also offered though further work is required to fully detalil
{ I NJ Q&e. NB & 2 dzNJ

The process is based on a completely rewritten and updated version of a software algorithm originally
developed and used to quantify the tidal current resource for the Channel Isles r8gibime(software

is provided with a range of data in numericalgraphical format, depending on the source, and maps

GKS RIFGF G2 GKS FNBIF 2F AyGSNBad 2y | w5 /[ NISa
values are generated for areas where no data is available and the software then employs k centra
differences relaxation method to solve the matrix.

2 Source materials

The full range of source materials férhours to +6 hours relative to St Helier are given in appendices.
Appendix 1: Admiralty tidal stream atld} (
Appendix 2: Admiralty tidal dianmal data

Appendix 3: Local anecdotal tidal vector sketches

Charts
The Channel Isles is a well charted area and considerable detail is available, though much of the

bathymetry is based on very old sounding data. Assuming that the initial work was regsonabl
accurate, the soundings over clean rock can be assumed to be unchanged, but the charts show areas
of mud, sand, gravel etc and these are often mobile, though cyclic in their movements.
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Tidal chart atlas
The tidal chart atlas covers the .area of the Clensies group, but offers little detail at the scale

required. Tidal current vectors are referenced to HW at Dover with corrections given for HW at St
Helier and it is these latter vectors that are used.

Figurel: Excerpt fromAdmiralty Tidal Stream Atlas © 1993



Garmin
Garmin Mapsource ® software offers a digital chart system of the Guernsey area and is an excellent

source of bathymetric data.
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Figure3: Detail of the Big Russell off the southern tip of Herm.



Admiralty Total Tide
The Admiralty TotalTide® software offers a digitised version of the tidal diamond data supplied on

paper charts, in this case referenced to St Hek#gure4 shows the relevant area and the location of
the 13 tidal diamonds used to provide data for this work. Interestingly, there are combinations of
times and locations where the Admiralty tidal stream atlas offers significantly different values #han th
Admiralty TotalTide software package.

Figured: Area of interest from the Admiralty TotalTide® software



Anecdotal sketches
A set of locally produced vector sketches were provided and these introduce a level of detail not

avaibble from official publications covering the tidal currents in this regidgure5 shows the same
time interval agrigurel.

Figure5: Anecdotal sketch of tidal current vectoosind Guernsey

3 Assessment of source material

The level of detil required to give reasonable indications of flows at approximately 50m vertices
challenges the interpretation of the source material. The Admiralty Tidal Stream Atlas is very general

at this scale but can be used to form the foundations of the sensigedlow. The bathymetric data

give reasonable framing of where the best flows are likely to be and the apparent scoured trench off

the SE coast of Guernsey suggests that the flows are, or may have been, aggressive through this area.
This appearance of &2 dzZNER (U NBYy OK A& YAaftSIFIRAYy3IT (GKS RSSLIS
the seabed it relates to at its southern, northern and eastern edges. It is the presence of the Great

Bank that is the anomalous feature.

Bathymetry
As well as dictating théepth of water available for installations, the bathymetry exercises

considerable influence over the quality of the flow. Peaks and troughs will superimpose
multidirectional flows onto the mean flow and may need to be taken into consideration in any
assessient of power quality and equipment service life.
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Figure7: Detall section of main graphic

The bathymetric graphic is generatby hand from over 60 individual map segments and the original
work is a 200MB file, which if printed a full scale would be 2.8m X 2.8m. A small section of the area
between Herm and Guernsey is shown below.

Incorporating the available chart data at thiskcensures that as much data as possible is included in
the final graphic. The graphic is bicubichsempled for subsequent processing by the algorithm, but
still measures 870 x 680 pixels, giving a full scale grid resolution of 44.33m.

Cc7



Figure8: Bathymetric data as read and interpolated by the algorithm

To verify that the algorithm used is generating an acceptable solution, the X;¥rdicates are input

into a CAD programme and the resulting 3D mesh is checked agair2f thathymetry on charts and
other sourcesFigure8 shows the output, vertically exaggerated by 50% to highlight the principal
shapes. The shape ofi€nsey is easily visible along with the smaller islands of Herm and Sark. Of
particular interest is the channel due east of Guernsey, thought to be created by the scouring effects
of the flow between Guernsey and Herm. Additionally, the bathymetry tonttigh west of Guernsey

is clearly very rough, whilst that between Herm and Sark is much flatter.

The present work does not dynamically calculate the water depth above chart datum due to tidal
range, but instead assumes the mriahge point as an average dtidn to chart datum depths.
Admiralty and Chart data indicate this mean should be around 5.4m

Tidal Streams
The official data available do not illustrate the flows around Guernsey in sufficient detail to give any

particular insights into the likely moshergetic locations, other than general indications to the
nearest 510km. The anecdotal sketches show a potentially very important level of detail, but are
roughly drawn and the vectors are not scaled in terms of velocity. It was necessary to establish wh
level of accuracy, if any, can be attributed to these sketches and a method was devised to attempt
this.
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Figure9d: Comparison of sketch vectors with tidal diamond vectors (red)

The sketches cover an area that includes 1thefl3 tidal diamonds used to calculate the flow
vectors, and the hourly intervals noted on the sketches are assumed to refer to St Helier.

By sketching the data from the tidal diamond locations on to the sketch from the appropriate time, the
informationon the sketches is found to have a high level of compatibility with the official data. Of the
144 time/location combinations, only 6 are found to be at any significant level of disagreement in
terms of direction, but there is little help in terms of flowesed.

The most comprehensive result will come from the combination of tidal atlas, tidal diamonds and
anecdotal flow sketches; the difficulty is in combining them into a statistically meaningful whole. Since
the sketches give good agreement directiondtlgan be assumed that they are providing a useful

input, but the challenge is how to use the direction without knowing the speed. The algorithm used to
interpolate the vectors uses X and Y component vectors which require knowledge of both speed and
direction to formulate; otherwise it is a zero vector.

4 Inputs

The algorithm has bedargely rewritten using established text§ {o accommodate the range of data
sources and the type of vector information that can be deduced from them. The anecdotal sketches
are accepted as being directionally consistent with known data at the tidal diamond locations, and the



Admiralty Tidal StrearAtlas (ATSA) can be used to provide directional boundary conditions. However,
at the scale desired, neither can be usefully relied upon to offer velocity magnitude data.

The tidal diamond data is read from a .csv file generated from Admiralty Total Tideuso

chronologically referenced (as is all data used in this report) to HW at St Helier. This data is assumed to
0S WO2NNBOGQ YR NBYlIAya FTAESR (KNRdzAKz2dzi G(KS ¥
the ATSA data are stored as vector comgats assuming that these comprise a unit vector. This

allows the vector direction to be fixed whilst allowing the finite differences approach to vary the vector
magnitude to fit the known data. The resulting 850x650 matrix contains abou208%known dia

(including land). An interpolative approach equiring at least two neighbouring point values, is

taken to establish realistic guess values for the remaining unknown data points. A number of different
computational molecules are used to check fod@amooth out any unrealistic values present.

5 Data generation

A central differences algorithni) (is used to relax the vector mesh across the areas that lack fixed
information. The known velocities provided by tidal diamond data are used to seed the prawes

the directional data are used to maintain flow direction where applicable. The relaxation factor is
adjusted according to the values of the four points around any given point. This adjustment affects the
value of the next iteration. Once the relaxatifactor is minimised and holds a reasonably steady

state, it can be taken that the mesh is fully relaxed and a solution achieved.
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6 Outputs

The outputs are in the form of coloureptaphics with arrows indicating strength and direction of
flows.
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Figure 10: Vector graphic sample

It is easily seen where areas of contra flows and slow flows are present in what might be expected
(from ATSA data) to be a fast moving stream.
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Figure 11 Corresponding AT\ data for Figure 10
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Figurellshows the ATSA vectors suggesting that a strong flow is running southerly through the Little

Russell, apparently being crossed by a weak flow heading east from south Guernsey

A further refirement Figure12) shows the use of colour to differentiate flow velocities, in tidse,

blue denotes flow below 1m/s, red denotes flows over 1m/d &me 13 black vectors denote the tidal

diamond value at that point. This allows for the immediate visual check that the algorithm bears an

appropriate relation to the source data.

R 5 Yl &l R B K

ol
/
I

////////////////////o/}/AI/‘.W
SN NN N NN NN N NN YNNIV,
T 7 SO
////.//////I/Y.J/l/tl.*.../l...r/ffu.l.
NN SN YNNI NN NN NS S S Y ...,..4‘,......././..,..1”/./1.//
/////////Fl:i::.wl‘.c‘.4......//..///
N AN SNNRNRDRES . ..qh”,. - J/ AN NN
TN WY N W N <. S\ v ¥\ XTQ
NN ENNONOINSYN S S ,.J.._"_/ ..,(././ X
BN NN YN YT S l.l(f//
.:f//.l.l/h./////l/ I - (1.1)]#/
S S TR L TR i S TR S NN N NN
//JII.(.‘H.!..MIVNII//u ; ~ l/l./l//l.
g’ S 0. l..r. R 3% P I////,,.,I) - S .11/,7/
Bt il NI NN NS S s N S
s S T . B N M. TR MRS Y =5 ~ A G~ I//ln.‘l /I
,rl lllllllll < g R e
f,v-, llllllllll ~ /;1..,./.!.// ~
S ., Ioll.l.//..fl..
g, Ly TRy PRI
.,. I—JHLIJIIII
Illlll.‘)‘ll (.lu//’f/ln
.HI.AJI ; U, Qs & & Wl o
l,QI-l'l M Y 8 NN YN N
R, RN 4 sfe v w . n u\(s
l,.b..ll . TS, S o, T
s ~ 3 oy /WO L . - .o R
.//Il. ... ----- -~
..m///... g Rl
NN N ; - e T ly
/z/,,/.///a._..m v ’ “ »\\ - =~/
RN N AT N ¢ & g R
O L R ER WAL PR ey
SAN NN NN M RGO e o
NN X WMN A AN Y AR AR chbalf -
NANN AR AN N MR e I gl e
VNN NN AN SN T Y BrAl e
SANANAANANAN ey s Do) dodmt e
N I N N N AL Ry N, e ATl Rl ~
NS AN ST RIKINTS e, e e e e -~~~
//.a///////./ T T T e T St T e S B T Y
L N T T R TR e 2 G VRO i S NN
s

VAR RN P ARV R . g SV RV TAP AP S N P PP S R P P

7 O B NP L BT S T AT NtV L O R R O B 08 B AT B KU 8 ARG T TR R R g i

r O S S ON G N C

{

{

£ 4 48

-

Figurel2 HW-6

The outputs are saved as .BMP files for visual examination and as vector components in .txt files for

further automated analysis. Each 1hour dataset is expanded into 4 x ¥ hour datasets using a

Lagrangian interpolation routine, giving 52 datasets for tBen@urs (approx) of the Spring HW/LW

cycle. The average of the Spring/Neap HW/LW cycles across the area gives a two weekly variation of

Neap tides being, on average, 32% of Spring tides.
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7 Results

The raw results are in the form of .BMP graphics and eegel.txt files and are therefore given in
appendices. The highlights are utilised here for discussion purposes. For ease of classification the
results will be discussed under three main headings;

e Raw Resource
¢ Technological Resource
e Economical Resource

Raw resource
For the purposes of this report the raw resource is defined as any movement of water from which

energy could potentially be taken regardless of whether or not that extraction is technologically or
economically feasible either now or in the fuéu The raw resource pdikn? is given irFigurel3.

Each box represents 1Kand shows the approximate raw annual energy passing through that volume
in GWh per annum. The colour coding shews:

e White- no resource of an significance

e Blueg¢< DGWhlyr, some resource, usually close to land

e Green- < 100GWhlyr, usable but not substantial

¢ Yellow- < 150GWh/yr, substantial though not attractive for early consideration
¢ Red- < 200GWhl/yr, very substantial

e Magenta >200GWhlyr, very large, likely telirst considerations

The raw resource passing through the Big Russell is around 700GWh/yr, which is of the same order of
magnitude, though slightly more pessimistic than the 810GWh/yr given in (1).
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Figurel3 Raw tidaturrent resource in Guernsey's waters
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Technological Resource

The technological resource that resource which can be exploited by existing or wmeady
technologies within the constraints of flow velocities and installation depths applicable.

Assuming that for any device to be considered existing or-nesy, it must have been tested ah
appropriate scale and at sea, then referring to the attached Technology Update file, the following
devices are potentially applicable:

Technology update

Marine Current Turbines max depth-30m

Scotrenewableg buoyant, not depth restricted

Openhydro¢ 30m depth

Verdant Power; 30m depth

Blue Energy Tidal fence support structure, not applicable to Guernsey site
Sea Power Internationgl30m depth

HammerfestStrom turbine, max deptiOm

Clean Current , max deptBOm,

Open Hydro, max dept#b0m

GCK Technology, depth unknown, assume 50m
Devices requiring flow speeds 2m/s >:

Since there are no locations within the Guernsey region that combine a flow velocity >2m/s and
depths of <30m, then only the Scotremable device is applicable out of this selection. The sites
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exploitable by this device are shownHigurel4, and suggest a maximum accessible raw resource of
200GWhly .
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Devices requiring flowspeeds < 2m/s
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Figurel?: Areas likely to be applicable to a Opgairtl orGCK device
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Clearly, the exploitable resource is highly technology sensitive and the sites in the Big Russell are the

only ones available to certain devices, therefore making these sites more competitively valuable. Cut

in speed is more important #n rated speed or rated output, and it is therefore necessary to obtain

¢ max/min installation depths,

e cutiin and rated generation speeds

e power curve

from each developer in order to be able to properly assess the technologically exploitable resource.

Economic Resource

The economic resource will require further developed knowledge of device cost, installation costs,

servicing costs, cabling, feg@attarriffs, etc etc. This work will be available to provide input into that

process.

! owen A, Bryden 1@ novel graphical approach for assessing tidal stream energy flux in the Channel Isles, Journal of Marine

Science and Environment, IMarEST, 2006
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Appendix D¢ REA Assessment Process

Introduction

The following method is to be used to assess the environmental effects of wave and
tidal marine renewable devices. The aims of the proposed method are as follows:

e Make ajudgement on the potential locations of greatest and least effect on
the environment from the installation, operation, maintenance and
decommissioning of devices;

e Assess the potential environmental effects of wave and tidal devices based on
the developmentcenarios;

¢ Provide recommendations for mitigation of the potential effects of the devices
on the environment.

It must be noted that the REA will not address detailed issues related topsitgfic
development. The REA does also not replace the needifgeted studies in relevant
areas to assess the impacts of specific developments.

Review of Similar Methodologies

The method used in the assessment, and outlined below, is not definitive. It is also
expected that there will be modifications and refinemsntrequired to the
procedures during the assessment process. The method has been informed by
reviewing other similar strategic and regional assessments:

A Scottish Marine Renewables SEA;

A Department of Energy and Climate Change: Offshore Energy Strategic
Envionmental Assessment;

A Regional Environmental Assessment: a Framework for the Minerals Section.

Approach to the Guernsey Marine Renewables REA Assessment
The Assessment is split into 3 main strands:

A Development of the assessment method;
A Topic based examples issues for consideration in the assessment;
A Application of the assessment method.
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Development of Assessment Method

The method proposed for assessing the effects of the marine devices involves a
number of stages. It is important to note that the methisdan evolving process.

Each stage will interact with and inform other stages. In some situations there may
be the need for different parts of the assessment to be revisited, for example if new
information is provided.

Assessment Method
The assessment metk has 4 main stages:

Stage 0: Identification and agreement of a common set of impact significance
criteria

Stage 1: Identification of Generic Effects

Stage 2: Assessment of Effect Significance

Stage 3: Assessment Confidence and Monitoring
Stage 0

The am of this part of the assessment is to establish a common set of impact
significance criteria that may be used across all disciplines in the assessment of the
severity of any impacts. This will allow a balanced approach to the comparison of
impacts and mk 31 GA2y YSIF&dNBad C2NJ SEI YLX S5 |
Marine Mammals should be comparable with a similarly graded impact in another
specialist area such as Benthic Ecology, in terms of its overall impact on the colonies

in question. The assessnteariteria will be established at a workshop held with
specialist contributors prior to commencement of the assessment.

Stage 1

The aim of this part of the assessment is to understand the interaction between a
device and a specific topic, e.g. Birds. Thia non geographical assessment and so
the information can be applied to any marine environment.

¢t SOKy2t238 WSy@St21LI5aQ NS (2 06S RS@St
identification of the generic effects. These are to be based upon the generic
characteristics of the marine renewable devices. These envelopes will also allow the

assessment to take account of any future advances in the technologies and will take
account of the entire lifetime of the devices.
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Generic potential impacts of the marine desscwill form the basis of Stage 1 of the
assessment, with more identification of the effects being informed by consultation
with experts and reviews of available research.

Stage 2

This looks at the relationship between the generic effects identified igeSiaand
the marine environment within the study area. The key issues for consideration are:

e Potential effects on REA topic within the study area;

e Identifying the locations of the entities that are affected within the study area;

e Understanding thecharacteristics of the affected entities and how they
interact with the marine environment;

e LRSY(ATFEAYT 6KSGIKSNI YR 9yiGAGe A& wWa

e Assessing the significance of the effects;

e Assessing the likelihood of an effect occurring;

e Identifying mitigation measures that can be used to reduce, avoid or offset
potentially significant impacts.

There are three main types of mitigation that could be applied to the assessment of
the devices:

e Mitigation incorporated into the device and sitinf@development;
e Mitigation based on the implementation of protection measures;
e Recognised mitigation measures

Given that the REA is being undertaken at a still early stage of marine renewable
device development it is very hard to know what measure coeléhborporated into

the design of a device. As well as this, the REA does not know the types of mitigation
measures that would be derived from more detailed assessments, such as a targeted
EIS. As such, these two mitigation methods cannot be used to inf@rassessment

of the significance of an effect.

Recognised mitigation measures include:

A Seasonal Restrictions on device installations (such as the avoidance of breeding
seasons);
A 500m avoidance zones around pipelines and cables.

Given that these measurese recognised by developers and standard approaches to
their application have been developed for a range of developments, these measures
can be used to inform the assessment of the significance of an effect.
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Stage 3

There is a potential risk that thereillvbe insufficient information available to
determine exactly how the devices may affect a given REA topic. The use of the
aforementioned technology envelopes will help to reduce any potential risk of error
and so increase the assessment confidence.

As wdl as the potential unknowns with the devices, the REA is to take into account
potential gaps in baseline data. As the marine environment is, when compared to the
terrestrial environment, relatively inaccessible, the understanding of its
characteristics ath interactions are limited. Most information for marine
environments has either been collected as part of a specific development or study of
interest. Information on the uses of the marine environment, such as navigation or
recreation, is much more detatle

Based on the assessment confidence, monitoring will be suggested to fill in the gaps
with the baseline data and to improve the levels of understanding of the effects of
the marine devices. This part will also identify areas of additional investigttain

can be undertaken to increase the levels of understanding of the way the devices
interact with the marine environment.

Where significant additional datasets become available, such as new work on the
effect of marine devices on collisions or ttistribution of fish, the REA could revisit
and reassess the potential effects.

Examples of TopiBased Issues for Consideration in the Assessment

The second part of the assessment method is the identification of topic based issues.
Below is a list of exapte issues, which are not definitive and may be subject to
refinement as the assessment process evolves.

Geology and Sediment Transition

The assessment of effects of wave and tidal devices on marine processes and geology
is complex. The assessment of effsignificance will be based on 4 points, the scale

of the effect, effects on the sediment process, changes in levels of sediment
suspension and site vulnerability.

Where possible, any arrays where the REA finds that energy regimes will be adversely
affeded, due to siting of devices, will be mapped and considered in the assessment
of development scenarios.

It is the indirect effects that changes in sediment regimes, amongst others, may have
on benthic communities that is a key issue connected with tfiece As such,
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information from this aspect of the assessment will be fed directly into the biological
section of the environmental assessment.

Marine Mammals

The assessment will take into account species distribution and activities such as
feeding (alhough there may not be information on specific feeding grounds, any
information available on how and when mammals feed will be taken into account),
breeding, communication, migrations and abundance. There is not an existing data
set that covers all of thabove information to a consistent level. However, there is
high-level information available on each aspect that can be fed into the assessment.
The prediction of specific effects on marine mammals will be based on current
understanding of behaviour aressumptions of their reactions with regards to
turbines. It will not use evidence specifically related to mammals interactions with
devices as there is currently no fieddta.

Commercial Fisheries

The assessment of effects on commercial fisheries aké into account the amount

of fishing taking place and fishing types (e.g. pelagic, demersal, potting and shell
fisheries). The assessment will also take into account seasonal variations in activity.
However, any information that is provided by fisherntbrough the process on the
location of their specific (if different from the main grounds) key fishing grounds will
not be included in the assessment.

Important area for fishing can change rapidly and fishing methods and locations are
very variable. It wiltherefore be acknowledged in the assessment that more detailed
location specific studies will have to be undertaken for individual developments
through the project EIA process.

Marine and Coastal Historic Environment

The assessment on areas of potenti@rine archaeological importance will consider
potential sites of submerged landscapes and wrecks. However, it can be assumed
that developers will generally avoid wrecks due to the potential difficulties associated
with the installation of devices close trecks. Any exclusion areas for protected
wrecks will also be taken into account. For the purpose of the assessment a risk
based approach should be adopted with regards to wrecks and the area buffered
around them. This approach should take into accolmet $ize of the wreck, such as
from a lone cannon up to a full sunken ship, the condition that the wreck is in and the
seabed and tidal conditions to assess the dispersal range around the wreck. The
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method of device deployment also needs to be considered@lvith the accuracy of
the vessel control. All of these factors should be used to asses each wreck on an
individual basis in order to ascertain an appropriate exclusion zone

Shipping and Navigation

The effects of devices on shipping is well understood, mainly obstruction and
collision. The key issue will be identifying shipping routes of importance within the
study area, and their location, width etc. The data ShipRoutes data acquired gives a
good owerview of key shipping routes and densities, but the routes shown are
indicative and not fully representative of the routes taken by vessels. However
additional data via the AIS network will also be considered in the assessment giving a
more useful mappingf shipping routes.

Recreation

The assessment of effects on recreation will take into account seasonality and key
areas of interest.

Application of the Assessment Method

This will be applied in two levels:

Level 1: Assessment of individual arrays (tedbgy envelopes)
Level 2: Assessment of the development scenarios.

Level 1

The main aim of the REA is to assess the impact 260MW+ (the maximum
development) and 100MW (the minimum development to meet targets) of marine
renewable energy capacity being instal and operating in the Bailiwick of Guernsey

on the environment. Based on this the REA will focus on Marine device arrays as
these will be the developments that contribute to the electricity production.

¢KS adGdzRée | NBI gAff o0fS2 LAILE WV IANKI2a QT YaKYA
identified as:

1.The Big Russel;

2.The Little Russel;

3{0 alNIAyQa t2AydT
4 East of Sark;

5.The North of Guernsey;

6.The Northwest Coast;

7.The West coast;
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The presentation of the results is complex due to the large area of study, the wide
range of devices and arrays and the levels of uncertainty involved with the prediction
of the effect a device, or array, will have on the environment.

A key objective offte REA is to advise the development of renewable energy in
Guernsey and to inform the decision making process. This must be shown by the
results. As such, where practical, it will be useful to utilise maps to illustrate the
results of the assessment, whiwhll make the results clear and accessible.

Significance mapping will be used to highlight the areas of significance, at all levels
from slightly to highly significant effects, for specific receptors. For example a
shipping routes map would have the rast highlighted in different colours
identifying the significance of an effect.

Level 2

Once the assessment of the arrays has been completed, the REA will consider the
cumulative effects of the development scenarios.

The potential grid connections willsal be assessed as part of the REA to determine
whether there would be an adverse effect on the environment.

The development scenarios will be assessed in two stages as part of the REA:

1. Application of the development scenarios to a development arealcuation
of the electoral output that could be generated from each of the
development areas based on the development scenarios;

2. Application of the development scenarios to the whole study area
calculation of the potential energy outputs for the study arkeased on
application of the development scenarios, including the cumulative effects
that may occur with clusters of devices.

Due to the few numbers of commercial wave and tidal developments, there is a level
of uncertainty surrounding the output of wave dees and therefore that of arrays

and array size. The energy capacity for wave and tidal devices can vary largely, from
well below 1MW to, potential, 5SMW+. However, it has been decided that for the
sake of the REA an average generating capacity of 1IMVdewece will be used per
device.

The electricity generating potential for each given location will be measured by using
the above assumptions and the development scenarios. This will then be assessed
considering development in areas where there are:

A No oron slightly significant effects on the environment following mitigation;
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A No, slightly or moderately significant effects on the environment following
mitigation;

A No, slightly, moderately or highly significant effects on the environment
following mitigation

To apply the development scenarios to the whole study area the assessment aims to
find out whether the deployment of devices to generate 200MW of electricity can be
generated in areas there will be no or only slightly significant effects, or whether to
meet the target development may have to be situated in areas of higher significant
effects.
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1. Introduction

1.1 Scge

This report provides a brief study into the Islands of Guernsey, Herm and Sark with regard to their
potential for development of Marine Renewable Energy. The report describes the technical
engineering constraints presented by the geography of the saudg. It provides descriptions of

likely components that would make up a renewable energy development, to enable environmental
specialists an opportunity to visualise the likely impact of deployment of devices.

1.2 Primary Objectives
e To provide the first techical inputs to the States of Guernsey Marine Renewable Energy
project
e To provide background information of a clear and unbiased nature to environmental
specialists to aid them in completing relevant sections of the Regional Environmental
Assessment, (REA)
e To suggest development scenarios for further detailed assessment

2. Resource

2.1 Tidal Stream

The resource assessment used for this work has been described in the REA scoping document. This
was a desk top study based on the BERR Atlas of Marine Renewablg Besogrces and

preliminary work undertaken by the Robert Gordon University, Aberdeen. It shows potentially useful
tidal energy resources in the Big Russel, Little Russel, off St Martins Point, south of Herm and east of
Sark.

2.2 Wave

Again, using data takenom the BERR Atlas of UK Marine Renewable Energy Resources, the REA
scoping document shows that there is evidence of a suitable power resource around Guernsey. The
exploitation of the more powerful offshore wave resources would be optimised by mooriagsaof
devices off the west coast of Guernsey in a depth of approximately 50m. This would coincide with
GKS fAYAG 2F DdSNyasSeQa GSNNROG2NARLFE aSlao
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3. Development Strategy

3.1 Capacity Targets

A target installed capacity should be set based upon the availabtaurce, the state of
RSOSt2LIYSyid 2F GKS RSaANBR GSOKyz2ftz23eésx IyR (KS
renewable energy should take in the overall supply mix. The detailed allocation of humbers and

types of devices to particular deploymenteas will be a matter for debate when the next phase of

the resource assessment work (by Robert Gordon University) is complete and the environmental
constraints are more properly understood by the completion of the REA.

However, for the purposes of the REBAninimum targeted capacity for installation of 80MW from
Tidal Energy and 20MW from wave energy has been assumed. In the provision of information to
assist environmental specialists to visualise the impacts of potential renewable energy projects, this
report focuses on a typical 40MW tidal array (of which two will be required) and a typical 20MW
wave array.

3.2 DevelopmentOwnership and Community Benefits

It is likely that the high cost of and commercial risk of manufacturing, installing and operating
renewable energy projects will preclude this being done directly by the States. Therefore, any
development is likely to be undertaken by existing UK or European utilities, energy generators or by
new private companies or consortia. Therefore, it is likleit a significant proportion of the profit

from such developments will return to investors. However, recent examples in the UK indicate that
some form of local community benefit is generally considered to be essential in the establishment of
successful neewable energy farms. This is an important consideration for this study as most
residents of the Bailiwick of Guernsey will have some sense of ownership of the seas around the
Islands. Methods of returning funds to the community folimgestment in commuity projects are
established and documented by the British Wind Energy Association BWEA. On Guernsey, there is
also an opportunity to provide a revenue stream to the Island through the charging of royalties on
the value of energy exported through the leasfeareas of seabed.
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4. Device Technologies

A summary of this section has already been presented in the REA Scoping Report. However, in this
report, the commentary has been extended to give greater consideration to the engineering
requirements, together vth the nature and scale of scheme components.

4.1 Tidal Stream

7.1.1 Tidal Generation Devices
There is a diverse range of tidal device designs currently under development and they can broadly be

divided into four main categories based on their principle of enesgsaction; horizontakxis

turbines, vertical axis turbines, oscillating hydrofoils and devices utilizing the Venturi effect (it should
be noted that although Venturi could perhaps be considered assilof horizontal axis machines,

they present differ@t considerations when undertaking Environmental Impact Assessments (EIAS).
Therefore, it is appropriate to treat them as a separate category).

e Horizontataxis turbines work on a similar concept to-simore wind turbines. The moving
water turns the blades in a similar manner to air flowing past a wind turbine. The SeaGen is
an example of a horizontalxis device (http://www.seageneration.co.uk/)

e Verticalaxis turbines work on a similar principle to horizordals turbines, the major
RAFTFSNBYOS o6SAy3 KL -drieniake§ by NG SoxHefi i velrtieak dheK | &
Proteus Mark Ill is an example of a vertiagis device
(http:// www.neptunerenewableenergy.com/).

Horizontal and vertical turbines can also be further-sidgssified into lift and drag type turbines, the

first of which are characterised by blade speed exceeding water speed and latter having lower blade
speed in compasion with speed of water. Lift type devices are known to be more efficient than drag
devices [HydroVolts; The evaluation of an axial flow, lift type turbine for harnessing the kinetic
energy in a tidal flow, W.J. Swenson, Northern Territory Centre forgieesearch, Northern

Territory University]

e Oscillating hydrofoils move due to water flow on either side of an aerofoil section. The tidal
current flow over the hydroplane section creates vertical forces which cause it to oscillate.
This motion and forces used to drive a hydraulic motor and subsequently turn a generator
to create electrical power. The Pulse hydrofoil concept is an example of a device utilizing
this technology (http://www.pulsegeneration.co.uk/).

e Venturi Effect devices are enclosed iduct, whose diameter reduces in order to increase
flow rate through the turbine. The orientation can be horizontal or vertical. The accelerated
water can either drive a turbine directly or produce a pressure difference which is used to
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drive an airturbine. The Rotech Tidal Turbine is an example of a device utilising the Venturi
effect (http://www.rotech.co.uk/).

A range of different systems are used to secure devices to the seabed. Thus tidal devices can also be
sub-classified as floating, gravity $&d or pile mounted. Floating devices can be attached to the

seabed using a flexible cable or chain and be allowed to move relatively freely responding to the

changes of tidal direction. Alternatively, they can be secured by a fixed rigid mooring to limit

movement, or arranged in a group of turbines on a supporting platform which responds to water

level changes. Devices that are gravity based are mounted on the seabed or resting on it rigidly due

G2 GKS RS@GAOSQa I NHS ¢S pirletinto thdé sBabedzrikyan SR RS OA C
often be lifted up for maintenance.

In general, the trend for tidal stream devices (irrespective of the energy capture principle) is for
offshore deployment in water depths of up to 100m, with typical depthapgroximately 2660m.

This study focuses on an area with a water depth e5@Mh which is suited to most offshore tidal
devices. Large scale applications of tidal devices will involve the installation of numerous devices or
device arrays known as tidahergy farms. It is anticipated that for an array footprint of 0.5km2 (30

50 devices), the potential generating capacity could be in the order of 30 to 50 MW.

7.1.2 Tidal Turbine Structures
To support the actual turbine itself it is necessary to mount it on stmma of suitable sukstructure

secured to the sea bed. This structure will have tolerances set on its alignment in both the horizontal
and vertical plane to ensure the turbine operates efficiently. These limits are unlikely to be above +/
4 degrees.

Thete are currently three approaches considered to achieving anchorage to the sea bed, namely
gravity based, piling or tension mooring.

e Gravity Base is becoming the design aim of the majority of device developers. It relies on
building a structure of sufficignmass in water, or that can be ballasted with sufficient mass,
to create frictional drag on the sea bed of a magnitude able to withstand thefdrags
induced by the tidal flow and the overturning forces (moments).
e Pileorpinning. Amonopileisdrife Ayid2 GKS aSIF 6SR 2NJ GLAyYyaé¢ |
through and are used to clamp a steel structural frame to the sea bed.
e Tension Mooring. The device is positively buoyant and floats in the water column attached
to the sea bed via tension legs which aréum anchored through either gravity or by
pinning. This allows the device to slew and move to its optimum orientation with respect to
tidal flow.

Each of these techniques has obvious merits and has been used successfully in other offshore
applications. ldwever, there are various difficulties associated with their application to tidal

turbines. Gravity bases are, in theory, the simplest and should be the easiest to deploy. To secure a
turbine of 1MW capacity with a blade diameter of approximately twelveregein tidal velocities of
approximately 1.75 m/s, it is likely to require ballast weights of approximately 700tonnes. This is
approximately 91m3 of steel, or a 4.5*4.5*4.5m block.
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Mono piles require driving into the sea bed to a suitable depth to allwemt to withstand the over
turning moment and support the weight of structure above. The pile size for a 1IMW capacity turbine
will require approximately 14m penetration with a maximum diameter of 914mm. The driving
operation generally requires some formjatkup or spread moored vessel. These vessels can
generally only work in tidal velocities of 0.5m/s for jacking or piling and 1.5m/s for other working.
This results in a very short working window through each tidal cycle requiring vessels to be on site
for long periods with the potential for long periods of weather downtime.

Tension mooring of devices that are sesnbmerged in the water column is a complex solution. The
dynamic forces are difficult to quantify and so assumptions to ensure the desigfiels sngineered
must err on the cautious. Each mooring leg will need expert design but is likely to be made up in
sections to deliver the required properties. These are likely to consist of a clump weight or Bruce
type anchor, length of chain and thenlexible link. Clump weights are likely to be in the region of

30 to 50 tonnes with the full anchor leg being anywhere from 10 to 80m in length depending on the
device attached.

Gravity bases are the design aim as they should, in theory, require simplgrigue the sea bed

from a suitable vessel. The operation requires no or limited sea bed preparation and less time to
perform the actual installation. The large masses involved mean that deployment often cannot be
achieved in a single lift and it therefoneust be done in stages at each slack water period and could
take up to six lifts to complete.

4.2 Wave Energy Conversion (WEC) technology

7.1.3 Wave Generation Devices
There is a diversity of WEC device designs currently under development. Theseadoaddakinto

four main categories, based on the principle of energy extraction employed: attenuators,
overtopping, point absorbers and oscillating water column (OWC).

e Attenuators are floating WEC devices which have their main axis perpendicular to the wave
front. They operate in parallel to the wave direction, riding the waves. The Pelamis device is
an example of this type of device (http://www.pelamiswave.com/)

e Overtopping devices store the water from the incoming waves in a reservoir above sea level,
using it to drive lowhead turbines for energy generation. The Wave Dragon is an
overtopping WEC device, using this principle of operation (http://www.wavedragon.net/).

¢ Point absorbers are floating WEC devices which extract energy in all directionshtiheug
vertical movement of a moving part in relation to a fixed base. Examples of point absorber
RSOAOSa AyOfdzRS GKS hOStY t26SN) ¢SOKy2f238Qa
(http://www.oceanpowertechnologies.com/).

e Oscillating Water Column (OWG@rvices are open to the sea below the water line and
enclose a column of air. Moving waves cause the water column to rise and fall, compressing
and decompressing the trapped air column. The moving air column drives a turbine to
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generate electricity. Thenshore Wavegen and offshore Energetech are two examples of
OWC devices, along with the Superbuoy concept (http://www.wavegen.co.uk/ and
http://www.oceanlinx.com/ previously known as Energetech Australia Pty Ltd.).

In terms of their installed location, BC devices can also be stlassified as shoreline, neahore or
offshore. The trend in all types of Offshore WEC device design is for deployment in water depths of
up to 100m, with typical depths of approximately 50m. Offshore design is mainly prfdueeto

the higher annual wave energy available.

This study focuses on an area with a water depthep20Y ¢ KA OK A& &dzZAGSR (2 w2

However, it is important to note that shoreline and nesnore devices are available and may be

suitable2 NJ RS LI 28 YSyld 6A0GKAY GKS NBIA2Yy D I ljdzZl YIF NRY S
9y SNH& Q& ¢NARiG2Yy NB G2 SEI YLI S&hoWateRSIA OSa 2 LISN
(http://www.aquamarinepower.com/ and http://www.neptunerenewableenergy.com/).

Large sale applications of WEC devices will involve the installation of large arrays or wave energy
farms. It is anticipated that for an array footprint of 4 km2 (7 to 100 devices) the potential
generating capacity will be in the order of 15 to 50 MW [ ].

7.1.4 Wavdcnergy Convertor Moorings
The different types of wave energy convertors all require a slightly different approach to mooring

system design. The amount of positive buoyancy involved, the required motion and depth of water
will dictate the system design.

Ingeneral, in areas of high energy seas, the sea bed tends to be hard rock or mobile shoals of
pebbles/shale. Large boulders are often reported to move along the seabed through such areas. It is
unlikely that a simple short length of chain attached to adBrar fluke type anchor will obtain

sufficient purchase alone. The mooring systems will therefore be of a composite leg type with clump
weight or anchor, length of chain and flexible section. The number of legs will be dependent on the
device.

Pelamis madihes currently use two to three nose anchorages leading into the prevailing wave
direction with a single stern leg that is long enough to allow the device to pivot and align with the
predominant wave direction within suitable limits. The current devices3bm in diameter with an
overall length of 120m for a power output of 750kW.

t 2Ay0 F0&a2NDSNRE adzOK Fa ht¢Qa t26SNI . dz2& I NBE Y2N
The clump weights and design of moorings will be dependent on the devicerblat @ thumb is

that mooring lengths should be at least three and a half times the water depth, so for 50m depth

this gives 175m per leg. Clump weights will be in the region of 30 to 100tonne depending on the

device. The new PB150, a 150kW device willGra maximum diameter with an overall height of

44m (34.75m of which is submerged).

One device known to use tension leg moorings, similar to that used byssdmmersible vessels in
the oil and gas industry, is being developed by Orecon. This is a 1.5M&\ewargy device with a
large surface structure. It can therefore be assumed that the sub sea weight required will also be
large, possibly thousands of tonnes as opposed to hundreds.
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4.3 Infrastructure Equipment

Since each tidal turbine or wave energy conveitoof relatively low capacity in relation to

anticipated demand it will be beneficial to connect several together offshore and then to transmit
the generated power ashore via either a single cable or two or three smaller ones. A method of
isolating eithe single turbines or small groups is probably required to allow flexibility in operation
and to provide a means to isolate machines for maintenance or repair without having to shut down
the whole farm. This all requires the deployment of additional equipnagther to the marine

energy converters or to a connecting hatsucture.

At present suksea connection and hub infrastructure for power systems is not fully developed. The
systems will need to take from the offshore oil and gas industry which doesydenplch of the

required building blocks, albeit with lower capacity ratings that will be required for large marine
energy schemes. In particular the development of subsea transformers to step the voltage up for
efficient transmission to shore is requirddurrently they have and are being deployed in similar
capacities for the Ormon Lange oil field in Norway. These devices are relatively large, potentially
with an 8m diameter footprint, and can weigh in the region of 35 to 50tonne in air. Additional mass
for adequate ballast or foundation to retain them in high energy seas such as those around
Guernsey, Herm and Sark is also required. Depending on the type and profile of the sea bed this
could require complex structures and installation techniques addirgp$b and time to deploy.

The requirements of the various developers are likely to be mixed and so requesting data from them
as to facilities they would like, whilst necessary, can lead to a complex picture that is difficult to turn
into a realistic indusyr-wide set of specifications. Bearing this in mind and the stated aim of

providing input to the REA study, the following list of minimum requirements is given;

e A transmission cable from the offshore site with a path to a grid or transmission network;

e An aea of sea consented and marked appropriately as a marine energy zone;

e A form of SCAD/(pervisory Contr@nd Data Acquisitionsystem capable of providing a
sufficient level of control to satisfy the requirement of Marine Guidance Note (MGN) 275 in
an emergency situation;

e A set of metering equipment which will accurately measure both power produced and
power used;

e Suitable control and safety switch gear for connection to either a local transmission network
or private consumer dependent on scheme adopted,;

e Appropriate buildings to house the shes&le equipment and control stations as required by
the scheme adopted,

e Appropriate structures and housings for any s#a equipment required in the scheme
adopted,;

e Appropriate transformers and associated equipmeffshore to step up the generated
voltage before transmission to shore to reduce losses.
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5. Logistics and Port Facilities

In installing any marine energy conversion devices the offshore logistic requirements are very much
dependent on the nature of eneygiarm to be installed and the local port facilities available. It

should also be noted that Guernsey has no existing heavy industry of the sort associated with subsea
engineering. It is therefore necessary for the majority of devices and other equipméet t

imported to the islands ready for installation. However, some tasks and components will remain
common to all types of development with respect to their logistics and their impact on the Island of
Guernsey. In particular this includes transmissioneaidtallation, large mooring or foundation
deployment and shore control equipment installation.

Large capacity transmission cables will be required for the capacities currently envisaged. It is
common practice to load this type of cable directly onte thessel which will lay it. Suitable
manufacturing and loading facilities exist at Hartlepool, Rosyth, or Oslo Fjord in Norway. The vessel
will then transit to site, complete the installation, and returns to a convenient home port{o de
mobilise. Addition&facilities are thus unlikely to be required from any ports in Guernsey.

The installation of foundations, moorings, sub structures and turbine nacelles will require the use of

port facilities at a conveniently close location. Many of the turbine mandi¢ N & KIF @S NB O2
and wish to establish techniques where prefabricated sections of structure and turbine can be

completed close to the deployment sites to reduce transportation costs and ease logistics

difficulties. Their sequence of activities wotlhiis be to ship prdabricated sections to a vessel

mobilisation port, complete assemblies, load installation vessels (probably three at a time), transit to

site, deploy and then return to collect more.

It is currently envisaged that the majority of devievelopers will not be able to make use of

existing port facilities in the Channel Islands due to their limited size, exposure of the harbour bed at
low water and lack of lagown areas. This is not considered to threaten the overall feasibility of
renewable energy development, as there are existing suitable port facilities in northern France and
southern England. The provision of any new port facilities on Guernsey would be a major
undertaking, and would present environmental impacts that could be mucte significant than

the development of Marine Renewable Energy itself. Conversely, such provision would benefit not
only the renewable energy industry, but also many other aspects of the Guernsey economy. The
provision of new port facilities is not essaadtto the development of Marine Renewable Energy, and
therefore this report, and the REA itself, will not consider this as a consequential impact for
assessment within the study area.
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6. Grid Connection

6.1 Grid Overview

The description of the grid on the Isldof Guernsey is included in documents available to the public
on the Guernsey Electricity website, such as the Statement of Opportunity were referenced in
compiling this document.

The map and information supplied by Guernsey Electricity highlightedtlosving bulk supply

LRAYGAT (G662 |G DdzSNyaSe 9f SOGUNAROAGEQA b2NIK aARS
which serve the north and east of the island with the exception of Kings Mills. No value of available

import capacity is availablbut it can be assumed this would vary and could be substantial due to

the sophisticated nature of the grid operation and stability practised on the island.

The site at Kings Mills is closest to the possible sites for development as Wave Energy Fatimes with
North Side site, Les Amaballes and Belgrave being closer to the main potential tidal resource areas.
The tidal resource area to the south of Guernsey may benefit from the proposed upgrade at Ville au
Roi, depending on the planned works at this site.

6.2 Potential Cable Routes
It is clear that minimising the length of cables helps to reduce costs and improve system efficiency.
However other factors also dictate viable cable routes such as;

W Site location

W Available grid/ distribution network points
w Sea bed type

W Beach landing point

The site and direction of incoming waves or tidal streams will determine the layout of device arrays
and subsequently the cable routing into the area. This will be further complicated by avoiding such
things as local rdes, wrecks, fishing grounds or other zones which will mean that the route is not a
straight run between the selected landing site and the device array. The detailed route engineering
will require a full seabed survey to show the depths, seabed type amtifgl@/recks to be avoided.

In general it is preferred to bury cables across the selected beach and along the route to the offshore
site using equipment deployed from the cable lay vessel during the lay process. The simplest form is
G§SNYSR I (sediretal8ddoéhind viedsels whilst the vessel moves along deploying cable
along the route. They have the advantage in that many of them can land cables and allow them to
be pulled up the beach to commence burial. A depth of burial of approximately 2mecachiieved

in this way in soft sand or clay. Regular beach profile survey data is essential to ensure that the
required minimum depth of burial is maintained throughout the life of the cable.
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