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Glossary
BPEO Best Practicable Environmental Option
COLREGS International Rules for Preventing Collision at Sea
CDM Construction Design & Management (Regulations)
CPA Coastal Protection Act
DBERR Department of Business Enterprise & Reform
DP Dynamically Positioned
EIA Environmental Impact Assessment
ES Environmental Statement
EMEC European Marine Energy Centre
FEAP Food & Environmental Protection Act
HIRA Hazard Identification & Risk Assessment
MEC1/MEC2 Marine Energy Converter (turbine) Nos. 1 & 2.
MSR Mean Spring Range
ES Environmental Statement
Multi-Cat Small general purpose workboat
NavWarn Navigational Warning
NM Notices to Mariners
NRA Navigational Risk Assessment
OREI Offshore Renewable Energy Installation
RIB Rigid Inflatable Boat
ROV Remotely Operated Vehicle
TDR Testing Time-domain Reflectometer Testing
UKHO United Kingdom Hydrographical Office
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Introduction

This document presents an outline decommissioning plan for Tidal Generation Limited's (TGL'S)
prototype tidal turbine, due to be installed at EMEC’s Fall of Warness test site from June 2008, in
accordance with the requirements of the Energy Act 2004. It has been prepared in line with the
BERR industry guidelines for the decommissioning of OREI's.

TGL is the developing company that owns and operates the installation as at the time of writing,
July 2008. TGL’s ownership extends to the point of interface with the sea bed cable #2 which is

owned and operated by EMEC.
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Tidal Generation Limited

1 Executive Summary

The decommissioning of MEC 2 and the tripod foundation is expected to take place between
December 2012 and June 2013.

The process will take part in two stages: the decommissioning of the turbine, followed by the
decommissioning of the tripod foundation structure.

The outline plan has been prepared on BPEO principles and is as follows:

(i)

(ii)

(i)

(iv)

V)

(vi)

(vii)

The MEC 2 turbine is recovered to shore as per a normal maintenance operation. This
is completed over a single slack water period using a small workboat / Multi-Cat with an
ROV and a RIB. Re-usable components are salvaged, and the steelwork structures
recycled as scrap.

A work vessel (typically a Multi-Cat or small barge) with ROV, cable handling and water
jet cutting spread is mobilised to site and moored.

The splice box between the turbine umbilical and the EMEC seabed power and
communications cable is raised from the seabed with the assistance of the ROV to
attach strops to the built-in lifting points. The turbine umbilical is disconnected from the
EMEC cable, and the EMEC cable end is suitably capped off and replaced on the sea
bed, with the recovery infrastructure. The EMEC cable is left ready for re-use by
another developer at the berth.

The three attachment piles which secure the tripod foundation to the sea bed are cut off
at bed level using a cutting lance lowered down inside the pile sleeves at slack water.

A lifting vessel (crane barge or DP) is mobilised to site and secured on station, and the
complete structure including rock mats is recovered onto the deck of the vessel and sea
fastened.

The vessel is demobilised to a suitable port for offloading and scrapping of the steel
structures.

An ROV survey of the sea-bed condition and EMEC cable infrastructure is carried out.
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2 Background Information

2.1 Site Location

The European Marine Energy Centre (EMEC) tidal test site is located in the Fall of Warness, to the
west of the island of Eday. A description of the facility can be found on the EMEC website
WWW.emec.org.

TGL’s turbine foundation has been placed near the end of cable #2 (see Figure 1). The berth sits
in a sounding of 42.5m, with peak tidal speeds reaching 3.7m/s.

In planning decommissioning the presence of other installations at the site and the existing sea
bed cables and infrastructure will have to be accounted for. At the time of writing one other
developer, Open Hydro, has an installation towards the north end of the site, and others are
planned over the next few years.

Figure 1 — Test berth #2 location at the EMEC Fall  of Warness site

The tripod structure is shown schematically in Figure 2 overleaf, which shows the J-tube which
guides the turbine umbilical to the seabed. The axis of the J-tube in plan is used as the axis of
orientation for the tripod structure. Details of the turbine and nacelle are confidential and are not
provided here.
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Figure 2 — Tripod structure showing J-tube and rock mats

The turbine location is as follows:

Tripod Location:

Easting Northing Latitude Longitude Datum Projection
511110.53 | 6555305.03 | 5908'12.60717"N | 00248'21.03092"W | WGS-84 UTM Z30N
353985.84 | 1028059.92 OSGB-36 OSGB-36

Tripod Geometry:

J-Tube Axis Heading (True9 Pitch(9 | Rall(9
331.8 2.36 -0.30

Figure 3 overleaf shows the tripod position with respect to the EMEC cables #2 & #3. The tripod
is to the north of the end of the as-laid EMEC cable position; cable 2 will be cut back to a suitable
location to accommodate the se bed splice box during installation.

TG-PP-010-0200
Rev B July 2008 8 of 30



1MW TIDAL TURBINE & FOUNDATION — OUTLINE DECOMMISSIONING PLAN

Cable 2

Cable3 (— /

Tripod

Figure 3 — Tripod location

2.2 Layout of the Facilities

The layout of the TGL machine in the test berth consists only of the turbine and foundation, and a
cabling arrangement (including a splice box — see figure 4) linking the generator back to the EMEC
substation. There are no adjacent platforms or pipelines.

The device foundation has a sea-bed plan footprint of 129.6m?, although there will be gaps of
exposed seabed within this area as the foundation is not a solid base covering the seabed.
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Figure 4 — Schematic of sea-bed cabling arrangemen  t

2.3 Sea-bed Conditions

The Warness test area is known to be a region of exposed bedrock, as confirmed by surveys and
core sampling carried out by TGL in May 2007. Surveys undertaken of the tidal test site indicate
that the sea-bed ranges from eroding sub-littoral sandbanks in the east to smooth, scoured
bedrock ridges and platforms with occasional boulders towards the centre of the test site.

Pre-installation ROV surveys of the foundation site and surrounding area were carried out in May
2008. Around test berth 2 and the tripod location the seabed is predominantly bedrock and
virtually devoid of mobile sediments. Sub-littoral areas are sparsely inhabited, with no species of
conservation value.

2.4 Environmental Conditions

The Warness channel is shown in Admiralty chart 2250 which identifies the tidal range (~3.0m
MSR) and tidal flows (up to 3.7m/s). The channel runs roughly NW-SE from the Westray Firth out
to the Stronsay Firth and is exposed to winds and swells from either of these directions but
generally better protected from wind from other directions.

Detailed Metocean data have been gathered for the foundation design and installation planning,
from EMEC (ADCP surveys and Metocean study) and from mooring analyses carried out by Noble
Denton (wind and wave magnitudes for various return periods). These data will be used for
planning the decommissioning, and will be updated / confirmed by wind, wave and current
measurements that will be taken during the turbine test programme.
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2.5 Shipping and Fishing Activity

The vessels which pass through the fall of Warness area are mostly cruise liners and pelagic
fishing boats. Ferries also use a number of routes through the Fall of Warness during periods of
strong flood and easterly gales. The tidal test site is located within a charted area to be avoided by
vessels larger than 5000grt.

Although creel fishermen do work within the Fall of Warness area, their operations are usually
restricted to within the 30m contour. Test berth 2 is in 43m of water and is therefore considered to
be beyond their normal areas of operation.

The vessel traffic and the implications of the installation, operation and maintenance of TGL's
device for navigational safety in the Warness channel have been assessed in an NRA carried out
in support of the CPA license for installation (see Section 5 below).
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3 Description of the Turbine and Foundation

The device comprises a detachable turbine mounted on a tripod support structure. At one end of
the turbine is a tri-bladed variable pitch rotor of the upstream horizontal axis type, connected
through a mechanical transmission to electrical generating equipment all housed within a sealed
tubular housing (the “nacelle”).

Figure 5 (below) shows the machine in the operational condition where it is secured to a tripod
foundation structure.

Figure 5 — The DEEP-Gen turbine

The turbine is fully submerged and mounted on the sea-bed. It is connected to the onshore
substation on Eday via a seabed cable that has already been laid by EMEC.

The 1MW nacelle (MEC2) is approximately 14m long and weighs ~65tonnes. It is mostly of
welded steel and ductile cast iron construction. The three rotor blades are made from carbon and
glass composite material (as used in yacht and wind turbine blade construction) and the rotor
diameter is approx 18m. A minimum 14m clearance will exist between any part of the powertrain
and the surface at all times. MEC1 has a smaller diameter, leaving a clearance of 18m at all times.

The tripod is 19m high to hub centreline, and weighs in the region of 140 tonnes in air. It is of
welded steel construction, in accordance with standard offshore structural practice, and is
protected by a cathodic protection system comprising aluminium sacrificial anodes.

TG-PP-010-0200
Rev B July 2008 12 of 30



1MW TIDAL TURBINE & FOUNDATION — OUTLINE DECOMMISSIONING PLAN

4 Proposed Decommissioning Programme

The process will take part in two stages: the decommissioning of the prototype turbine, followed by
the decommissioning of the tripod foundation structure.

4.1 Turbine Decommissioning

TGL'’s prototype turbines (both MEC1 and MEC2) are unclamped from the top of the tripod
foundation and raised to the surface under, then taken to shore for disposal. These operations are
exactly the same as the operations required for recovery of the turbines for normal maintenance.

A small workboat with an ROV (Remotely Operated Vehicle) and an RIB (Rigid Inflatable Boat) are
required to carry out the turbine recovery, which can be completed within approximately one hour
over a single slack water period. The vessels are not required to moor or anchor at site.

4.2 Foundation Decommissioning

TGL is committed to its decommissioning obligations under both the Energy Act 2004 and its
Developer’'s Contract with EMEC.

Towards the end of the test programme in 2012, however TGL will review future requirements to
determine whether all or part of the structure could be re-used as part of its own future test
programme, or that of another developer at EMEC. |If this were possible, discussions would be
held with the regulator and potential subsequent user to agree a revised decommissioning
programme, subject to the subsequent user's / EMEC’s acceptance of transfer of ownership and
associated liabilities and decommissioning responsibilities.

Decommissioning has been considered from the outset in the design of the tripod structure and the
cable connection arrangements. The following decommissioning plan has been prepared in
accordance with BPEO principles, and is a relatively straightforward exercise which in outline
comprises:

1. Mobilising an appropriate small vessel to site, typically a Multi-Cat or small workboat such
as the Forth Constructor (see details in Appendix A), and securing it on station. The vessel
will be secured on station on a 4-point mooring, and will be fitted out with winches and
cable chutes and an ROV spread to enable recovery and handling of the seabed cable
splice box.

2. Raising the splice box between the EMEC seabed power and communications cable and
the turbine umbilical and securing it onto the deck (Figure 4 above shows the cable splice
box arrangement schematically).

3. Cutting through the cable with a grinder or mechanical saw or similar standard cutting
implement, making off and potting the shore end, fitting it with a lifting eye, chain and clump
weight, and carrying out TDR (Time-domain Reflectometer) testing - i.e. returning the cable
to the sea bed in the same state as it was when first provided by EMEC, ready for the next
developer.
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4. ltis possible that, subject to future agreement with EMEC, the dry splice box could be left
onthe end of the cable and re-used by a subsequent developer; the viability of this option
will be considered nearer the time.

5. Sending an ROV down to the sea bed around slack water to guide a cutting lance (water jet
or similar) down inside each of the pile sleeves of the tripod in sequence. This technology
is existing offshore practice, and the available techniques and tooling will be reviewed
nearer the time of decommissioning to determine the best option. The cut line is shown
schematically in Figure 6 and is below the level of the joint between the mud mats and the
pile sleeves so that the mud mats are also lifted when the tripod is lifted.

Cutting through the pile sleeves at sea-bed level.

At this stage the Multi-Cat/ workboat can de-mobilise if necessary and the tripod structure
will be stable on the sea bed under gravity (it was designed for on-bottom stability for the
installation phase).

8. Mobilising a heavy lift vessel to site (barge or DP), preferably employing a vessel of
opportunity in transit during off-season months. Typical vessels used for this purpose are
shown in Appendix A. One option is the use of a DP vessel with a 140te crane @15m
reach. If a moored barge option is adopted, a similar vessel can be used as that for the
installation. A supporting Multi-Cat or similar will be required for the anchor handling
operations and ROV deployment. The choice of vessels and mooring spread will be made
nearer the time on the basis of availability.

9. Attaching lifting strops under the inclined braces of the tripod, with the assistance of the
ROV.

10. Lifting the entire tripod (including mud mats) onto the deck of the vessel, and sea fastening
it.
11. Carrying out an ROV survey of the sea bed condition for records.

12. Demobilising the vessel to a suitable port for offloading and recycling of the steel tripod
structure as scrap.

This process is effectively a complete removal of the structure from the sea-bed, with the exception
of what remains of the foundation piles below sea-bed level. These will be embedded into the
bedrock to a depth of approximately 3 meters and filled with grout which will be flush with the sea
bed.

Decommissioning technology is already available in the offshore oil & gas industry capable of
cutting through tubular members of the size used in TGL's foundation. Combined with the design of
the pile attachment system, which keeps the inside of the pile sleeve hollow to allow cutting
equipment inside the sleeves, this technology means that the piles can be cut off at the level of the
sea-bed. Removal of the piles below sea-bed level would be a difficult, time-consuming and
environmentally disruptive process with no foreseeable environmental benefit, and is therefore
considered neither practical nor affordable in this context.

It is likely that decommissioning technology will develop significantly before 2012/3, and the
available equipment and techniques will be reviewed nearer the time.
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Figure 6 — Schematic of pile showing seabed cutli  ne

4.3 Waste management

All wastes will be disposed of in line with legislative requirements, giving priority to re-use and
recycling in accordance with the waste hierarchy.

In practise it is possible that the turbine - if not the foundation as well - will not be decommissioned
at the end of the test period in 2012/3, but will be retained by TGL as part of a test array or as a
wet test berth for ongoing technology development.

If MEC2 is not required for further tests, it will be broken down into its component parts, many of
which can be re-used by TGL. Any remaining metal will be scrapped.

The foundation structure will be scrapped. Any residual concrete in the pile sleeves will be
separated from the steel and the rubble recycled as hardcore.
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4.4 Safety Considerations

As per the installation phase, decommissioning will be carried out under the CDM Regulations. A
Principal Contractor and CDM Co-ordinator will be appointed, and detailed method statements will
be prepared for review by stakeholders (e.g. TGL, CDM Co-ordinator, Principal Contractor,
EMEC). HIRA meetings will be held prior to works commencing.

During decommissioning, as is the case for any maintenance phase, the vessels will comply with
the International Rules for Preventing Collision at Sea (COLREGS) and the activity would be
notified by NTM’s and NavWarn messages broadcasted by the appropriate authority.

TGL with comply with EMEC’s procedure for the provision of appropriate marine safety information
to the UKHO at appropriate times prior to work starting. It is considered that, with the available
searoom, adequate notice of such activity given through the Maritime Safety Information services
and appropriate compliance with the COLREGS, the risks from decommissioning activities will be
tolerable. The NRA prepared for installation will be reviewed and updated if necessary in support
of decommissioning.

The works will be carried out under the EMEC permit to work system which will coordinate the
operations of the various developers at the site and ensure the safety of critical operations such as
mooring a barge in the channel.

A number of lessons have been learned from the installation process, particularly with regard to the
mooring design and the operation of a barge on a six-point mooring. The solutions developed will
be fed into the marine planning for decommissioning.

If a mooring spread is used, a guard boat will be in attendance during marine operations to ensure
that safe clearance of other vessels from the works is maintained.
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5 Environmental Impact Assessment

In 2007 an EIA was undertaken, and following consultation on a scoping report, an ES was
produced in support of the CPA and FEPA licenses for the turbine installation. The ES identified
the potential impacts to the environment from the installation, operation and maintenance of the
installation and identified measures to avoid, reduce and remedy any potential impacts. The ES
also contains a table of commitments that TGL made to implement these measures.

Decommissioning is essentially the reverse of the installation process, only simpler because there
are no drilling operations. The disturbance to the environment in terms of noise is therefore
reduced. At this stage it is therefore considered that the majority of the environmental issues are
covered by the installation ES and that no additional impacts are introduced. Towards the
decommissioning date the ES will be reviewed to determine whether any additional issues have
arisen during the test period that require to be addressed.

One of the main potential impacts identified in the NRA was navigational safety and a device-
specific NRA was undertaken to assess the hazards, risks and mitigations of TGL's device. The
navigational safety issues for decommissioning are similar to those for installation, and provided
the same measures are taken the risks should be mitigated and acceptable.

The extent of a typical mooring spread (that used for the tripod installation) is shown in Figure 6,
taken from the device-specific NRA prepared in support of the CPA and FEPA licenses for
installation. The vessel and mooring spread required would be smaller than that required for the
installation because in the absence of driling and grouting, the equipment and operations required
are much less complex and the maximum lift weights are lower. Note that as per the installation
phase it is not intended to apply for a Safety Zone.
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Fig 6 - Turbine site and barge mooring
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6 Consultations with interested parties

This outline programme will be sent to the consultees listed in Appendix B. On receipt of
comments, it will be re-issued to include the comments received and updated to show how any
issues raised have been addressed.
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7 Costs & Financial Security

The tripod foundation and MEC 2 are short-term experimental devices of an early stage
technology. The decommissioning costs are commercially confidential to TGL at this stage of the
technology development. A detailed breakdown and information relating to financial security are
given in confidential Appendices C and D, available to DBERR only.
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8 Schedule

TGL's provisional development programme is shown in Table 1 below:

ltem | Description Earliest Date Latest Date
1 Install foundation June 2008 October 2008
2 Install MEC 1 (500kW prototype turbine) Jan 2009 March 2009
3 Remove MEC 1 and install MEC 2 (1MW turbine) March 2010 June 2010
4 Decommissioning of foundation Dec 2012 June 2013

Table 1 — TGL's Provisional Development Programme

The decommissioning of MEC 2 and the foundation is expected to take place between December

2012 and June 2013.

The time on site will depend on the weather, the state of the tide, and the maximum current in
which the vessel and ROV are capable of operating. Overall, it is envisaged that decommissioning
should require less time than installation, and that the marine operations should be achievable
within ten days spread over two successive neap cycles.

In order to save mobilisation costs, the timing of the decommissioning should ideally allow the
opportunistic use of vessels on a pass-by basis, although this will clearly depend on berth usage

requirements and on the level of activity of suitable vessels inthe area.
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9 Sea-bed Clearance

No sea-bed debris will be produced by the decommissioning process.

The attachment piles will be cut flush with the sea bed and will pose no hazard to shipping or
navigation. Bottom trawling is not carried out in the Fall of Warness.

The sea bed comprises exposed bedrock at the site and so the parts of the piles left embedded in
the sea bed will not subsequently become exposed through scour.

During the test programme TGL will be carrying out periodic cable inspections which will provide
the opportunity to observe the sea-bed around the turbine. After the removal of the foundation, the
condition of the sea-bed will be confirmed by an ROV survey. There is an approved ROV
specification used by EMEC which will also be used by TGL.
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10 Restoration of site

As the decommissioning programme creates very little disturbance to the sea-bed, restoration
measures should not be necessary. Bed rock is exposed throughout the majority of the area, with
only occasional boulders, and is virtually devoid of mobile sediments with the exception of a few
sparse pockets of mobile sands, thus negating the potential for scour and subsequent
redistribution issues.

The area of seabed disturbance from the presence of any rock anchors (if used for barge mooring
purposes) is nominal in relation to the overall seabed area of the Fall of Warness and there are no
habitats of conservation importance.

In the light of the above, and given that with the exception of the embedded sections of piles all the
seabed infrastructure originally installed by TGL will be completely removed, it is not considered
that any post-decommissioning monitoring or maintenance of the site will be required.
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Appendix A

Typical Vessels required for Decommissioning

TG-PP-010-0109
Rev C August 2008 24 of 30



1MW TIDAL TURBINE & FOUNDATION — OUTLINE DECOMMISSIONING PLAN

TG-PP-010-0200
Rev B July 2008 25 of 30



1MW TIDAL TURBINE & FOUNDATION — OUTLINE DECOMMISSIONING PLAN

TG-PP-010-0200
Rev B July 2008 26 of 30



1MW TIDAL TURBINE & FOUNDATION — OUTLINE DECOMMISSIONING PLAN

TG-PP-010-0200
Rev B July 2008 27 of 30



1MW TIDAL TURBINE & FOUNDATION — OUTLINE DECOMMISSIONING PLAN

TG-PP-010-0200
Rev B July 2008 28 of 30



Tidal Generation Limited

Appendix B

List of Consultees & Comments Received
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CONSULTEES

The Scottish Fisherman’s Federation

The Scottish Fisheries Protection Agency (Local Representative)
Chamber of Shipping

Royal Yachting Association

Joint Nature Conservation Committee
Scottish Natural Heritage

Scottish Environment Protection Agency
Historic Scotland

The Maritime and Coastguard Agency
Northern Lighthouse Board

Orkney Islands Council Harbours Authority
Orkney Island Council

RSPB
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