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Preface

This Report is in two parts. This part, Part 1 — Guideline, is for guidance only and is
primarily intended as assistance in preparation of the Facility Design Report document
on which regulatory approval may be focused. It calls for the designer/owner to provide
an explanation on the design of systems upon which safety relies. Appendix B provides
a summary table of safety concerns for equipment design, suggested applicable codes
and/or guidance, and a reference to anticipated Certification and Regulatory compliance
activities. Part 2 provides a Commentary giving background to many of the component
issues, references, and some insights into issues and references to useful documents
for further background on the issues for use in developing or reviewing the Facility
Design Report. Appendix A to Part 1 provides a generic list of documents to be supplied
as a main part of a submission to a regulator or certified verification agent (CVA) as
stipulated in 30 CFR § 285.

This document is part of a project sponsored by MMS to recommend design standards
to ensure structural safety/ reliability/ survivability of offshore wind farms on the US
Outer Continental Shelf (OCS).

Two other reports are companions to this document and cover the following subjects:

1. Report on Damage and Critical Review of Accidents in relation to Offshore Wind
Farm Safety: documentation of significant damages relevant to wind farms for
which appropriate information is available together with an analysis of the cause
of the casualties, if available.

2. A Safety Management System Template providing guidance on the content and
subject matter for the owner’s Safety Management System.

As far as can be determined, wind farms in general have had a good safety record in
design issues. With the exception of wind turbine towers on land in areas affected by
typhoons and tropical revolving storms, and issues that have come from control
systems, the structural design record has been excellent.

There have been a number of major maintenance issues:

The industry had a number of serial failures in gearboxes. There have been a
substantial number of gearboxes that had to be changed out within a shorter
period of time than expected. At least two have been offshore projects.

There have been a substantial number of blades with defects or fatigue issues,
which have broken. Many have been recalled and re-engineered. Since there
have been recalls it is assumed these are serial faults.

Some foundation designs have had time dependent issues, so as time goes by,
diligence is required on inspections.

For application on the OCS one may look to the record of the wind turbine business in
the United States on land for insight. Again, so far as the record shows on safety from
design issues, the record is good. There are, however, concerns going forward for

offshore wind issues, particularly in those areas where the wind characteristics are far
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different than those experienced offshore in Europe.

The OCS definition of “offshore” is generally more than 3 miles from shore (with the
exception of 2 states) whereas the European and International Electrical Commission
definition is for where “hydrodynamic forces” are applied. Some of the “offshore”
experiences are thus not the same as may be experienced for wind farms on the OCS.
Many parts of the OCS are subject to hurricanes, and extremes of weather that are not
part of the European experience. If we look to Japan, Taiwan and the Philippines for
some of their experiences with wind turbines over the years, there have been several
towers knocked down in hurricane conditions: in conditions they were not designed to
withstand. The mechanical damage to the turbine itself and the blades is of concern: but
the loss of the tower may be more of concern. It is thus of interest to ensure that the
conditions being used for design benefit from a perspective of ensuing that the design is
adequately pouring in some of the experience from other “offshore” experiences.

Permitting by governments requires ensuring that a framework is provided upon which
there is sufficient scrutiny to provide comfort to the government who is responsible for
leasing the land, and to ensure that there is a process for technical review of the
designs prior to installation. This is normally done by codes developed for that purpose,
and these are usually national codes that have been developed over many years. The
increased interest in offshore wind power has led in Europe to the development of an
“International” Code set (IEC 61400), but mainly supported by other European
standards. Loading conditions may be suitable to European conditions but may not be
appropriate for other venues. Construction standards may be suitable for Europe and
not suitable for a variety of reasons for construction in the United States. Equipment for
the installation tasks may be different in the United States.

The IEC has developed the code funded by a tremendous amount of research, and
theoretical work which has resulted in an extensive set of code documents which have
addressed a lot of issues in detail: thus they are complex to read. The nomenclature is
different than that used by the offshore oil & gas community in the US and the
techniques used to design the wind farms are much more complex than is customary in
very many offshore structures, due to the dynamic nature of the wind turbines.

Since the USA does not have its own code for offshore wind farms, nor has it developed
a “country addendum” to the IEC code outlining what might be different in the US, the
present task of technical review of these falls to rational consideration. The proposed
method of technical review is based on not mandating any particular code that must be
used, but to have the designer/owner submit as part of the Facility Design Report, their
philosophy of design and then state the codes they have relied upon and why they
believe this is “best practice”. When done in a way that requires justification of the
design within certain constraints, (this is the approach used in many parts of the oil and
gas sector and in many chemical industries) it allows innovation in the design, which is
S0 necessary as the industry progresses toward a more code-prescriptive environment,
if indeed that becomes necessary. Since no specific codes exist for offshore wind farms
for the OCS the focus, it is assumed, will be centered on both API RP2A Recommended
Practice for Planning, Designing and Constructing Fixed Offshore Platforms and the IEC
61400-3 Offshore Wind Farms code while noting the modifications of European

msharples@offshore-risk.net 6
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standards to those that are comparable but more appropriate for the US: steel
standards, welding qualifications, concrete standards, etc. Reference to Certification
documents developed by private organizations e.g. Germanischer Lloyd and DNV as
well as European standards as applicable are relevant for “best practice”.

The process that the international community has adopted for wind farms is different
than that which has existed for verification of fixed oil and gas facilities in the U.S. The
system of Component Certification, Type Certification and Project Certification has been
a common feature of the international regulatory approval process. Co-dependence
between the machinery and electrical control equipment for structural safety lead to a
realization that basic certification for suitability of these component parts must be part of
any approval process. The Certification can be carried out to a variety of Codes,
Standards and Guidelines as stipulated by the owner with the approval of the regulatory
authority. The Certification simplifies the process of approval in that it forms the basis of
confidence in the facility design basis, and the plans to fabricate and install per existing
guidelines while drawing attention to the deviations from those guidelines. Audits can
then be carried out on a firm understanding and measure compliance with the approved
Facility Design Report and the project plan. Such an approval process can rely upon
certification companies, appropriately qualified or accredited by the regulator, to provide
assurance in the design in the source country of manufacture, as part of that process.

This Report (Part 1) provides a Guideline to describe the equipment of the wind farm, its
design features and the basis upon which the feature has been approved by Type and
Project Certification and/or Certified in an equivalent way by a Professional Engineer
qualified by the CVA process with experience in the area being certified. In the case of
Professional Engineer certification it is appropriate that the Certification basis be
existing certification guidelines of the best practice from the most recent published copy
of IEC 61400, GL, DNV, or other independent organization offshore windfarm
guidelines. Since both Type and Project Certification have different content in different
countries/projects it will be necessary for the owner to provide clear detail of what parts
of the system are being covered by the Certification process, to what standard, with
what deviations, in what depth and with the quantity of surveillance together with the
qualifications of those carrying out the reviews and surveillance.

The CVA and Project Certifier may be the same organization, however, because of the
potential conflict of interest it has been assumed that these are different organizations in
this report as the situation may vary from project to project.

Acknowledgment
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some of the wording and style from “Health Safety and Environment Case Guideline for
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1. GENERAL INFORMATION

An overview discussion is provided in the Commentary section (Part 2) of this Report.

In addition to the generic information required to be submitted as part of the Facility
Design Report as specified by CFR § 285.701, the following additional items should be
addressed. All information should be provided pertaining to the wind tower/turbine
structures, any offshore transformer platforms, and interconnecting and shore cables.

The information should be submitted in English units and may be accompanied by
metric equivalents

1.1 Wind Farm Structures and Details

Provide an overview of the structures including metocean towers, wind tower structures,
and major components. As provided in IEC 61400-3 Annex A provide information on
location and year built, and the designer/builder, etc.

1.2 Wind Farm Structure Layout

Provide a description of the wind farm structure layout and the relative positions of the
primary equipment and the safety equipment e.g. access landings together with details
of intended attendant craft for personnel and equipment offloading, lifesaving gear (if
any), fire protection arrangements, external ladders, internal ladders indicating side to
be climbed and side for lifts, ladder landings, man-riding devices, locations of safety
system anchorages, drains, switchgear, transformers, emergency escape equipment,
etc.

1.3 Selection of Safety Critical Systems

Provide a summary of the equipment systems that owner/designer has identified as
safety critical (many of the systems will be included in this list however, some will not:
e.g. the lighting system may not be safety critical, but the emergency lighting system
may be). As an example provide details of the anemometer if it controls the yaw
direction, design wind speed limitations, and information on what backup systems are
relied upon if the anemometer fails.

Description of the arrangements to ensure that safety critical equipment complies with a
suitable code (e.g. navigation lights will be required to comply with USCG directives;
mooring systems for floating system will have to comply with APl RP2SK), or provide a
rational criteria for its acceptance and information details on the system that exists to
ensure that replacement parts also comply with that code/criteria.

Note: it would be expected that part of the system to be described would demonstrate
that replacement parts for safety critical systems are treated with priority in the
management system. The Safety Management System Template describes safety
critical systems and the process of assurance that the management systems deal with
safety critical issues appropriately.

msharples@offshore-risk.net 8
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1.4 Certification

Describe in overview each of the maijor structures and components and on what basis
(standard/code/guidance) it is being Type and Project Certified, to including deviations
from the standard/code/guidance. The description should identify the proposed certifier,
qualifications, and activities that are proposed to be contracted for. For each item
certified, provide a description of the component, the code subsections, and information
on deviations. Tabulating that information may be helpful in a format similar to Table 1.
The table may need modification for the specific situation. The intent is to demonstrate
in one document the various aspects of certification and third-party checks that have
been carried out for the project. The form of that summary is at the owner’s discretion.

msharples@offshore-risk.net 9



Table 1: ITEMS THAT ARE TO BE CERTIFIED, BY WHOM, AND TO WHAT STANDARD

Structure Control
Structut:al Coating & Control .and Fire
Tower Connection . Protection
Tower . Blades Cathodic - Suppress.
Foundation (e.g. Bolt) . Monitoring
Protection System
Components System
Features
Lightning Protection °
De-Icing System
Type Certificate

design basis evaluation

design evaluation

type testing

manufacturing evaluation

final evaluation

Component Certificate

design basis evaluation

design evaluation

type testing

manufacturing evaluation

final evaluation.

Project Certificate

site conditions evaluation N/A
design basis evaluation N/A
load analysis N/A

design evaluation

manufacturing quality

i N/A N/A
evaluation
manufacturing surveillance
(report % attendance) N/A N/A
transpo'rtation manual NA VA A
evaluation
transportation surveillance NA VA A

(report % attendance)

installation manual evaluation

installation surveillance
(report % attendance)

commissioning surveillance
(report % attendance)

final evaluation

operation and maintenance
surveillance (report
attendance requirements).

Prototype Certificate.

basic design evaluation

prototype test plan evaluation
and

safety and function test

Submission Information 10



Table 1 (Continued) : ITEMS THAT ARE TO BE CERTIFIED, BY WHOM, AND TO WHAT STANDARD

Features

Machinery Hydraulic| Climate

Gearbox

|nf:| Yaw Pitch Drive Brakes & Hydraulic CooI!ng Gen_erators
Bearings . Heating incl

otor Locking
el ety orain| S vices || 22 M i ohumids | Baarings

& Lube
System

Lightning Protection

De-Icing System

Type Certificate

design basis evaluation

design evaluation

type testing

manufacturing evaluation

final evaluation

Component Certificate

design basis evaluation

design evaluation

type testing

manufacturing evaluation

final evaluation.

Project Certificate

site conditions evaluation

design basis evaluation

load analysis

design evaluation

manufacturing quality
evaluation

manufacturing surveillance
(report % attendance)

transportation manual
evaluation

transportation surveillance
(report % attendance)

installation manual evaluation

installation surveillance
(report % attendance)

commissioning surveillance
(report % attendance)

final evaluation

operation and maintenance
surveillance (report
attendance requirements).

Prototype Certificate.

basic design evaluation

prototype test plan evaluation
and

safety and function test

Submission Information

11



Table 1 (Continued) : ITEMS THAT ARE TO BE CERTIFIED, BY WHOM, AND TO WHAT STANDARD
Electrical Components

. . Internal
Medium & Chzilrglng Switchgear Turbine/ Nacelle
Trans- Equipment and Transfmr Cover and
formers and Storage Protection Spinner/

. . Station .
Batteries Equipment Cables Housing

Converters High Voltage
Components

Features
Lightning Protection
De-Icing System
Type Certificate
design basis evaluation
design evaluation
type testing
manufacturing evaluation
final evaluation
Component Certificate
design basis evaluation
design evaluation
type testing
manufacturing evaluation
final evaluation.
Project Certificate
site conditions evaluation
design basis evaluation
load analysis
design evaluation
manufacturing quality
evaluation

manufacturing surveillance
(report % attendance)

transportation manual
evaluation

transportation surveillance
(report % attendance)

installation manual evaluation

installation surveillance
(report % attendance)

commissioning surveillance
(report % attendance)

final evaluation

operation and maintenance
surveillance (report
attendance requirements).

Prototype Certificate.
basic design evaluation

prototype test plan evaluation
and

safety and function test

Submission Information 12



Table 1 (Continued) : ITEMS THAT ARE TO BE CERTIFIED, BY WHOM, AND TO WHAT STANDARD
Other Stuctures Other Systems

Other (0]1,1-14
Nacelle . Installation In Field Cables to Nav/FAA
Installation Crane

Frame Support Cables Shore Lights etc.

L ElIBEE Structure

Features
Lightning Protection
De-Icing System

Type Certificate
design basis evaluation N/A N/A N/A N/A
design evaluation N/A N/A N/A N/A
type testing N/A N/A N/A N/A
manufacturing evaluation N/A N/A N/A N/A
final evaluation N/A N/A N/A N/A

Component Certificate
design basis evaluation
design evaluation
type testing
manufacturing evaluation
final evaluation.

Project Certificate
site conditions evaluation
design basis evaluation
load analysis
design evaluation
manufacturing quality
evaluation

manufacturing surveillance
(report % attendance)

transportation manual
evaluation

transportation surveillance
(report % attendance)

installation manual evaluation

installation surveillance
(report % attendance)

commissioning surveillance
(report % attendance)

final evaluation

operation and maintenance
surveillance (report
attendance requirements).

Prototype Certificate.
basic design evaluation
prototype test plan evaluation
and
safety and function test

Submission Information 13



Table 1 (Continued) : ITEMS THAT ARE TO BE CERTIFIED, BY WHOM, AND TO WHAT STANDARD

Features

Lightning Protection

De-Icing System

Type Certificate

design basis evaluation

design evaluation

type testing

manufacturing evaluation

final evaluation

Component Certificate

design basis evaluation

design evaluation

type testing

manufacturing evaluation

final evaluation.

Project Certificate

site conditions evaluation

design basis evaluation

load analysis

design evaluation

manufacturing quality
evaluation

manufacturing surveillance
(report % attendance)

transportation manual
evaluation

transportation surveillance
(report % attendance)

installation manual evaluation

installation surveillance
(report % attendance)

commissioning surveillance
(report % attendance)

final evaluation

operation and maintenance
surveillance (report
attendance requirements).

Prototype Certificate.

basic design evaluation

prototype test plan evaluation
and

safety and function test

Submission Information

Table1 (Continued): Other Components
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Notes: to Table 1

Provide in each box the basis of representation of Certification upon which regulatory approval is requested. "GL" is used
herein as example - however "DNV", Professional Engineers “PE”, and others who have Certified are to be indicated by the
appropriate initials.

Use "GL" for Germanischer Lloyd Certification - to GL standards

Use "GL-IEC" for Germanischer Lloyd Certification - to IEC standards

Use "GL-IEC/GL"for GL Certification to both

Use "GL-BSH" for GL Certification to BSH standards

If part of the MMS-CVA program - use "CVA"

An explanation sheet should accompany this table to explain deviations/ or other provide other comments
A number in the box related to the notes/comments/ deviations may be helpful.

Place "N/A" for items that are non-applicable

Provide Final Evaluation reports of Project Certification and/or Type Certification to
substantiate suitability of the equipment for the site.

Discussion is provided in the Commentary section of this report on the Certification
process on the following subjects:

Bottom Supported Fixed Structures

Blades

Certification

Control Monitoring & Condition Monitoring

Corrosion Protection & Offshore Suitability Requirements
Emergency Power/ UPS Battery Back-up

Fire in Wind Turbines and Transformer Platforms
Floating Facility

Gearboxes

Geotechnical Requirements

Installation Process

Lifting Equipment Man Riding and Material Handling
Lightning

Load Cases for Tower, Nacelle and Spinner/Rotor etc.
Navigation Lighting, Sounds and Marking

Offshore Transformer Platform

Personal Protection Equipment Design Considerations
Subsea Cables

Transportation Process

1.4.1 Surveillance

Provide information on the amount of surveillance which will be contracted for with the
Certifier(s) and approved CVA related to the specific activities that they will be carrying
out. This should identify any surveillance activities in manufacture that are planned to
be for a single prototype or production component and whether partial (state %) or full

msharples@offshore-risk.net
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surveillance.

Where surveillance is proposed to be reduced on the basis of experience with the
manufacturer, or installation contractor etc. provide supporting documentation for this
proposed decision.

1.5 Location of Records

Provide information on the location of the records used for the design and certification/
verification for the functional life of the wind farm structures including: the as-built
drawings; any changes to the Facility Design Report; the design assumptions and
analyses; a summary of the fabrication and installation nondestructive examination
records; the inspection results from the inspections; and Records of repairs not covered
in the inspection reports submitted. The Retained Records should include the original
material test results of all primary structural materials during all stages of construction.
Primary material is material that, should it fail, would lead to a significant reduction
structure safety, structural reliability, or operating capabilities. The location of these
records is required to be in the possession of the owner in the United States for auditing
purposes by the MMS: if other arrangements are proposed, please explain.

2. ENVIRONMENTAL/METOCEAN DATA

Provide summary of data applicable to the site for turbine installation. This information
should include the independent extremes for 1-year, 10-year, 50-year and 100-year
returns for wind speed, wave height, crest elevation, wave period, current and
distribution, and any other pertinent metocean data. 1000-year values should be
provided in order to facilitate reliability calculations. Information to be provided at 10 m
height level, and hub height level and include 1-minute wind speeds (as well as the
information provided by any manufacturer limitations, with factors to convert to 1-minute
wind speeds if information is provided to other criteria). Provide data showing
associated values for each of the independent extremes to justify the use of the reduced
associated values stipulated in the IEC 61400-3 standard for design.

Provide substantiation for method used or a comparison to NOAA or other published
values to provide confidence in results.

This information can be integrated into requirement (5) of the Facility Design Report as
outlined in 30 CFR 285.701.

msharples@offshore-risk.net 16
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3. ENGINEERING DESIGN DATA

As much as possible, this information can be integrated directly into requirement (6) of
the Facility Design Report as outlined in 30 CFR 285.701.

Provide information about the facility design including all requirements, assumptions
and methodologies which are essential for the design and the design documentation,
including:

codes and standards complied with, noting any deviations; design parameters;
assumptions; methodologies and principles; and other requirements, e.g. for
manufacture, transportation, installation and commissioning as well as for operation
and maintenance.

Provide a Failure Mode and Effect Analysis (FMEA) backed up where clarity for
acceptance is required with a Quantitative Risk Analysis (QRA) to provide basis for
extreme load cases. Particularly relevant will be any condition that relies upon power or
the control system for tower survival. The QRA should analyze and summarize all
conditions that could lead to tower or support structure failure and return period
applicable to survival of the tower for each condition. The FMEA should identify all
assumptions for which the structural integrity depends e.g. details of braking system if
emergency stopping is safety critical: the loads will depend on assumptions made with
the deceleration value due to braking, and substantiation that this is a maintainable
value may be critical; yaw angles used for calculating the load should be justified if
safety critical; battery longevity may also be a safety critical assumption which should
be disclosed.

For both the wind towers and any transformer platform(s), provide details of collision
criteria, and loads assumed in the derivation of an appropriate criteria: size of vessel
appropriate, speed of collision, and other assumptions that determine the load value
together with a copy of the HAZID or other rationale for determining the suitable size
and speed. Provide details of collision design requirements, and protection
requirements from collision e.g. fendering loads to prevent damage from attending
vessels.

Note: DNV, IEC, and GL guidance differ on this, and site specific requirements
should govern the determination.

Note: the design loading case (DLC) conditions are not well enough described in the
IEC Document to be sure all points are considered, and that the analyst can interpret
what all the potential interpretations of the load cases may result from the
information written. The FMEA report should make the conditions that become the
critical design cases clear.

msharples@offshore-risk.net 17
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3.1 Bottom Supported Fixed Structures

Provide information resulting from each of the load cases in summary form. Provide for
each IEC load case the resulting return-period limits for any critical components and
assumptions resulting or state why the IEC load case is not applicable. Any additional
load cases should be explained as to why they are critical to structural integrity. An
example of the table contents is given below:

DLCID # Conditions Details Assumptions Results: Explanation
Return Period,
Critical item
DLC1..... Deceleration
values derived
from emergency
braking
DLC 1.6a Provide Power 6 hr., e.g. 20-year,
Detailed values Yaw + X Tower at
of metocean .
data and degrees efc. Transition
configuration
used
DLC 1.6b Provide Power 6 hr., e.g. 18 —yearr,
Detailed values | yay + X Blades, and
of metocean .
data and degrees etc. Tower at first
configuration bolted joint
used
....... etc.
Other

The table may need adjusting, but the goal of this should be to identify for each load
case a complete understanding of the assumptions and the return period, and values of
metocean data applicable to the design and to the survivability condition.

Add other load case based on outcome of any load cases determined by the FMEA
performed.

Please submit results of 2 further Load Condition if not already covered: Load condition
results for an extreme load case for an L-1 structure based on APl RP2A. (100-year
return period extreme storm, 1-min mean wind with associated waves and currents
from site-specific data). The results should include a normal APl RP 2A load factor but
the results should additionally include the estimated extreme return period with no load
factors but including appropriate resistance factors: this case should have no reliance
on power to determine the direction of the wind on the turbine nacelle i.e. take the worst
case. If the return period cannot be met please provide the appropriate value of return
period that the structure will meet from this load condition. Since ASCE 7 provides for a
load factor for highest reliability for electrical power stations and installations, provide
the value of return period that can be achieved for the APl RP2A load condition
including the “importance factor” appropriate to the offshore wind farm installation.

Provide information values used for marine growth on the submerged structure and
confirm these values used in the calculations to derive forces used in the design
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together with the drag and mass coefficients used.

3.1.1 Design Conditions- Tower

Provide a table of information on the Design Load Conditions (DLC) used to design the
Tower if the critical cases are not noted in the Table in Section 3.1 in a similar format. If
Certified to DNV or GL Rules in addition, note any additional or omission of load cases
which are provided based on that Certification.

For each load case provide a summary table of the primary structure parts which are
critical load locations in the tower. Note the anticipated consequence of exceedance of
those load cases.

Provide information on the connection of the tower to the transition pieces, and any
tower-tower sections that are bolted or grouted, and the design standards/codes to be
used. Bolt information should include torque values and a statement as to how those
are assured in the construction/maintenance processes.

From this information provide a table giving locations of critical details in the tower
which will be on the Structural Critical Inspection Points (SCIPs) list, in the Inspection
document. SCIPs identify areas of particular attention in the on-going structural
maintenance and include areas to be inspected after extreme events.

3.1.2 Foundations/Support Structure/Transition Piece

Provide a table of information on the Design Load Conditions (DLC) used to design the
Foundations if the critical cases are not noted in the Table in Section 3.1 in a similar
format. If Certified to DNV or GL Rules in addition, note any additional load cases which
are provided based on that Certification.

For each load case provide a summary table of the primary structure parts which are
critical load locations in the foundation. Note the anticipated consequence of
exceedance of those load cases.

From this information provide a table giving locations of critical details in the foundation
which will be on the Structural Critical Inspection Points (SCIPs) list, in the Inspection
document.

3.2 Floating Systems

A summary is provided below, however, based on the historical issues with oil and gas
structures the Commentary section of this report gives an anticipated list of issues and
codes that may be suitable for applying to the regulatory approval of floating systems.

3.2.1 Stability

Provide the following information:
e details of standards and criteria used in determining the intact and damage
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stability characteristics;

e details of damaged stability limits and conditions that could cause those
conditions;

¢ information on watertight closures.

3.2.2 Ballast and Bilge System

Provide description of the Piping and Instrumentation Diagrams (P&IDs), including
piping arrangement drawings, of the main and emergency blast and bilge system which
includes:
e Layout and capacities of tanks;
e Location and capacities of the pumps with can be used for the ballasting and
bilge operations;
e Details of the ballasting and bilge pumps that can be powered from the
emergency supply;
e Operation of the primary control valves;
e Description of the environmental operating criteria (e.g. maximum heel and list
for pumping);
e Arrangements for monitoring ballast conditions.

3.2.3 Mooring System

Describe the arrangement and equipment for mooring including:
e Arrangements to monitor position in relation to cable limiting requirements;
e Details of limiting operating criteria (e.g. angle limits of cable, cable tension,
heave etc.).
e Details of inspection and monitoring arrangements for conditions of cables.

3.2.4 Strength

The strength analysis will vary depending on the floating structure type and shape. In
general compliance with the appropriate API or Classification Society standards would
be a suitable basis for acceptance.

For each load case provide a summary table of the primary structure parts which are
critical load locations.

From this information provide a table giving locations of critical details in the floating

structure which will be on the Structural Critical Inspection Points (SCIPs) list, in the
Inspection document.

3.3 Design Conditions of the Hub/Nacelle

Provide a table of information on the Design Load Conditions (DLC) used to design the
Rotor Nacelle Assembly (RNA) stating the specific wind speeds/ conditions that are
used. If Certified to DNV or GL Rules in addition, note any additional load cases which
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are provided based on that Certification.

Provide a table of information on the Design Load Conditions (DLC) used to design the
Foundations if the critical cases are not noted in the Table in Section 3.1 in a similar
format. If Certified to DNV or GL Rules in addition, note any additional load cases which
are provided based on that Certification.

For each load case provide a summary table of the primary structure parts which are
critical load locations in the RNA. Note the anticipated consequence of exceedance of
those load cases.

From this information provide a table giving locations of critical details in the RNA which
will be on the Structural Critical Inspection Points (SCIPs) list, in the Inspection
document.

Provide results of Maximum Blade Deflection Analysis giving clearances to the tower
and provide the extreme conditions that might give rise to the tower and blade
interacting including 50-year and 100-year extreme values.

Provide information on the braking systems including the mechanical brake and yaw
brake and motor, their capabilities so far as the extent that they can hold in extreme
wind speeds, and the characteristics of the deceleration that can be applied. The
information to be supplied in such a way as to determine how this information is
accounted for in the load analysis.

3.4 Blades

Provide information on:

e Design life of the blades;

e Deflection anticipated in extreme loading conditions (to assure that the blade

does not impact the tower);

e Tests carried out on the blade design and correlation to site-data to ensure the

fatigue and strength requirements match the site-specific data;

e How long blades have been in production: if this is first installation provide
information on tests carried out and location/ third parties present during blade
tests;

Temperature limitations of the blades;

De-Icing methods/equipment details (if appropriate);

Monitoring strategy to ensure defects are located prior to failure;

Confirmation that the load case results from FMEA match the blade specification;
Statement as to control system requirements to assure that blade does not fail.

3.5 Gearboxes

Provide information on the design of gearboxes. Provide the standard used. If AGMA
6006 is used, provide information and the site which justifies the assumptions made in
the load analyses. If another standard is used, provide detailed justification and
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summary of deviations from AGMA 6006.

Provide list of analyses carried out on gearbox, computational verification of the load
capacities and lifetimes of the individual components of the gearbox, and practical
demonstration of tests carried out to confirm analytical figures. Provide summary
information on prototype trials, field tests and series tests completed or anticipated, as
appropriate. If the prototype trial was performed on a gearbox test bench provide
information on the assumptions, boundary conditions that were applied in the design
phase. Provide summary results which indicate to the owner confirmation of the
anticipated reliability of the gearbox e.g. years prior to major overhaul needed.

3.6 Control and Condition Monitoring Systems
Provide a full description of the Control and Condition Monitoring systems.

Provide details of any systems that have to be active to achieve “fail safe” status in case
of a power failure. If the power failure is backed up by battery power or other emergency
power indicate length of time for the backup to function and details of the consequences
if the back-up system were to fail at the same time as the electrical fault.

Provide details of the marine standards used for cabling, connections, and appropriate
quality control in the manufacturing and installation for the control and condition
monitoring system.

Provide information and proposed method of assuring the verification of the software
used in the process of control and also in the process of condition monitoring if it is
proposed to be used for setting the machinery and other inspection limits
(recommended).

Please provide a table similar to that below with the anticipated extent of the Control
and Condition Monitoring system being submitted for approval. This table is not
considered complete but will give an indication of the anticipated information to be
provided. Where the proposed system is outside the regulatory recommended items,
please provide an explanation.

Control Monitoring System

e Regulatory Recommended
(o) Optional

Measured Information — Examples Comments
Meteorological Information
Wind Speed °
Wind Shear Recommended for prototype testing IEC 61400-13
Wind Direction
Wave Height °
Wave Direction
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Current Speed

Current Direction

Ambient Temperature

Temperature Gradient

Recommended for prototype testing IEC 61400-13

Power Information

Condition of Power Generated

Amount of Power Generated e | Required for prototype testing IEC 61400-13

Control Mechanisms — Examples Comments

Blades Angle

Yaw Position

Hydraulic System

Brakes

Shutdowns

Condition Monitoring System

(may be Monitoring: over 100++ values per turbine)

Alarm Information Comments
Fire Detection °

Fire Protection Equipment Health (o)

Electrical System Health incl. Transformer, (o)

switchgear, converter

Power Management System Health (o)

Equipment Information Comments

Tower Information

Determine fatigue deviations from design to
e | identify potential for failure.

Rotor Information

Monitor and record wind, direction, blade
speed, vibration, lightning hits, etc. for fatigue
e | determination; If 2 rotor bearings are provided
state if both are to be monitored.

Blades

Measured data may pick up blade defects,
unbalances or yaw misalignment

e | Icing information may prevent ice-throw

Out of balance information may prevent blade
throw

Yaw Brake Status

Mechanical Brake Status

Nacelle Information

(o) Nacelle temperature, vibrations, Main bed

frame
. Temperature of windings, differential in rotation
Generator Information °
angle
Transmission Information e | Gearboxes: number and location of sensors

Gearbox bearings: number and location of
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sSensors

Planet-helical gears potential location of
e | sensors may include: at the ring gear, at the
level of the sun pinion shaft, at output gear level

Differential temperatures (input and output) to

Temperature of Equipment (o) indicate wear
Indicate location of vibration sensors and
Vibration of Equipment (@) | whether screwed or glued on by means of
ceramic glue
Lubrication Oil Quality (o)
Wear Debris content of oil (o) Indicate how size of metallic particles are

Transmission Equipment

monitored

Monitoring the Monitoring and Transmission
(®) | equipment sending signals to condition
monitoring center

Software Information

Event Recorder L
Backup Discs if Power failure °

Explain philosophy of clearing multiple alarms
Alarm message logic e | without on-site inspection since it may lead to

issues

(o)

Regulatory Recommended
Optional

Explain for each measured value, where appropriate, how the analytical system is used
to determine unacceptable deviations.

3.7

Lightning Protection

Lightning protection should be mandatory for offshore wind farms. Consideration will be
given to deviations if the area can be shown to have minimum risk from lightning strikes.

Provide details of the lighting protection proposed as follows:

Definition of protection levels;

Definition of pro