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Preface 
In order to understand the potential issues for offshore application of wind farm 
structures it was appropriate to review the accidents and incidents available in relation 
to onshore and offshore wind farm safety and to use those to draw insights into the 
potential for offshore wind farm safety and provide “experience” to anticipate likely 
potential events.  

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).  

This document is the Report on Damage and Critical Review of Accidents: 
documentation of significant damages relevant to wind farms for which appropriate 
information is available together with analyses of the causes when available. 

Three other reports are companions to this document and address the following 
subjects: 

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

2. A Guideline for providing the recommended items to be provided in a Facility 
Design Report (outlining the basis of the design) that an offshore wind farm 
owner may submit to MMS for approval. This document allows the owner to site 
the standards that they are going to use in the design and propose a holistic 
design basis on which the project is to be built, and provide basis for regulatory 
approval. 

3. A Commentary on the Guideline items to include a discussion and insight into 
issues which may be appropriate for selection of codes and standards upon 
which the approval can be based.  

Acknowledgment 

Several organizations track wind farm accidents. While we are unable to mention all of 
those organizations those which were most useful in diligently producing information 
about accidents, and issues were:  

• Caithness Windfarm Information Forum (CWIF): www.caithnesswindfarms.co.uk 

• Industrial Wind Action Group: www.windaction.org

• National Wind Watch: www.wind-watch.org

While these organizations are not necessarily pro-wind, they have provided a useful 
reference which the wind farm industry has not provided. In doing so, they in fact are 
doing the industry a huge favor (since they are non-profits), since the industry is not 
providing this information, and indeed if the industry is acting with safety in mind, 
tracking and measuring accidents statistics is mandatory for assuring long-term 
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credibility of the industry.  

The general industry safety record, so far as we were able to ascertain was good and 
it may be of benefit to share experiences to ensure the steady growth of the industry. 
Since accidents do get reported on the internet, the lack of transparency in the 
industry is viewed as a negative in that the accidents occur with no explanation of root 
causes, and thus no closure on the events, and more important no industry lessons 
learned. Two exceptions are the recent report released on the February 2008 incidents 
in Denmark, and the OSHA report on the 2008 accident in Oregon. 

Though industry organizations are funded to set up accident databases and provide 
statistics, they appear to do so only for their members who must be associated with 
the business. The information is not publically available. 

The contribution to safety and to this project particularly by the 
Caithness Windfarm Information Forum, in particular, is gratefully 
acknowledged.  

Authors’ Note, Disclaimer and Invitation:  

Many of the accidents and characterizations made in this report may be subject to a 
different interpretation, and the facts may differ from the information relied upon which 
is believed to be factual. This report has been written without prejudice to the interests 
of any parties mentioned or concerned and the Company and authors shall not in any 
circumstances be responsible or liable for any act, omission, default, or negligence 
whatsoever. 

While we have used our best efforts to provide an impartial report, errors of fact or 
interpretation may have resulted: consequently, an invitation is issued to any readers 
to provide written comment for a limited period of time which will be reviewed for 
possible inclusion in an addendum to this report. Comments may be sent by email to 
msharples@offshore-risk.net. 
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1. INTRODUCTION  

The safety goal of the research is to help the process of allowing safe access to OCS 
Resources to develop renewable energy resources. The Reports in this series were to 
provide a roadmap to achieve this goal. The overall intention of the research is to 
provide a roadmap to achieve a safe working culture, a safe working environment and 
to provide a cost effective technical framework to efficient approval.  

The goal of the research was to chronicle the incidents and accidents of offshore and 
onshore wind farms to learn from experience and use that experience to consider 
which standards, guidelines and procedures should be adopted by the regulator and 
what items the Certified Verification Agent (CVA), provided for in 30 CFR 285, should 
review. The accidents and incidents and near misses are the experience that should 
be part of the CVA’s consideration. With industry involvement and transparency in the 
information on accidents/incidents, the experience can be shared so that future 
accidents/incidents can be avoided, and so that regulatory approvals can be efficient.  

The structures and issues of interest to the establishment of Offshore Wind Farms for 
this study are:  

• Liftboats –observations on site and possibly met towers; 

• Jack-up Vessels for coring, installation and maintenance; 

• Cranes; 

• Access Vessels; 

• Secondary structures e.g.  access items, emergency escape equipment;  

• Transformer Stations for modifying the power for transmission to shore, and  

• Wind Turbine foundations, towers, nacelle, blades and other equipment 

• Subsea cables transmitting power to shore. 

For the wind turbines and towers, particularly, there are the additional issues that the 
structural integrity may depend on:  

• Power, control systems, automated shut-down 

• Lightning, damage from 

• Fire, suppression of 

• Foundations, integrity of 

• Codes – which may not have evolved with offshore wind farms structures in 
mind, and may be applied, with lack of appropriate provisions for structural 
safety.  

By collecting and analyzing the data, insights are gained that will result in 
understandings and learnings to assist the regulator in ensuring that mistakes are not 
repeated when they involved safety, and destruction of the structures. 

While there is a need to study each accident and incident it is also important to 
remember that failures that are not safety related are only of secondary importance. 
The key is to understand which of the apparently secondary issues can escalate a 
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situation. For example, if a failure of a blade can lead to a tower collapse that is a key 
incident of concern; a generator bearing that needs changing is generally of secondary 
concern.  

The Oregon wind turbine collapse (2008), one of the few where there is a 
comprehensive report, points to a number of safety management issues, and may 
have been avoided by a robust Safety Management System. An apparently small 
change in a procedure led to a major structural collapse. This was not the first incident 
with the same cause. Awareness (through promulgation of findings), are an important 
factor in preventing future accidents.   
  

2. SOURCES OF ACCIDENT DATA 

The project was started with the view that a simple form requesting data from the 
various owners, certifiers, industry associations, manufacturers, construction 
companies, and transporters would net information, and coupled together with access 
to OSHA records, internet material and lawsuit records, it would be possible to compile 
a reasonable list of wind farm accidents. As it transpired, we were unable to persuade 
many of these sources to divulge anything but the most minimal of information. OSHA 
records that were accessible were not up to date, and scrounging through the older 
records led to little information tagged to wind farms. Falling off a ladder in the OSHA 
record is just that: its location (e.g. on a wind farm) on OSHA records appears to be 
immaterial. One OSHA presentation on wind farms was cause to call for the author but 
it transpired the records are not kept in such a fashion as to be accessible and tagged 
to wind farms. If the Certifiers had records, they were not accessible: and for most it 
was not even possible to obtain the structure of the database, if indeed it is kept in an 
organized way. There was a significant amount of “summary” information which was 
available from limited sources which form the basis of some of the reporting in several 
sections of this report. Fortunately the summary information appeared to give a 
reasonably consistent picture of the incidents and downtime, from different sources.  

The Caithness (CWIF) database was a good source of data where it had been listed 
and accidents could be located easily. In many cases the website references had been 
closed down and the source information was no longer available. As discussed later, 
the database provided incredibly good information, fairly reported – so much so, that it 
was sensible, after verifying the majority of the data, to provide it as Appendix C, 
rather than try to characterize the data any differently. Further incidents that were 
located, and ones related to our purpose, e.g. offshore, were chronicled in a separate 
listing, and are presented in Appendix B. Additionally, reference to accidents, photos 
etc. formed parts of the compilation of both lists. In most cases root cause is not part 
of the record.  

The problem of obtaining good accident information and statistics is described in a 
report on reliability by Sandia National Lab:  

“The uncertainty associated with component life has direct bearing on the risk 
associated with a wind turbine project. The factors that affect the level of certainty 
are numerous and to some extent unique to the wind industry. First and foremost is 
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the lack of data relating to component reliability. Turbine manufacturers maintain 
records of failures and wind farm operators maintain records of warranty claims 
and associated downtime, but this information is proprietary and is not accessible to 
the public. Even assuming that these data were accessible, one cannot expect that 
the format will be consistent or that the information will include enough detail to 
allow a systematic evaluation. 

It must also be appreciated that although operators will have general information 
on the number of failures and general type, they may not have information on the 
root cause of the failure. This is especially true during the warranty period when, 
unless a serial defect is declared, the turbine manufacturer may not be obligated to 
disclose this information in any detail. The same argument may apply to the turbine 
manufacturer in the case of sub-supplier components, although the manufacturer 
will generally require this information as part of their sub-supplier agreement. 

Several institutions record turbine production and availability data; these are 
TrustPower Limited (New Zealand), Global Energy Concepts (USA), 
Energimyndighet (Sweden), Kema (The Netherlands), Betrieber-Databasis/IWET 
(Germany), and Windturbinepark Zeebrugge (Belgium). The WindStats 
Newsletter collates and publishes this information periodically, and also includes 
more comprehensive data for turbines operating in Denmark, with comments 
describing reasons for downtime. In most cases, the data are self-reported and the 
format is inconsistent between sources. WindStats also publishes a summary of 
component failures for Danish production sites, broken down into broad subsystem 
categories. 

The difficulty in obtaining useful component failure data is compounded by the 
rapid pace of development in wind turbine technology. There exist large fleets of 
similar model turbines, but in many cases detailed changes and revisions have 
been implemented, often in response to serial defects. Many turbine 
manufacturers source components from several sub-suppliers, and although the 
interface may be identical, the details of design and manufacturing process are 
frequently specific to the manufacturer. In turn, the sub-supplier may incorporate 
internal revisions and model variations.”…..” In addition, new technologies are 
being implemented on the next generation of MW-scale machines and many of 
these (for example, direct-drive permanent-magnet generators and carbon-fiber 
blades) are unproven in the wind turbine operating environment and employ 
subcomponents or manufacturing processes that are innovative.” 

[Ref. 1] 

Anecdotal information from some students who had worked wind farms revealed there 
were many near misses for land work, and many unsafe acts, but fortunately they had 
not resulted in any fatalities and minimal injuries and thus do not appear in the record 
of accidents. One issue in west Texas that dogged an installation was that of cows 
stepping on the wind farm blades and causing repairs to have to be made prior to 
installation. 
  
Wind turbines are like most other engineering products such as aircraft, helicopter or 



MMS Order No. M09PC00015                            Database of Accidents,  Failures, and Near Misses

msharples@offshore-risk.net 10

very very expensive cars; designed to operate to high standards of safety when 
knowledgably designed and constructed. For wind farms, there have been a very small 
number of injuries and fatalities to operators. They have often been caused by failure 
to observe manufacturer’s instructions, and standard safety management procedures 
whether or not they were actually in place. No accidents can be considered acceptable 
but they should be viewed in the context of the large number of turbines worldwide, the 
vast majority of which have been operating safely since they were built. Likewise the 
experiences from accidents in India, Japan, Philippines which are subject to cyclones 
and typhoons and thus have similarity to weather issues in much of the United States, 
should also not be ignored as these may lead to changes in fundamental design 
issues. The offshore experiences being chronicled in Europe at the present time, will 
also provide some useful lessons to be learned for application offshore on the OCS.   

2.1 Accident Categories for the Wind Farm Structures 

Accidents don’t always fit into selected categories. Caithness Wind Farm Information 
Forum (CWIF) uses some of the following categories:  

• Fire 

• Fatal  

• Ice Throw 

• Transport 

• Blade failure 

• Environmental (including oil spill) 

• Human Injury 

• Lightning 

• Mechanical Failure 

• Structural Failure 

• Miscellaneous 
…….Etc.  

For the data we compiled additional categories were added: 
  

• Safety Management System (SMS) 

• Subsea Cable 

• Material 

• Quality 

• Electrical 

• Installation Vessel 

• Transformer 
……Etc. 

Some cases were repeated from the CWIF database in the supplemental database for 
specific purposes.  
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During installation and during repair there is the potential of accidents with the 
installation equipment of interest so items such as:  

• Installation Vessel 

• Crane 

• Dropped object  

      were categorized. 

2.1.1 Examples of Categories: Wind Farm Structures 

Environmental – Oilspill down the tower from gearbox  
of wind turbine  (Spain) 

Lightning Strike 



MMS Order No. M09PC00015                            Database of Accidents,  Failures, and Near Misses

msharples@offshore-risk.net 12

Turbine collapse in high wind conditions at the Searsburg, Vermont wind facility, 
9/15/2008.

Fire: Bloomingdale, Minnesota, 2008 Blade Failure (delamination) 

Figure 1: Illustration of Categories of Accidents
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2.2 Examples of Accidents with Jack-up Construction Vessels 

  Name Summary Location Year 

1 Aarsleff Jack Overturned Horns Rev 1999 

2 Wijslift 6 Hull dropped Blyth 2000 

3 Skate II   
Punch-through: hull 
dropped 

Gunfleet 2003 

4 
Excalibur (ex 
Wijslift 6) 

Broken leg North Hoyle 2003 

5 MEG-JB1 Crane collapse North Hoyle 2003 

6 Skate III Wrecked Brighton 2004 

7 
A2Sea Ocean Ady 
(now Sea Energy) 

Leg damage 
Scroby 
Sands 

2005 

8 Octopus 
Ran aground during 
tow 

Orkney 2006 

9 Smit Lisa 
Punch-through: hull 
dropped 

Robin Rigg 2007 

10 JB-104* Capsize, 1 fatality 
Milford 
Haven 

2007 

11 Jakup Wrecked Teeside 2008 

12
Russell W. 
Peterson 

Wrecked, 1 fatality Delaware 2008 

13 Titan 1 
Lost overboard from 
Heavy Lift Vessel 

Atlantic 2008 

In
c

id
e

n
t 

L
is

t 
1

9
9

9
-2

0
0
8

 

14 Dredging barge 
Abandon ship by 
helicopter 
operations 

Mallorca, 
Spain 

2008 

  * JB-104 was not in wind farm service but alongside the dock  

Table 1: Accidents with Jack-up Construction Vessels 
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Name Summary Location Year 

9 Smit Lisa 
Punch-through: hull 

dropped Robin Rigg 2007 

Figure 2: Smit Lisa at Robin Rigg 

Name Summary Location Year 

12 Russell W. Peterson Wrecked, 1 fatality Delaware 2008

\ 

Figure 3: Russell W. Petersen Offshore Delaware 

The Russell W. Petersen event occurred offshore United States and thus is described 
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in detail. Though this event occurred 2 years ago the investigation report by the USCG 
is not available at time of writing. 

“Bluewater officials showed off the company's million-dollar investment today, 
chartering a vessel that will head out to sea this week. The vessel will start a 75-day 
study of bird activity in the area 11.7 miles off Rehoboth Beach, where the 
company's wind farm would be built. The studies will help determine the possible 
impact of 150 turbines on avian life.”  

[Ref. 2]  

“The death of one of the crewmembers of the R/V Russell W. Peterson during 
Monday’s storm has raised questions about the use of the vessel 14 miles off the 
coast of Rehoboth Beach. 

The questions about the seaworthiness and possible problems with at least one of 
the tripod (sic. three) legs that helped to stabilize the liftboat are not being answered 
because no one is talking – not the owners of the ship and not the Coast Guard 
since an investigation is under way. 

A Coast Guard rescue swimmer found one of the crewmembers of the Russell W. 
Peterson dead, possibly crushed by heavy objects, in the galley, when he boarded 
the ship during the May 12 nor’easter. 

As the ship floundered 14 miles off the coast of Rehoboth Beach, the Coast Guard 
received a mayday distress call from the captain at 7:55 a.m. that the ship was 
breaking apart and taking on water. Within minutes, a helicopter from the Coast 
Guard station in Atlantic City, N.J., was in flight and at the location within 45 minutes. 
Rescue swimmer Tye Conklin was lowered from the helicopter, which was hovering 
100 feet above the ship. Petty Officer Christopher McLaughlin, a Coast Guard 
spokesman in Atlantic City, said Conklin found the captain at the helm fighting to 
keep the crippled ship afloat and unable to leave to check on his crewmate. 

With one of two engines failed, the captain was trying to keep the ship from flipping 
over as it started taking on water, McLaughlin said. McLaughlin said conditions were 
rough with some waves topping out at 12 to 14 feet with winds of 45 to 50 mph. 
Conklin found the other crewmember below in the galley covered with debris. 
“Everything that was not tied down was on top of him,” McLaughlin said. “There were 
no vital signs.” 

The injured crewmember was hoisted in the rescue basket first, followed by the 
captain and Conklin together. By 9:30 a.m., the helicopter was on its way to 
Peninsula Regional Medical Center in Salisbury, Md.  The abandoned ship washed 
ashore around noon near the boardwalk in Bethany Beach, and was expected to be 
towed from the shore by the end of the week………Salvage operations are under 
way as Coast Guard investigators try to piece together what happened aboard the 
Russell W. Peterson – a 65-foot liftboat, but considered a small craft. 
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McLaughlin said an investigation is under way to determine the cause of the 
accident. “We don’t know why they were out there in the bad weather,” he said. 
Coast Guard officials said since the Russell W. Peterson was converted to a 
research vessel it is exempt from most of the regulations and inspections as a 
liftboat.  

During the storm, it’s surmised that the liftboat had its three legs, or spuds, anchored 
to the sand, until one broke. “That was what came over the mayday call from the 
captain,” McLaughlin said. The leg at the rear of the boat was the one with the 
apparent problem. In order to make the trip from the Gulf Coast up the intracoastal 
waterway and get under bridges, the owners cut the legs from 105 feet to 70 feet. 
McLaughlin would not comment whether shortening the legs contributed to the 
apparent failure of one. The boat, built in Louisiana 25 years ago, was christened in 
Wilmington on March 29, and arrived at the Lewes City Dock March 31. 

Migratory bird information is one item requiring study to determine Bluewater Wind’s 
proposed offshore wind farm’s potential environmental impact. Bluewater Wind has 
proposed to construct a wind farm off the shore of Rehoboth Beach. 

Before it was converted to a research vessel, the Peterson worked servicing oil 
platforms in the Gulf of Mexico. Liftboats have open decks and barge-shaped hulls 
that are equipped with three large metal legs in a tripod configuration that can be 
lowered to the sea floor. Once the legs are lowered, the ship becomes a working 
platform above the waves. Capt. Collin Clement, skipper of the ship, who was not 
aboard during the storm, said in a previous interview that the boats are 
commonplace around Texas and Louisiana. He also said there is a tilt alarm that 
warns the crews when the legs are down and the boat begins to list excessively. 
“Stability is not absolute. Sometimes you have to get up in the middle of the night 
and level it,” Clement said. 

Dave Morgan, Aqua Survey’s director of engineering and a crewmember, said in a 
previous interview that test borings were done previously to check out the sea floor. 
“The bottom there is very sandy. We’re confident it’s stable,” he said.” 

[Ref. 3]  

From the little information above it appears that all of the items that are mentioned 
would be easily covered in the proposed Safety Management System Template (part 
of this study). The template includes recommendations for site specific approvals and 
the requirement for a safety management system with appropriate qualifications and 
training requirements for the crew. Liftboats on the Gulf Coast had a poor safety 
record before the Coast Guard got involved and established requirements for them. 
This one, not being in oil and gas industry service rendered it unregulated. It will be 
important to review the USCG report on this incident which hopefully will be available 
promptly.

Name Summary Location Year 
5 MEG-JB1 Crane collapse North Hoyle 2003 
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Figure 4: MEG-JB1 at North Hoyle 

Name Summary Location Year 

3 Skate II   Punch-through: hull dropped Gunfleet 2003 

Figure 5: Skate II at Gunfleet

Name Summary Location Year 

2 Wijslift 6 Hull dropped Blyth 2000 
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Figure 6:  Wijslift 6 at Blyth 

2.3 Near Misses  

There are a few items where there was no accident but where there were near misses. 
These are also important since they point to particular items, in the case below to 
marine procedures being inadequate. There was no reported damage as a result of 
this but it is easy to imagine that such a situation can lead to damaging or ripping up 
the marine cable, or could lead to injury and/or los of life.  

“Wind farm workers rescued   4 February 2009

E.on was forced to evacuate its workers to safety from its Robin Rigg offshore wind 
farm after a cable-laying barge broker free from its anchors in stormy seas.   Wind 
farm workers who became stranded on an unanchored barge in stormy seas off the 
coast of Cumbria were rescued, the Maritime and Coast guard Agency said. As pre 
the information available, the 42 workers were aboard the UR101 barge at the Robin 
Rigg wind farm, eight miles west of Maryport, when three of their four anchor cables 
snapped. A spokesperson for the wind farm operator E.ON UK, the electricity and gas 
company, said the 270 ft barge was laying cables between turbines at the Robin Rigg 
wind farm when its anchors worked free in 16 ft seas. It was later anchored to a large 
tug to prevent it drifting. If the operation to re-anchor the vessel fails it will be towed out 
of the turbine field to prevent it colliding with the turbine foundations. Located 9 km out 
to sea in the Solway Firth, between England and Scotland, Robin Rigg will have 60 
turbines once completed and a 180 MW capacity. The firm according to 
newenergyfocus.com, has said it hopes that the construction will not be delayed.” 
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[Ref. 4]  

2.4 Media Hype - Caution

We have diligently searched for incidents and accidents and have not been able to find 
“U.S. Thousands of mishaps, breakdowns and accidents”.  While the industry has had 
issues, the media hype in regards to the issues should be examined in relation to the 
facts chronicled elsewhere. There is an important awareness that needs to be made to 
people/structures in close proximity to wind turbines and review of these incidents and 
accidents will hopefully help that process.  The following example may illustrate:  

Tuesday, October 30, 2007 
Wind Power's other unreliability problem [by Sterling Burnett] 

“People have written at length concerning the numerous failings, weakness and 
drawbacks of the government push for wind power. Most feel that the greatest 
weakness of wind power is its unreliability or, more accurately, its intermittency. 

A second reliability problem has drawn little attention despite a worthwhile feature 
story that ran in Business Week in August. 

Business Week's story ran in the aftermath of the late August collapse of a wind 
turbine in Sherman County Oregon which killed one worker and seriously injured a 
second. While this is may be the first recorded death from a wind turbine collapse, it 
is not the first recorded failure (This does not count any big rigs carrying wind 
blades or towers that have wrecked killing or injuring either the driver or other 
vehicle drivers and passengers). The European experience is instructive, because 
they have much more experience – both in years and numbers of turbines – than 
the U.S. Thousands of mishaps, breakdowns and accidents have been reported in 
recent years. Gearboxes atop of the towering masts have short shelf lives, often 
failing in less than five years. After only limited operation, fractures have been found 
both in the rotors and in the concrete foundation anchoring the towering turbines. 
Short circuits and overheated propellers have caused fires. And all this despite, as 
Business Week reports, “manufacturers' promises that the turbines would last at 
least 20 years.” This is adding to the expense of wind power. Delivery of new rotor 
mounts can take up to 18 months (all the while the turbine(s) sit idle). And new gear 
boxes can cost up to 10 percent of the original construction cost. With many of the 
wind facilities up for new insurance coverage, insurers are now balking at providing 
new coverage without regular maintenance agreements and at much higher prices. 
One insurer reported more than 1000 claims alone in 2006, not including uninsured 
malfunctions and breakdowns. While there have been no deaths from mechanical 
failure of wind turbines in Europe, in 2006 alone the incidents that have occurred 
hint that such a result may only be a matter of time. In one incident, in the city of 
Trier fragments of a broken rotor blade landed on a road shortly before rush hour 
traffic. In another mishap, two wind turbines caught fire near Osnabrück and in the 
Havelland region while firefighters could only watch since their ladders weren’t tall 
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enough to reach the fire. And in Schleswig-Holstein, a 230-foot tall wind turbine 
folded in half in -right next to a highway. 

[Ref. 5]  

2.5 Sources of Data and Details 

• Caithness Windfarm Information Forum (CWIF): 
www.caithnesswindfarms.co.uk.  

The detailed table they provide includes all documented cases of wind turbine 
related accidents which could be found and confirmed through press reports or 
official information releases up to 31 December 2009. CWIF believe that this 
compendium of accident information may be the most comprehensive available 
anywhere.   

“Caithness Windfarm Information Forum - CWIF - is run by a group of people 
concerned about the proliferation of windfarms in Scotland, particularly the 
Highlands and more particularly Caithness and Sutherland”. 

While the above quote is their stated goal their work is certainly of assistance to 
many organization who use the data and quote it. 

Information consists of Accident type, Date, Location, State/Country, Turbine 
Type/Size, Brief Details, Information Source, and a Web Reference Link.  Total 
incidents as of Dec 2009 stood at (715); 

• Industrial Wind Action Group: www.windaction.org. “Industrial Wind Action is 
dedicated to providing information on industrial wind energy to enable 
communities and government officials to make informed decisions”.

Their categories are limited but include: 

o Icing   
o Injury  
o Structural Failure   etc. 

Information consists of news media reports, and information from the internet, 
publications and photographs and many of the detailed stories of incidents; 

• National Wind Watch www.wind-watch.org– contains many of the detailed 
stories of incidents and many of the photos of incidents.

• BWEA British Wind Energy Association (185 reports as of 2006/7) for Members 
only and Members must be involved in the industry as Manufacturers [Ref. 6];  

Input consists of information gathered on incident details, location, phase, work 
process, competence, time on shift, injury, damage etc. and whether low, 
medium or high impact potential. As of April 2007 there were only 15 
companies participating mainly representing UK operating wind assets;  

• AWEA American Wind Energy Association – said to be working on one, but no 
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information was provided; 

• International Association of Engineering Insurers, IMIA: www.imia.com G-Cube, 
Munich Re, Swiss Re & other Insurers gather data, and though this was not 
able to be released they provided some summaries of some the issues in 
conference papers;  

• Manufacturers (for their manufactured turbines primarily, but not publically 
available); 

• Certification organizations – e.g. DNV, BSH, GL, (for their certified equipment it 
is said that root causes are examined but not publically available); 

• Department for Business, Enterprise & Regulatory Reform (in Reports produced 
for UK subsidized wind farms) The Offshore Wind Capital Grants Scheme, Dept 
of Business Enterprise & Regulatory Reform (BERR), UK present annual 
reports of UK wind farms and many times provide a list of accidents/incidents in 
the year. These turned out to be most helpful as a very good source of data and 
lessons learned. The organization has been renamed to the Department of 
Energy and Climate Change (DECC) and future annual reports will appear on 
their website. 

• Death’s Database, Paul Gipe (limited information) www.wind-works.org (36 
reports to 2006); 

• Bundesweite Datenbank Der Windrad - Unfälle reported (in German - 
"nationwide databank of wind turbine accidents) however it appears to be shut 
down at the time of writing [Ref. 7];  

• POWER: Case Study: European Offshore Wind Farms [Ref. 8].  A survey for 
the Analysis of the experiences and Lessons Learnt by Developers of Offshore 
Wind Farms (part of the POWER (Pushing Offshore Wind Energy Regions). 
Deutsche WindGuard GmbH, University of Groningen – yielded a number of 
good datapoints and is excellent reading and contains very useful information in 
terms of lessons learned; 

• A source of photos and root causes, without case references, was obtained in a 
publication VdS 3523EN [Ref. 9] - a European standard put out by a group in 
Germany.  

• Windpower Monthly Magazine kept articles that were particularly helpful but 
required a subscription which was well worthwhile and covered events outside 
of Europe and America. 

• A listing of crane accidents provided a few useful cases although it required a 
subscription:  http://craneaccidents.com.  Lifting accidents from anecdotal 
information are probably not well chronicled.  

• The website http://ventdubocage.net/accident.htm yielded some useful photos 
not found elsewhere. 

• Legal cases involving wind farms were mined, and yielded a few cases where 
technical issues were part of the claim. We do not claim this is comprehensive 
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but it gave an idea of what sorts of accidents occurred e.g. transporting blades 
where the truck went off the road; nacelles catching fire in ports in Texas when 
welding/cutting tie-downs etc. We had limited access to the legal intelligence 
but this is an area that could be mined for further information – our issue was 
that it took a lot of time to separate technical cases from employee lawsuits and 
contractual lawsuits, nonetheless we reported some. 

• And many other newspaper sources, magazines etc. 

Compilations of reliability data are helpful in understanding accidents:   

• ISET  Institut fur Solare Energieversorgungstechnik e.V. was founded 21 years 
ago, ISET is now part of the new Fraunhofer Institute for Wind Energy and 
Energy System Technology (IWES).  

http://www.iset.uni-kassel.de/pls/w3isetdad/www_iset_new.main_page 

http://reisi.iset.uni-kassel.de/wind/reisi_dw.html - contains much of the data 

• WindStats www.windStats.com – a very interesting database on reliability with 
data on a number of turbines including (in 2006) 5280 in Denmark, 17940 in 
Germany and 769 in Sweden and some in other countries including New 
Zealand. The reports include information on the number of stops and the hours 
stopped. While this is reliability data it relates to failures though the reason is 
not documented. Our enquiries have led to the opinion that no such data is 
collected in an organized way on such a large number of wind farms in the US.  

Construction vessel accidents and accidents from similar vessels involved in 
construction were made available through a jack-up working group involved with 
offshore drilling jack-ups. Much can be anticipated about incidents and accidents by 
looking at the track record of jack-ups in the North Sea and liftboats in Gulf of Mexico. 
Several incidents in Europe are also instructive.  

• Jack-up information is kept in databases primarily related to the offshore oil and 
gas business including those of GL Noble Denton (not publically available) and 
others. 

• DNV keeps a useful database on offshore accidents called WOAD (Worldwide 
Offshore Accident Database) focusing on the offshore oil and gas vessels which 
is for sale through a subscription.

None of the databases had considered root cause. In most incidents there is a news 
report or company news release but no further information. Scanty information is 
sometimes obtainable from company annual reports.  Lessons can’t be learned if there 
is no root cause to know what was learned. 

Many of our sources were later eliminated from internet postings. For example there 
were some photos of wind turbines on the www.sgs.com website showing corrosion 
issues with 2 windfarms that we were able to capture: we were unable to locate the 
same information a month later.  
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While the work was on-going it was possible to gather information daily to add to the 
list. 

3. INSURANCE SOURCES AND INSIGHTS  

3.1 Munich Re Insights 

Munich Re is a reinsurance company based in Germany but involved in worldwide 
operations. Their insights are useful:  

“It is not clear how offshore wind parks will survive severe storms. The experience 
with onshore plants is contradictory: in one case in India 40% of the wind turbines 
were demolished by a cyclone. In Denmark, on the other hand, the gale Anatol 
merely destroyed 13 older plants out of a total of 3500 installed plants. The 
probability of storms occurring is appraised by experts in Munich Re’s Geo Risk 
Research Department. One storm scenario which they have developed for Germany 
with a probable return period of one hundred years shows that such a storm will 
pass through precisely the area where offshore wind powerplants are being 
planned, for that is where the wind is strongest.” 

[Ref. 10] 
  

“Exceptional storms sweeping over wind farms have also affected onshore 
installations. In 1998, for example Tropical Cyclone 03/A destroyed 129 or 40% of 
the 315 wind turbines at a wind farm in India.”  

“Accidents can still happen though. For instance a ship at the Horns Rev wind farm 
tore the heavy power cable in a row of wind turbines with its anchor. The ensuing 
repairs cost much more than a comparable repair job onshore.” 

 [Ref. 11] 

Another interesting article by Munich Re discusses the methods that are used in 
Europe to minimize accidents and is worthy of note. This is instructive when 
determining the CVA role.  The article refers to Munich Re’s marine warranty surveyor 
and there are a variety of marine warranty surveyors available in the United States 
who work on behalf of insurers to prevent losses in the marine and offshore oil and 
gas world.  

Marine warranty survey – Safety on rough seas 1 September 2009 

“To ensure the safety of the components of offshore wind farms during 
transportation and particularly during installation, the operators of wind farms use 
independent experts. These experts, known as "marine warranty surveyors", 
provide support for risk mitigation at work – and are now standard in the offshore 
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wind power sector.  

Despite the relatively small number of offshore projects that have been completed, 
insurers already have extensive claims experience. As the various manufacturers’ 
plant concepts differ substantially, there are not yet any meaningful risk statistics. 
This highlights the need to critically analyse every individual offshore project, assess 
it with respect to insurance criteria and quote for it individually. Munich Re’s know-
how in the offshore sector means that it can offer risk-commensurate coverage 
concepts and thereby make a considerable contribution towards risk minimisation in 
promising offshore projects. In addition, the collaboration with marine warranty 
surveyors that we demand adds significantly to safety during the construction and 
operation of offshore wind power plants. Most insurers of offshore wind power 
projects require them to be used as an essential prerequisite for the insurability of 
projects.  

One of the leading certification bodies for wind power plants is Germanischer Lloyd. 
We asked Gabor Bohner, Manager of the Marine Operations Department at 
Germanischer Lloyd in Hamburg, about his experience of the risk situation in the 
offshore market.  

There has recently been a lot of damage to offshore wind power plants during 
transportation and installation. Why?  
Gabor Bohner: Transportation and erection at sea are very complex operations. In 
most cases, the prescribed weather restrictions are not adhered to, or unauthorised 
equipment is used. But sometimes the cause of damage is also simply human error.  

At what points can you identify risks in advance and help to reduce losses?  
Gabor Bohner: Our long-term experience as independent marine warranty 
surveyors are the ideal complement to the insurers’ coverage concept. 
Germanischer Lloyd basically checks all relevant documents for the project, such as 
the shipping documents. Our qualified warranty surveyors also monitor every 
operation on site themselves. In this way we prevent risks before they arise and can 
protect investments. We see the biggest risks in the stability of the transport barge, 
the bollard pull of tugs, the offshore capacity of cranes and the equipment of the 
cable-laying vessel.  

A number of mega offshore wind power plants are planned over the next few 
years. How will the claims situation change?  
Gabor Bohner: The companies operating offshore will acquire vast experience in the 
years ahead. The equipment used for transport and installation, such as barges, 
ships, cranes or cable-laying vessels, is also becoming more sophisticated. I am 
therefore firmly convinced that there will be fewer losses per wind power plant in 
future. However, it is possible that the high number of new projects will lead to a 
worse claims situation overall. Consequently, high quality standards on the part of 
all companies involved and well-trained personnel will be particularly important 
parameters for insurers and marine warranty surveyors 

[Ref. 12]
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The marine warranty surveyor role is somewhat aligned with the interests of the CVA. 
Thus the roles and what is being checked may avoid some duplication in a particular 
project. Their interests are not, however, completely aligned. The marine warranty 
surveyor does not concentrate greatly on fabrication, quality control, or longterm 
material  issues, but does concentrate on loss prevention often just until the end of the 
installation period. Their scope may only relate to the construction phase and any 
reliance of the CVA on marine warranty surveyor opinions should ensure 
understanding of the specific role in the project. 

3.2 International Association of Engineering Insurers (IMIA) 

   www.imia.com

Several reports from these underwriters highlight their main concerns - they are very 
acutely aware of the risks from various technical issues – so we quote some of their 
information:  

“The worst possible scenario is if one of the underwater cables connecting the 
offshore wind farm to the mainland is breached by trawling or a marine accident. In 
such situation a whole wind farm is prevented from delivering its power to the 
mainland. The cost of re-establishing the marine cable and the bill for consequential 
loss can be astronomical.”  

One of the issues about assembling data is aptly illustrated by the report in this 
document about a fire in an offshore wind turbine. There is no specific date or other 
information to tag it to the database – nevertheless some information is better than 
none: 

“The entire nacelle was destroyed by fire, and there was damage to the upper tower 
section and blades. The cost of repairing the damage and consequential loss is 
estimated at EUR 2 Mill., of which 30% was for the hire of equipment necessary for 
carrying out the repair. It has been established with great certainty that the cause of 
the damage was a fault occurring at the time of installation, made by the contractor 
who erected the turbine”.  

[Ref.13] 

There is, however, no “lessons learned” offered since it is not stated what the fault was 
that caused the fire or even if there was fire detection and protection in the turbine at 
the time. (A construction fault was also stated to be the cause in Case C20090306.1 
chronicled in the Caithness data).  

The report goes on to say:  

“Unfortunately after a few years of operation, many of the 600-kW and 750-kW wind 
turbines turned out to suffer from defects and errors in design, manufacture or post-
installation. A lot of faults occurred in gear and on blades. Claims were usually 
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covered by the manufacturer’s warranty. The cost of repairing damage caused by 
defects and errors was extensive. At an early stage of its development the wind-
turbine industry was plagued by serial defects – but it was nothing compared with 
the current high level.   

Noting that this is a 2002 report.  
[Ref. 13] 

It is interesting to note that Vestas' Annual report 2008 states: 

”In 2008, Vestas made warranty provisions of EUR 240m corresponding to 4.0 
percent of revenue, against 5.0 percent in 2007” 

”For 2009, warranty provisions are expected to amount to 3-4 per cent of revenue. 
At the end of 2008, total warranty provisions amounted to EUR 183m.  

It is not clear whether these are costs outside of insured provisions. Insurers often 
cover the first of an incident but not a series failure for subsequent units. The 3-5% 
provision gives a good estimate of the likely issues that may arise. The contracts are 
primarily for a 2 year period; however, some extend to 5 years. Since the likelihood of 
failure does not decrease over time and may increase over time, the expectation of 3-
5% of failure may be a reasonable figure.  

Likewise Gamesa Annual Report 2008 states:  

“Gamesa’s warranty period is established at two years and the costs associated 
therewith represent between 3.5%  (Spain) and 4.5% (abroad) of the unit’s sales, 
depending on the market in which the turbines are sold.”

IMIA [Ref. 14] give some information on characteristics of an example project (Horns 
Rev): 

“The wind farm consists of 80 2 MW wind turbines. The wind park is located 14-20 
km off the coast at a water depth of 6-12 meters. In winter, weather conditions are 
often severe, with strong winds and waves up to 14 metres. The distance between 
the wind turbines is just over 500 metres. The time of erection was estimated at two 
years with limited activities in the winter period 

The project was not completed on time, and the erection all risks insurance cover 
was extended several times.  

During the period of erection, (2002) eight recoverable claims were reported, of 
which six related to the erection phase, one resulted from a stroke of lightning and 
one from storm damage. Of the erection claims, one claim was for damage to the 
sea cable to the wind turbine, by far the largest individual claim to have occurred 
during the erection of the wind farm.  

Total claims amounted to approx € 2.5m, of which the storm and lightning claims 
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accounted for approx. 3.5%.  

Total claims incurred:  
• Repair - direct payroll costs and costs for new component or repair of 

damaged property 12% 
• Costs incurred in connection with disassembly and reassembly of damaged 

parts 3% 
• Costs incurred in connection with mobilization and demobilization of 

contractor ships 31% 
• Costs incurred in connection with hiring contractor ship with crew 54%” 

Additionally, 

“The main differences of offshore turbines compared to onshore installations of the 
same type with the identical performance can be concluded as follows: 
  

• Extended measures for corrosion protection of mechanical and electrical 
equipment and special facilities for dehumidification 

• Metal cladding and special design of the machine housing 
• Different location of the transformer and the frequency converter offshore wind 

turbines in the nacelle and onshore wind turbines in the foot of the tower 
• Redundant and automatic cooling system 
• Special facilities for service at sea (i.e. crane) 
• Facilities for extended condition monitoring which allow extension of periods 

between maintenance works.  

As a result of such special features the weight of offshore turbines becomes higher 
than the weight of onshore machines. This means an extended effort during erection 
by use of specific erection equipment.  

Obviously manufacturers try to compensate for the increased weight by changes in the 
construction of components where possible.  

As an example, the weight of the gearbox of a 2.5 MW turbine of a specific type is in 
the onshore version 500 kg less than in the offshore version.” 

The experience with losses is also interesting:  



MMS Order No. M09PC00015                            Database of Accidents,  Failures, and Near Misses

msharples@offshore-risk.net 28

Figure 7: Breakdown of Accident Causes 

Figure 8: Breakdown of Component Damages 

[Ref. 14] 
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The IMIA report points to the issue of subsea cables in particular being an area 
needing careful attention to prevent insurance claims: 

“The following problem areas have been encountered: 

• Inexperience on the part of the team monitoring and supervising offshore cable 
installation (e.g. relating to the speeds and drag forces involved); 

• Weather conditions, weather forecast;  
• Lack of communication between manufacturer and installation contractor;  
• Poor route selection and site survey;  
• Unrealistic permit conditions;  
• Inadequate design/contingency planning (water blockers/ seals)’  
• Poor cable condition (e.g. armouring not sufficiently substantial)”.  

[Ref. 14] 

For Global Wind Energy, which contributes to IMIA, some 20% of their claims were 
from gearbox issues. A photo in their presentation is given below showing a collapsed 
turbine, though the date and details are not noted: 

  

[Ref. 15] 

While the transformers in the following remarks are not from the wind farm industry an 
interesting study carried out by IMA showed the failures of transformers over 94 
reporting when claims for transformers was running high. It may give some insight into 
expected claims in the future for the offshore wind industry as well. [Ref. 16] 
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Cause of Failure Number Total Paid 
Insulation Failure 24 $149,967,277

Design/Material/Workmanship 22 $64,696,051
Unknown 15 $29,776,245

Oil Contamination 4 $11,836,783

Overloading 5 $8,568,768
Fire/Explosion 3 $8,045,771

Line Surge 4 $4,969,691
Improper Maint/Operation 5 $3,518,783

Flood 2 $2,240,198

Loose Connection 6 $2,186,725
Lightning 3 $657,935

Moisture 1 $175,000
Total 94  

   

Table 2: Transformers: Causes of Failures 

Another IMIA document reports as follows:  

“Gears must be easy to maintain, and replacement of components must be possible 
without removing the whole gear assembly. Gear lubrication must be optimum; this 
should include forced lubrication of all bearings and gear cogs, with conditioned oil 
being fed to critical points and harmful particles removed by filtration. The 
installation should be fitted with both inline and offline filters. Filtration of gear oil 
should ensure a purity of 17:15:12. “ 

“Unfortunately, after a few years in operation, many of the 600-kW and 750-kW wind 
turbines turned out to suffer from defects and errors in design, manufacture or post-
installation. A lot of faults occurred in gear and on blades. Claims were usually 
covered by manufacturer’s warranty. The cost of repairing damage caused by 
defects and errors was extensive.  

At an early stage in its development, the wind-turbine industry was plagued by serial 
defects –but it was nothing compared with the current high level.  

Repairing damage to gears and blades, in addition to being expensive, is often a 
very complex process. Large cranes are necessary, and replacing large 
components requires good-not-windy-weather conditions.  

The cost of repairing serial defects (and still is) a very heavy burden on the wind 
turbine industry and its suppliers. Only the large wind turbine manufacturers can 
overcome the economic problems and find acceptable technical solutions. Some 
manufacturers are finding that the job of repairing serial defects is continuous. “ 

[Ref. 13] 
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3.3 Changes From the Historical Incidents: 

Insurers have influenced the improvement of technology together with the industry. In 
the research there were very many studies which provided technical solutions often 
funded by government entities mainly in Europe. The German activities with insurers 
and others have yielded many changes as chronicled by IMIA.  

“Some specific changes:  
• The so-called open generators are no longer used, and this has reduced the 

occurrence of corrosion damage caused by humidity. 
• The gearboxes have been developed in relation to their ability to resist impact 

caused by changing speeds. 
• The gear wheels in the gearboxes now have inclined toothing to increase power 

transmission and reduce noise. 
• The gears now have oil coolers to extend the intervals between oil changes and 

increase the useful lives of the gears. 
• The noise insulation in the nacelle was previously flammable but has now been 

replaced by flame-retardant materials. 
• The disc brakes have been shielded so as to avoid a scattering of sparks in the 

nacelle. 
• The brake strategy has been changed so that the generator is disconnected 

from the grid as late as possible in order to use the energy of the generator to 
slow down. 

• The rotor blades now have lightning conductors as the risk of lightning cannot 
be minimized merely by insulation. By means of the so-called receptor method 
the electric charge from the lightning is captured by a receptor built into the tip 
of the blade, diverted from the vital parts of the turbine and taken through the 
tower construction to the ground. 

• And lastly, modern wind turbines allow the remote monitoring for ongoing 
control of the vital components.” 

“Damage 

The table below, which does not necessarily reflect the risk situation in other countries, 
is based on 15 years of experience in Denmark. The figures come from wind turbine 
claims for which repair work began within 24 hours of damage having been 
discovered, and for which access was readily available. 
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Type of Damage % of Number 
of Claims 

% of Cost of 
Claims 

Mechanical 40 40 
Lightening 20 25 
Fire 7 9 
Storm 4 2 
Others (short circuit etc). 29 24 

Table 3:  Type of Damage (IMIA)  

“Mechanical damage The most frequently occurring type of mechanical damage is 
damage to gears. Damage may happen to bearings due to breakdown or wear 
(pitting), backlash and tooth breakage. These types of damage usually occur due to 
defects in material, fatigue, the use of wrong oil or wrong oil temperature, vibrations 
and overloading….  

…more serious types of damage which  involve the lifting of major spare parts up to 
the nacelle, often find a more worthwhile solution in a replacement of a gear, as this 
will reduce interruption time and requires only one call for a crane.  
  
Mechanical damage may also happen to the rotor blades. So-called edgewise 
vibrations which arise in case of an (unfortunate) combination of a specific 
temperature and a certain wind speed may cause the rotor blades, and even the whole 
wind turbine, to start shaking to the point where, in the worst case, the result is a total 
loss…... Edgewise vibrations can be avoided if the safety system of the turbine has a 
feature enabling it to stop the turbine automatically if it registers too large vibrations.  

Damage by lightning is the second most frequently occurring type of damage. 
However, the extent of damage differs widely from one case to the next. Damage by 
lightning can be anything from a case of minor damage to the electric control panels to 
a case of total damage to rotor blades, gearbox, generator, and control system. 
Damage by lightning may be followed by consequential damage to machine parts and 
generator due to, among other things, ‘wounds’ caused by the electric charge of the 
lightning. Failure to install protection against lightning will cause the electric charge to 
travel through rotor blades, gearbox, generator and to the control panel where it may 
cause considerable damage. 

“Damage by fire in wind turbines is usually caused by overheated bearings, a strike 
of lightning or sparks thrown out when the turbine is slowing down. The possibilities of 
fighting a fire in a wind turbine are often severely hampered due to the height of the 
tower, …. Consequently, even the smallest spark can easily develop into a large fire. 
Fire in wind turbines usually lead to a total loss of nacelle and rotor. “ 
[Ref. 13] 

An IMIA Report which was authored by Codan Insurance Risk Engineer Truels Kjer 
September 2007 is an excellent background to some of the casualties where root 
causes were determined [Ref. 17]. Pages from this report are produced in Appendix A. 
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3.4 Secondary Structures 

Not much has been written about Secondary structures but they have significance to 
safety and access. The appurtenances such as the boat landing or J-tubes being 
damaged by attending boats is a feature than has been spoken about by an insurer at 
a recent conference. According to his presentation there has been damage because 
the clips such as shown in Figure 9 allow upward load, and the waves reached up to it 
and lifted it from the retainers. This effect and other secondary effects of collision by 

attending service 
craft had apparently 
been 
underestimated in 
the early offshore 
turbine towers. He 
cautions that they 
have had claims on 
these secondary 
structures. There is 
a need to provide 
better estimates of 
these potential 
loads and design 
for them.  

Figure 9: Secondary Structure 

In Europe some of the offshore wind 
farms have a safety zone designated 
around them and a device installed to 
give an auditory warning to ships in the    
area. 

Figure 10: Safety Warning Alarm 

The detection takes place when a ship crosses into the safety zone. A warning 
message is sent to the ship via the AIS (Automatic Identification System) and an 
auditory alarm given. Safety zones for oil and gas structures in the United States are 
given (and noted in the CFRs), to high production platforms. There has, so far, been 
nothing published on the intent for offshore wind farms in the US. 

[Ref. 17] 
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3.5 Subsea  

Figure 11: Kinks in Subsea Cables 

[Ref. 18] 

In a recent presentation one of the Danish insurers [Ref. 17] commented on the 
losses they have received from the subsea cable equipment incidents. He 
commented that the Cable is complicated piece of equipment; every part of handling 
the cable has to be done with an enormous amount of care and he expressed 
concern about the decision of one Captain of the cable laying vessel that had 
disconnected when weather was marginal and dropped the subsea cable to run 
for safety.  

There have apparently been very many examples of cable damages both during 
the laying of cables, and from traffic after the installation. Apparently jack-ups 
have jacked up on cable that has just been laid, and anchors of laying vessels 
have tangled with the cable being laid. Another issue was that of creating kinks. 
There is an important experience factor in maneuvering the ship around the 
turbine with typically 6 anchors. It is very easy to get a kink into the line 
particularly when preparing to install the cable through the J-Tube, and unkinking 
is a major exercise requiring special skills. Finally the presentation warned that 
one should always be prepared for a problem leaving spare cable along the line in 
case of a break (since it’s necessary to pull the cable up, cut the ends back (due 
to water ingress), and join the cable). Contractors need to be pre-arranged and 
on-call to respond in the case of an incident. The construction of the cable can 
have features which prevent kinking according to one expert [Ref. 19]. 

As one example in the installation of the Middelgrunden subsea cable there were 3 
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accidents with damage to the subsea cables [Ref. 20].  

A report gives the following which does not directly chronicle the accidents but uses 
the experience to site the solution to cable installation issues, which itself is useful.  

“Cable Installation” 

“There has been a poor history of cable installation so far for offshore wind projects. 
Cable damage and/or subsequent cable problems or failures have occurred in the 
majority of projects. Even large interconnector projects such as Nor-Ned (Norway to 
Netherlands) and Basslink (Australia to Tasmania) have had delays due to cable 
installation related issues.  

These issues can be mitigated by the following measures: 

• Good cable route engineering, to ensure that the route avoids known key risk 
areas (such as ship anchorages and explosives dumping grounds), whilst not 
adding significantly to route length. 

• Thorough ground investigation campaign(s) to inform the supply and installation 
specifications. 

• Production of appropriate burial specifications based on an assessment of those 
external risks and ground conditions. 

• Selection of contractors with good track record and sound financial standing. 
• Ensuring that the proposed installation spread (vessel, handling and burial 

equipment) is ‘fit for purpose’ for the project in hand. 
• Linking the cable supply and installation contracts to other construction contracts 

through robust interface management. 
• Use of experienced client representatives during cable installation. 

 [Ref. 21]
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4. TROPICAL REVOLVING STORM EXPERIENCE 

The reason for looking to Indian, Japan, Taiwan, and Philippines for incidents is that 
they experience cyclones, typhoons (tropical revolving storms) much like the 
hurricanes in the United States. They are generally more severe and much more 
frequent. There is an additional issue of winter lightning in Japan.  

4.1 India 

In 1998 Tropical Cyclone 03/A destroyed 129 or 40% of the 315 wind turbines at a 
wind farm in India. 

Figure 12: Gujarat, India 1998  

Approx. 40 MW was damaged during the cyclone of May 1998.  

[Ref. 22]  

Another report gave the following view:  
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"The area presented a staggering picture of wind turbines totally uprooted from the 
base, blades scattered around, generators on the ground," says wind consultant Dr 
A Jagadeesh, who travelled to view the scene of devastation from Nellore in 
Andhra Pradesh. Towers in many cases had crumpled, bringing nacelles crashing 
to the ground, he reports. Power lines linking the wind farm to the grid were still 
down last month……” 

“Unlike its countrymen, Südwind suffered badly with 24 of its 38 turbines knocked 
out of action. The S33 is certified by both German and Indian authorities. Once the 
grid was down, the yaw systems were unable to turn the machines out of the wind, 
says the company's Martin Kühl, though this might not have been an important 
factor. "During the cyclone the wind changed direction by as much 180 degrees in 
fractions of a second," he says. Loads on the turbines were over seven times 
greater than design loads, he says. Südwind has asked Germanisher Lloyd to 
report on the failures. 

A major lesson from the catastrophe is that new standards have to be set for 
weather conditions in India, Kühl believes. "Standards for Europe shouldn't 
simply be copied by countries in other parts of the world."  

Commenting on the total failure of all seven NEG Micon turbines, company director 
Jens Erik Kristensen says winds were so strong at the centre of the cyclone that 
nothing could have withstood them -- and the Micon units were directly in its path. 
All the machines were under one year old, but they were subject to loads way 
beyond their design criteria. "We are talking here of wind strengths which only 
happen once in the course of hundreds of years," says Kristensen. 

Vestas' Johannes Poulsen echoes Kristensen's words, calling the cyclone "a 
terrible and atypical situation where so far we have found that winds were over the 
survival speed of 54-56 m/s the turbines were built to withstand." Vestas has 
subsequently raised its wind speed safety margin, he adds.”

[Ref. 23] 

A further report:  

”Recent letters (November 1998) continue the debate about the failure of wind 
turbines in the recent cyclone in India. Were the wind speeds much higher than 
could have been anticipated or were some of the wind turbines simply not 
sufficiently robust? 

Your report of the cyclone (September 1998) describes the wind as gusting to 70 
m/s. In the context of UK wind farm sites, the maximum design wind speed (three 
second gust likely to occur once in 50 years) could exceed 70 m/s for many 
Scottish sites and could approach 65 m/s on some English and Welsh sites with 
significant topographic features. 
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I believe that a critical factor in the failures in India is that the grid also failed. If this 
happened at the height of the cyclone, then turbines would move to the downwind 
position as the cyclone raged, with blades feathered in the case of pitch regulated 
machines. Yawing could be slow enough that the full force of the wind would hit the 
side of the nacelle and across the full face area of the feathered blades. In this 
case, the tower top loading could be significantly higher than for the "following 
wind" condition and the robustness of any wind turbine would be tested to the full. 

Wind turbine manufacturers would be well advised to check that this load case has 
been included in their design calculations.  

[Ref. 24] 

The issue which is referred to here is that of the nacelle having to maintain its direction 
in tropical revolving storms and when there is loss of power to the grid, it no longer can 
do that. This results in loads which have not been designed for, and perhaps there 
should be consideration of this issue for tropical revolving storm areas particularly for 
offshore applications.  

4.2 Japan 

There have been a very few reports published accessible and several attempts were 
made to contact the writers of technical papers for more information on Japan’s 
accidents but without limited results.  

“July 2, 2007 by Hisashi Hattori in Asahi Shimbun 

Power-generating wind turbines will soon have to comply with tough new 
technical standards to ensure they can withstand typhoons, lightning strikes and 
other extreme weather conditions. 

Wind-power generation is a major pillar in the government's push to use 
alternative energy sources to fight global warming. In recent years, however, 
storms have caused extensive damage to many wind turbines. 
International standards drawn up in Europe are not sufficient to protect wind 
turbines from Japan's weather patterns, according to officials of the Nuclear and 
Industrial Safety Agency, an arm of the Ministry of Economy, Trade and 
Industry. 

Officials have resolved to introduce new standards of durability for the giant 
structures by fiscal 2008. Currently, wind turbines need only satisfy a stipulation 
in the Electric Utilities Industry Law that they be "structurally safe" against 
strong winds. 

However, there is nothing to regulate how they should be designed to cope with 
thunder and lightning. 
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In 2006, about 75 percent of the wind turbines in Japan were foreign made, 
although local manufacturers are now rapidly entering the market. 
In fiscal 2005, there were 100 cases of malfunctions and accidents reported 
in a survey of 900 wind turbines by the New Energy and Industrial Technology 
Development Organization (NEDO). 

The survey found that 38 cases were caused by natural phenomena, in 
particular strong winds and lightning strikes. 

Twenty-five were due to faults in construction or manufacturing, and four were the 
result of poor management. In 33 cases, the causes were unknown. 
Wind turbines stand about 100 meters, making them vulnerable to lightning strikes. 
Wind-power generators facing the Sea of Japan in the northwestern Tohoku 
and Hokuriku regions are hit by lightning strikes each winter. 
As a result, they experience at least four times as much damage as similar 
structures elsewhere. 

In addition, 13 percent of the reported damage was caused by powerful winds in 
years when many typhoons hit Japan. Wind turbines apparently are especially 
vulnerable to sudden gusts of wind. 

Mitsubishi Heavy Industries Ltd. and other domestic manufacturers of wind-
power generators have already adopted designs in their new models that cater 
to Japan's weather conditions. 

NEDO officials will study weather patterns, strong winds and thunder in 
particular, on a nationwide basis so as to compile a report by the end of 
this fiscal year.” 

[Ref. 25] 

“Data collected from one winter season in Japan alone reveals losses of horrifying 
proportions. In just one season, and just one area of Honshu, at least 55 machines 
had blades destroyed by lightning. The total estimates [that] one year loss for those 
machines exceeded $5.5 million, and the cost of prevention is approximately one 
half that value”. 

[Ref. 26] 

An interesting paper on turbines failing in Japan was reported [Ref. 27, Ref. 28].  
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Figure 13:  Failure of 7 Turbines in Japan in Typhoon Maemi (2003) 

• Turbine failure rate in Japan is 3 times that of Denmark 

• Gust winds experienced about 7 times larger than IEC guidelines. 

• Source: Suguro (MHI) [Ref. 29, Ref. 30, Ref. 31]  

Design load cases call for alignment of the wind turbine to various yaw limits leading 
to an important assumption which is not customary on most structures: that the 
structural survival of the tower may depend on electrical power, control systems being 
operational, as well as load cases particular to the location being considered.    

An interesting report on  failures from Typhoon Miyako is reported on the issue of the 
yaw control: 

“The wind turbine failures in Mikyako have been well investigated by several 
groups. They detected that the direction was different between tower falling and 
rotor about Karimata No. 3 and Nanamata No. 1. And the electric stems were 
broken and power failed former than wind turbines broken. When typhoon passed 
through, the wind direction changes from North to Southwest for 3 hours. From 
these evidences, these turbines would lose yaw control, then subjected to the side 
attack of strong gust and broke. This experience shows the importance of wind 
turbine protection against power failure.” [Ref. 29].

The paper concludes that the turbines were indeed overloaded beyond their design 
values, but points out some other interesting aspects: 

“Following points were learned and should be useful in wind turbine design in the 



MMS Order No. M09PC00015                            Database of Accidents,  Failures, and Near Misses

msharples@offshore-risk.net 41

future: a) the locked yaw can be slipped undesirably;  b) the tenacity of the 
foundation is very low causing the easy destruction; c) some tower have its most 
weak part of its entrance door, which might cause undesired buckle and collapse of 
the tower.  

Very little help was provided by manufacturers during the investigation of the 
accident. This made the understanding of the mechanism of the damages of the 
wind turbines during the typhoon. In Japan external force is strong, so it is 
necessary to evaluate the ultimate strength of the turbine in design process and it is 
important that the manufacturer provide data necessary to perform structural 
analysis and wind resistant design.”  

[Ref. 28].

While the wind speeds exceeded that of design and so failure was predicable the 
remarks made in the paper are useful in lessons learned. Lessons learned from 
Japanese experience are useful to the US design process however we were unable to 
find source of root cause of incidents to wind farms there, or in Taiwan where several 
were damaged in the recent typhoons of 2009 and China. 

Very little is reported on incidents from China. One reference however is of note.  

“Dujuan, China: 13 of the 25 units were damaged in the wind power works of 
Honghai Bay, after a Typhoon”.   

[Ref. 32]. 

An interesting remark made in a paper “Toward More Accurate Prediction of Damage 
Due to Strong Winds” [Ref. 33]. Referred to the fact that the peak pressures on the 
nacelle had been considerably underestimated by the available code. At this time we 
have not been able to gain understanding of the importance of the statement in the 
paper. 

Ongoing work in Japan is being conducted by “Task Committee on Wind Resistant 
Design of Wind Turbine Generator System, the Structural Engineering Committee, 
Japan Society of Civil Engineers, [Ref. 34]]. 

The Task Committee on Wind Resistant Design of Wind Turbine Generator Systems 
was organized to establish a guideline suitable for the design of the wind turbine 
support structures in Japan. The committee proposed: 

– Design wind speed assessment method by CFD (Computational Fluid 
Dynamics) 

– Gust loading factor considering the non-linearity of base bending moment 
– Seismic loading analysis methods 
– Estimations for the buckling of the tower and the shear transfer failure of the 

connection etc. 



MMS Order No. M09PC00015                            Database of Accidents,  Failures, and Near Misses

msharples@offshore-risk.net 42

These works were published as Guidelines for Design of Wind Turbine Support 
Structures and Foundations in November 2007. The contents of the guidelines are: 

• Chapter 1 Introduction 

• Chapter 2 Design principles 

• Chapter 3 Wind climate 

• Chapter 4 Aerodynamic coefficients 

• Chapter 5 Wind load 

• Chapter 6 Earthquake and other loads 

• Chapter 7 Tower 

• Chapter 8 Connection 

• Chapter 9 Foundation 

• Chapter 10 Designs of support structures and foundations by the 
guideline 

• Chapter 11 Numerical analysis 

• Chapter 12 Laws and regulations 

• Chapter 13 Documents and reference data 

While there is a reference about this activity it has not been possible to obtain a copy 
[Ref. 34]. Prof. Takahara of the University of Tokyo has said that this document is 
currently still in draft form and will be available, with English translation toward the end 
of 2010.  

Another report from Japan indicates the following distribution of wind turbine failures:  
Over 30% of wind turbine failures were caused by Lightning strikes in Japan as 
indicated in the Figure [Ref. 35] which depicts the causes with a downtime equal to or 
greater than 1 week.   

Figure 14: 2003 Analysis of causes of Incidents 
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There are many windfarms built in China and Japan and a few in the Philippines. A 
study done by Risoe’s Tarp-Johansen et al (now Dong Energy) provided a few useful 
datapoints. It led us to some papers on a hurricane in Japan and to a professor at 
Univ. of Tokyo who was most helpful in discussions of root cause which was referred 
to in his papers, but needed some clarification.  After the 2009 typhoon that impacted 
Taiwan, we noted some of the wind turbines outside Taipei airport had been damaged 
but despite trying to find someone interested through the Chairman of one of the 
Universities in Taiwan to send data, we drew a blank. There are references in the 
literature to a devastating incident in India that eliminated a number of wind turbines in 
a cyclone in 1998. Following that lead was most instructive to our situation in the US 
on hurricane reliability of wind turbines.  

[Ref. 36]. 

5. EUROPEAN OFFSHORE EXPERIENCE  

Horn’s Rev is a good example of the variety of things that can go wrong. These were 
early adventurers into the offshore market place, and subject to Murphy’s Law: “what 
can go wrong, will go wrong”, there are some useful insights in the reports [Ref. 9].  
The Danish Industry is to be commended for adventuring into this alternative energy 
solution, and in adventuring offshore, there is much we can learn from them.   

They had problems in almost all aspects of 
the wind farm: 

• Gear 

• Generator 

• Hydraulic System 

• Blades 

• Transformer   

• Lighting arrester system 

• Secondary Construction 

• Corrosion Protection 

• Cables 

Figure 15: Horns Rev. 

“During the commissioning process, the grid connection cable onshore failed around 
Christmas 2002, leaving the wind farm at black-out for 14 days. This further delayed 
the commissioning process, along with other faults in the wind farm SCADA and the 
turbine controller software. 

The network failure, leading to a standstill of the turbines for 14 days, caused further 
problems. Standstill marks in the gearboxes could be identified in 8 of the installed 
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turbines. As the specification for the turbines demands for a period of no power – 
and thus a possible standstill for one month – the turbine manufacturer was 
required to cover the costs of this fault. A technical solution was found in case of 
future blackouts of the network connection. It enables the turbines to run slowly at 
idle speed, to prevent damage to the gearbox and drive train.” 

“Selecting a prototype with only a short trial period turned out to be a problem. The 
new turbine concept (variable rotor speed) and enlarged size became a problem, as 
did the transformers. 

During the first year of operation, the insulation of the generator windings turned out 
to be insufficient. The increased demands of a marine environment had not been 
met. 

To avoid the major effort needed to replace turbine components (not to mention 

complete turbines), the selected turbines needed to demonstrate a sufficient trial 

period and a first low-volume production series of the turbine type. In particular, the 

demands of the offshore environment had to be tested and met thoroughly.” 

[Ref: 9 ] 

"Bending with the wind   
"The Horns Rev offshore wind farm development was shut down on 4 November 
when a test wind turbine of the type being used in the project suffered damage 
owing to the failure of a safety system. The unit in question was a Vestas V80-2.0 
MW offshore unit located at Tjæreborg, Denmark. All damage was confined to the 
turbine blades. But it was the second turbine failure due to overspeed in just a few 
days, the other occurring on a Nordex site in Norway. Both were caused by human 
interference in control systems, and have serious implications for how testing and 
service procedures are currently carried out, and how they should be".  

"In relatively low speed wind (10 m/s), a failure occurred in the control system 
causing the turbine to over-speed. The safety system that has to stop the turbine in 
such a situation failed. However, the turbine's secondary emergency system cut in 
and stopped the rotor….” 

"Despite Vestas's confidence about recurrences, the Nordex event, a remarkably 
similar accident - similar, that is, in cause, not outcome - had happened only a few 
days before, but to a turbine sited at the Arctic Wind site near Havöygavlen, 
Norway. It occurred on October 29 and the mechanical damage was far more 
extensive. It also was an overspeed accident, in 15 m/s wind, with the rotor getting 
up to 44 rpm (tip speed 663 km/h [over 400 mph]) before catastrophic failure 
occurred and the entire nacelle with its rotor was ripped from the tower".  

[Ref. 37]  
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In another report:  

 “Horns Rev runs into generator  06 April 2005   

DENMARK . RENEWABLES 

Operator Elsam is hoping to have all 80 turbines at its Horns Rev offshore wind 
farm up and running by the autumn following several months of repairs dealing with 
defective transformers and generators. For some time there have been technical 
problems with the V80 2MW-rated turbines at the site, causing them to run at 
below design output, which made operation of the site impossible to sustain. 
Twenty turbines are currently down for repairs; the remaining sixty will be assessed 
and repaired during the remainder of the summer.  

The problem first became apparent at the end of last year when problems arose 
with the transformers, and later it was discovered that a large number of generators 
incorporated apparent production defects. Elsam has a contractual agreement with 
Vestas covering reliability, so the current difficulties will have only limited 
consequences for the operator. 

Manufacturer Vestas has acknowledged the problems and is making a vigorous 
effort to get the wind turbines working satisfactorily. Current status of the work is 
that most transformers have now been replaced. However the harsh conditions in 
the North Sea have impeded repairs and Vestas is considering whether it would be 
appropriate to dismantle all nacelles and bring them ashore to work on their 
generators under optimum conditions. It is not known at present whether the 
defects reside in the ABB-manufactured transformers and generators or in a 
misapplication of the components offshore. 

Such problems have not occurred before with these turbines, but the service 
history of the 2 MW versions, especially under offshore conditions, is not yet very 
extensive.” 

[Ref. 38] 

…and further:  

“Failures at Horns Rev 
Technical failures of the transformers began in August 2003. By the winter some 
20-30% of the transformers had been affected, owing to a combination of factors – 
manufacturing problems, weather conditions offshore, possibly salt in the air 
affecting the transformers, and after effects from the transformers’ being stored 
onshore. 

With a fifth of the turbines affected within the first year, Elsam judged that 
eventually all the transformers would develop faults and decided to replace them in 
a single operation. Along with transformer problems there were also generator 
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failures, although fewer than with the transformers, but again, mainly because of 
apparent manufacturing faults, Elsam decided to replace them all. 

Vestas decided that a root cause was a manufacturing problem in the components, 
first tracked down during 2003. Company director Sven Sigaard stated: “It’s a 
question of the transformers – they are not insulated correctly and the faults in the 
insulation cause shorts.” Discussing the generators, he said “a number of the 
generators are part of a bad series. The windings are not functioning.” Corrosion 
due to salt ingress was another problem. Component suppliers insist that it was 
‘environmental’ in origin, but it has caused far more corrosion damage at this site 
than anywhere else. In any event the pressure was then on Vestas and Elsam to 
complete an ambitious investigation, rebuilding and recommissioning programme 
by the end of the summer weather ‘window’. 

Fixing the problem 
Elsam, Vestas, and ABB, who supplied the transformers and generators, analysed 
the situation. Alleged salt water ingress into generators and unit transformers along 
with what appeared to be manufacturing faults led to the decision in the spring of 
2004 to return the complete nacelles to the works at Ringkøbing and Lem for 
dismantling, followed by replacement of the transformers and some of the 
generators. For many reasons, mainly the availability of vessels, and favourable 
weather forecasts covering the period until likely re-installation, Elsam had decided 
to do the work ashore. Because it had become apparent that all the nacelles were 
likely to develop faults, and because of the cost of a crane ship, all 80 turbines 
together with the test nacelle situated on-shore in Tjaereborg were to be 
dismantled on a continuous schedule. Meanwhile, the blades were to be returned 
to the manufacturing facility for cleaning and minor repairs to damage caused by 
lightning strikes and some minor surface cracking.  

In fact the original plan to begin in July and finish by end-October has been going 
more slowly than was hoped, owing mainly to poor weather. At time of writing all 80 
off-shore nacelles had been taken ashore, and 47 of them repaired and re-
installed. Elsam now hope to have Horns Rev to be back to full capacity by 
December. But its costs will be minor. According to a company spokesman “We 
have lots of spare capacity in Denmark so it’s not a problem to replace the power,” 
and as for the turbines, “Vestas has responsibility under the five-year reliability 
guarantee.” 

Offshore futures 
None of this bodes well for the future of offshore wind energy which is currently 
seen as the preferred solution to so many critical economic and environmental 
problems – particularly in the UK which is already committed to installing large 
capacities of offshore wind energy around a coastline rich in ideal wind conditions 
and suitable sea bed sites.  

But despite flaws in the generators and transformers Elsam believes that the 
technical problems are containable, not least because of manufacturer Vestas' 
responsible attitude to their warranty obligations. It is now known that the 
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generators failed because of incorrect factory settings in a particular batch, and not 
a design flaw, although resolution of the transformer question has yet to be 
resolved, at least publicly. What has also been gained, say Elsam, is a more 
realistic attitude to the costs of creating and running such a project, an attitude that 
will affect their appraisal of bids for the planned extension, which will not, they say, 
be held up by technical problems at the site. The pre-bid process continues and 
four bidders have applied for pre-qualified status.” 

[Ref. 39] 

“The official start of operation was scheduled for 15 December 2002, but in fact 
became 11 July 2003 due to the prolonged commissioning period. Quality problems 
turned up for a number of components in the individual turbines: rotor blades, 
gearboxes, transformers and generators. A significant number of individual turbine 
transformers failed in the autumn of 2003; wind farm availability sank to 50%. It 
turned out that the transformer winding insulation did not meet the required 
standards and the transformer windings failed due to the highly corrosive climate. In 
December 2003, a decision was taken to exchange all of the turbines transformers 
and replace them with a Siemens type. The exchange was performed between 
December 2003 to February 2004. In addition, the air ventilation system was 
changed from bottom of the nacelle to the middle, to minimize the exposure of the 
transformer to outside air. 

After two years of operation, the influence of corrosion seems to be comparatively 
low. The quality of the delivered components has to be high to reduce the influence 
of the rough environment to on turbine reliability. For offshore wind farms, where 
access can be quite difficult at specific times, the reliability of the components must 
be as high as possible. 

Severe generator problems occurred in 2004. To solve this problem, as well as 
problems with the rotor blade coating and the lightning system, it was decided to 
dismantle the turbine rotors and nacelles and ship them onshore. The nacelles were 
overhauled in Ringköbing, the rotor blades were brought to Nakskov, Lolland for 
improvement of the lightning systems. The plan was to have at least 30 turbines 
running all the time, but in fact only 4 turbines were operating in September. 
Dismantling of the turbines went much faster than calculated, while the erection was 
delayed. All turbines were in operation again by mid-December 2004. The 
availability of Horns Rev has been above 96% since January 2005, a remarkable 
figure for an offshore wind farm.” 

[Ref. 9] 

Lest that was seen as the end of it, after installation of Horns Rev 2 there were issues. 
The report that follows gives rather an inappropriate view of the situation; nevertheless 
it is reported as it contains a couple of useful facts.   

“The heart of the problem is that the technology being used offshore is generally 
onshore technology that has not been modified sufficiently to meet the different 
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demands of an offshore environment. 

The classic example of this is the disaster at Horns Rev wind farm in 2005, following 
which Vestas is reported to have removed and repaired 80 of its V90 models, 
designs for offshore use, owing to the effect of salty water and air on the generators 
and gearboxes, which became corrupt after only two years. A similar procedure has 
been reported this year with Vestas 30 turbines requiring a change of rotor bearings 
at an estimated cost of €30m.”  

[Ref: 40 The Problem with O & M, Renewable Energy, January/February 2009. ] 

“Still wind farm costing energy company millions 
Faulty terminal strips in the cables from Horns Rev 2 have shut down the massive 
wind farm. After just two months of operation technical problems have forced the 
blades of the world's largest offshore wind farm to stop turning. But it isn’t Dong 
Energy’s Horns Rev 2 itself that is the problem. Rather, there are problems with the 
terminal strip on the 56-kilometer-long power land cable that sends the turbines’ 
energy on to the grid along the West Coast.  

The wind farm has not been producing energy since last weekend and Dong 
Energy, which owns the wind farm, is losing approximately 1.1 million kroner each 
day the turbines stand still. Kim Kongstad, maintenance manager at Energinet.dk, 
which is responsible for the cable, said the turbines would probably not be back in 
operation until the end of the month. 'We hope to have all terminal strips repaired 
by 29 November, after which the cable can be reconnected so the turbines can 
start turning again and provide power to the grid,’ Kongstad said.Kongstad said 
that the terminal strips have been a problem since before Horns Rev 2 opened this 
past summer, where 24 were repaired prior to setting the turbines in operation.” 
  
Dong’s information states that the farm’s 91 turbines produce an average of 2.2 
million kWh each day – energy sold on to electricity customers both in Denmark 
and abroad.  

[Ref. 41] 

Though not as extensive, the Nystad wind farm also had a few issues:  

The following defects were handled after commissioning: 

• Exchange of two gear-box bearings 

• Lightning strikes 

• Improved air conditioning of transfer 

• Improved cooling in main transformer 

• Improved aircraft warning lights synchronization (via satellite).  

[Ref. 9] 
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Many of the issues have now been dealt with for future offshore wind farms, however, 
the message from Spanish philosopher George Santayana (1863) comes to mind:  

“Those who cannot remember the past are condemned to repeat it”
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6. RELIABILITY DATA 

6.1  ISET

ISET provides information on wind parks in general, including average installed 
capacity per location. It provides averaged cost data for operations and for 
maintenance and repair. For our purposes the section on the Reliability Data is useful.  

All data are in "%".  www.windmonitor.de

Figure 16: Causes of Failure 1992-2009 

When considering the number of reports depicted, it should be taken into account that 
more than one cause, consequence and repaired component can be marked per 
report sheet.  

Data source: ISET, IWET - last update: Feb 2007.

It is noted that the caption notes last updated Feb 2007 and the Figure states 2009.  

It is interesting to note that of the identifiable failures “Defect of Parts” is the largest, 
with “Plant Control” second. “Defect of Parts” if these are indeed “Certified” either type 
or project certified is alarming. Plant Control likely includes training and competence of 
workers as well as the control systems. One has, of course, to look closer at the data 
to understand what is included, excluded.  
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www.windmonitor.de

Figure 17: Consequences of Failure 1992-2009 

Most malfunctions continue to result only in automatic plant shutdown, thus avoiding 
follow-up damage. Usually, no major repair is required to resume operation after a 
shutdown caused externally. Internal causes for malfunction often have more severe 
consequences.  

Data source: ISET, IWET - last update: Feb 2007 
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www.windmonitor.de

Figure 18: Repair Breakdown 1992-2009 

The electrical component groups 'Generator', 'Electrical System' (converters, fuses 
etc.), 'Sensors' and 'Electronic Control System' were affected in more than half the 
cases and this apparently was the case in previous analyses.  

Data source: ISET, IWET - last update: Feb 2007 
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www.windmonitor.de

Figure 19: Frequency of Failures at High Wind Speeds 

The frequency distributions of wind speeds and WT failures appear similar. Most 
failures were determined in the more frequent wind classes. Above 12 m/s, the 
frequency of failures is about twice as high as the frequency of wind classes.  

Data source: ISET, IWET - last update: Feb 2006 

The data reflects that at higher wind speeds the reliability of the equipment is not as 
good. Thus a wind site with strong winds is more likely to have damage than those 
with lower wind speeds. 
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www.windmonitor.de

Total: 20638 WTs - 24934 MW rated power 

Figure 20: Number of Wind Turbines in Germany over Time 

In order to present figures concerning the overall state of wind energy in Germany, the 
base data collected and supplied by the Ingenieurwerkstatt Energietechnik (IWET), 
Hamburg, is utilised. This data, which encompasses a description of the plant type, 
rated power, rotor diameter and hub height as well as the location, is given by WT 
manufacturers and reflects the current situation quite comprehensively. 

Data source: ISET, IWET - last update: 08 Jan 2010 

It has been assumed that the reports include all the German wind farms which amount 
to approximately 20,000. With an installed capacity of about 25,000 MW we can 
assume an average of about 1 MW/turbine. The early turbines were probably smaller 
and the later ones likely larger, and thus one can conclude that the distributions in the 
above charts probably reasonably reflect the current conditions and ratios and are not 
inappropriately skewed by the early data.  

ISET in their 2008 publication at the 9th German Wind Conference DEWEK, provided 
the same insight [Ref. 42] showing that the large wind turbines were not as good as 
the small turbines for reliability and that Electrical failure was more frequent but 
caused less downtime. They did not analyse cost data as WindStats effort did.  
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Figure 21: Reliability Characteristics  

[Ref. 42] 

Figure 22:  Effect of External Conditions on Reliability  

[Ref. 42] 
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Figure 23: Component Reliability Small vs. Large  
[Ref. 42] 

Further statistical analysis gives insights into the different types of installation. The 
authors characterize the information based on turbine different technical concepts:  

Figure 24: Characteristic Turbine Technical Concepts 

 [Ref. 44] 
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Figure 25: Annual failure rate of WT subassemblies for different technical concepts  

[Ref. 43]

Note: manufacturers are constantly making improvements to their designs and by the 
time the analysis takes place, any changes in design may already have compensated 
for the issues. 

Figure 26: Weak-Point analysis for WT Subassemblies 
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The conclusion of paper is:  “It is obvious that reliability of WTs and subassemblies 
needs to get improved. Otherwise availability, especially for offshore application will 
not reach suitable results”. 
[Ref. 43] 

There are two other important points to make from the statistics presented.  

Figure 27: Availability offshore (all the colored columns) vs onshore  

[Ref. 44 ] 

Note the gray block at the top is the area that the onshore wind farms fall into a 95%-
99% range in terms of availability. The sample from 4 offshore wind farms has shown 
that the availability is much less. There is hope, however, in that the author goes on to 
present further diagrams that show:  

• WTs from the first production year show the highest failure rate in the first 
operating year (first serial) not first prototype).  

• WTs from subsequent production years were able to benefit from the 
experience gained from previous production years. 

It is anticipated that offshore wind turbines will improve with time. 

Onshore plants often have a number of times when they are not available due to a 
variety of faults, which result in frequent on-site attendance/maintenance. Such on-site 
attendance/maintenance is more difficult to achieve offshore. As an illustration time to 
transit from one on-shore wind turbine to another might take less than 5 minutes, 
whereas transit by boat from one to another might take more than ½ hr even if there is 
no requirement to wait for a boat that may be attending to another maintenance 
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worker’s mission and weather is good.  

6.2 Durham University & Technical University of Delft Analysis 

Information from WindStats [Ref. 45] and LWK was used to carry out an extensive 
analysis of data to understand the reliability of different wind turbine concepts for 
Offshore application, as part of the UK EPSRC Supergen Wind Programme [Ref. 46].  

The study showed that the larger MW turbines showed a more frequent breakdown.  

Figure 28: Wind Turbine Types  

[Ref. 46] 

These turbines are not the ones that will get used for offshore projects anticipated but 
it nevertheless points out that the larger turbines are unlikely to have a higher 
reliability, at least, initially.  
] 
The researchers took failure data from 2 sources which had been gathered for over 
about 10 years. They took data from 3 populations of turbine of between 300 and 4000 
turbines: 

– WindStats in Germany and Denmark 
– LWK in Schleswig Holstein, Germany 
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The results are shown in graphical form: 

Figure 29: Survey of Failure Rate comparisons 1993-2004  

[Ref. 46] 

Their conclusions are interesting: 

• “Unreliability  > 1 failure/year/turbine is common; 
• Unreliability is higher for larger turbines; 
• Such unreliability will be unacceptable offshore, we need reliability < 0.5 

failure/year/turbine;  
• Unreliability concentrated mainly in the Drive Train; 
• Some unreliable subassemblies are surprising; 
• For example gearboxes are not unreliable; 
• But gearbox failures do cause large downtime and costs; 
• But electrical parts are unreliable; 
• And cause relatively little downtime but large costs”. 

One further set of data worth examining comes from a study on the Reliability of 

Drive Train
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offshore Turbines - Identifying Risks by Onshore Experience [Ref. 46]. 

The population for which the data existed:  

  Country Time Span 
Number of 
Turbines 

Turbine -
Years of 

Experience 

WMEP Germany 1989-2006 1500 15000 

LWK Germany 1993-2006 241 5719 

Windstats
Germany
Denmark 

1995-2004
1994-2003 

4285 
904 

27700 
18700 

VTT Finland 2000-2004 92 356 

Elforsk Sweden 1997-2004 723 4378 

Figure 30: Population of Data for Reliability of Offshore Turbine study 

The results in average failure rate and annual downtime:  

  

Average failure rate 
[failures/turbine/year]

over whole survey 
period 

Annual downtime 
[hours/turbine/year]
over whole survey 

period 

WMEP 2.4 156 

LWK 1.9 27 

Windstats 
1.8 
0.7 

93 
- 

VTT 1.5 237 

Elforsk 0.8 58 

Figure 31: Average Failure Rate and Annual Downtime for Reliability of Offshore Turbine study 

The conclusions are reported as:  

• A small number of large failures, complicated repairs leading to increasing 
duration of downtimes 

• Numerous small failures, complicated access resulting in increasing duration of 
downtimes. 

• Large WTs with more complex technical concepts leads to an increasing 
number of failures 

• Higher wind speeds results in an increasing number of failures 
• Additional stress through climatic conditions and wave loads results in an 

increasing number of failures. 
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Another ISET publication gives further interesting remarks:  

“But for a cost effective condition based maintenance strategy for offshore wind farms, 
there are still some requirements to get fulfilled: 

Maintenance actions must get documented and evaluated to find weak link points and 
to adapt intervals of scheduled measures as well as the volume of maintenance 
activities. The current documentation of most of the onshore WTs is not satisfactory for 
computerized evaluation.  

Condition monitoring does not necessarily need to be automated for all components, 
but Condition based maintenance needs reliable information at least about the 
condition of the most critical subassemblies and components. Up to now, there only 
exist several systems for the drive train components.  

Failures need to get investigated in, to better understand the reason of offshore WT 
specific problems. Also the propagation of faults, depending on different operational 
conditions needs to get physically explained. Currently, no CMS provides a reliable 
prediction of remaining life time.  

Empirical experience with as many as possible WTs of similar design running under 
similar operational conditions should be evaluated commonly, to increase the 
statistical basis. Up t o now, only few data are publically accessible and even 
operators and manufacturers do hardly share experience and cooperate in evaluating 
data. 
  
ISET is now starting with a new monitoring programme ‘OWMEP’ which shall 
anonymously provide operational data from all offshore wind farms. Hopefully, this 
experience can be shared with those from the offshore wind farms from abroad.  
[ Ref. 47], [Ref. 48]. 

An interesting summary presented by Johan Ribrant in his Thesis on Reliability 
Performance and Maintenance – A Survey of Failures in Wind Power Systems [Ref. 
49] presents an interesting table contrasting different issues in Sweden, Finland and 
Germany: 
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Figure 32: Downtime failures by component in 3 countries. 

While these statistical studies substantiate each other (in overview terms), there is a 
need to understand the root causes of each of the incidents. The researchers are 
unable to get cooperation in order to publish statistics without making the data 
anonymous since it is thought to not allow a commercial disadvantage to the 
manufacturer/designer. This confidentiality has to be balanced against the information 
that will propel the business.  
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6.3 Further Reports from Europe 

Figure 33: Percentage of Total Failures by Component Type 

Figure 34: Percentage of Total    Downtime by Component Type 

[Ref. 50] 
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In this annex, the incidents reported in the German WMEP database from ISET, a 
Danish database, owned by Energie og Miljodata, and a Dutch database have been 
analysed in order to determine the data given in Table 4. The annex contains among 
others the process used for the data analyses considerations if incidents are a risk for 
the environment or not, and throwing distances reported by eye witnesses.   

Scenario Expected 
Value 

Recommended 
value [1/yr] 

Loss of entire blade 6.3 x 10-4 8.4 x 10-4

Loss at rated speed  4.2 x 10-4

Loss at 1.25 x rated 
speed 

 4.2 x 10-4

Loss at 2 x rated speed  5.0 x 10-6

Loss of blade tip 1.2 x 10-4 2.6 x 10-4

Collapse of entire 
turbine at tower foot 

2.0 x 10-4 3.2 x 10-4

Collapse of rotor and/or 
nacelle 

5.9 x 10-5 1.3 x 10-4

Falling down of small 
parts from nacelle and 
hub 

1.2 x 10 -3 1.7 x 10-3

Table 4: Frequencies of occurrence of scenarios relevant for risk analysis. The 
recommended values correspond to the 95% upper limits. 

[Ref. 51].  

A further breakdown is given by a European study:  

Figure 35: Breakdown of damage from RECOFF study 2004 [Ref. 52].
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7. CAITHNESS (CWIF) RESULTS 

The Committee for Renewable Energy for Barrington Rhode Island has commented 
on the CWIF group’s 1975-2008 report [Ref. 53]. 

“During this time, there were 49 deaths reported, none caused by structural failure. 
Deaths resulted mainly from accidents during transport, falling by maintenance 
workers, or distraction of drivers going by the turbine. The vast majority of victims were 
wind power industry workers. There were 14 public deaths, related primarily to 
transport accidents and aircraft incidents, but none of these was related to 
structural/blade failure.”  Case 20070825.1 has certainly changed the view that deaths 
do not result from structural failure. 60 deaths are now reported to end of 2009.  

“Five non-lethal injuries to the public have been reported since 1975, of which one case  
involved structural/blade failure: spinal injury from a falling turbine part (Incident 130 in 
the detailed accident report). That accident occurred when “the turbine was being 
dismantled for inspection after the blades had stopped turning,” i.e. outside of normal 
operating conditions.” To the end of 2009 this has increased to 9 injuries to the public 
and 29 involving workers.  

CWIF (2008) posits that their database is incomplete and that accidents before 
1999/2000 are under-reported. Data on failure rates in Rademakers and Braam (2005) 
agree with the data in CWIF (2008). CWIF (2008) also points out that the number of 
failures has increased along with the number of turbines put into production. 

In summary, although structural failures have occurred, to date all but one of the 
documented injuries from wind turbines have been associated with accidents involving 
wind industry workers and not structural failure. Incidence of accidents is rising as the 
number of turbines in service increases. Attention to safety in transport, installation, 
and maintenance is essential in reducing the risk of injury 

Types of Failures Associated with Wind Turbines 
According to CWIF (2008), rotor failure represented the largest number of incidents 
worldwide (16 in 2007), followed by fire (11) and structural failure of major components 
such as towers (11)”.  

For 2009, rotor failure represented the largest number of incidents 24 in 2009, followed 
by fire (10 in 2009 but 16 in 2008 and 24 in 2002), and structural failure reached an all 
time high of 15, the highest in the years that this has been chronicled. 

The report on the CWIF Wind Turbine Accident database can be found on 
www.caithnesswindfarms.co.uk  It is useful to extract some of the points:  

The total record as of December 2009 was 715 accidents; of those 112 were in 2008 
and 106 in 2009.  

The majority of accidents were blade and fire, followed by structural failure. 
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“Pieces of blade are documented as travelling up to 1300 meters. In Germany, blade 
pieces have gone through the roofs and walls of nearby buildings.” 

Many incidents of fires are caused by lighting.  

“Of the 66 fatalities 
• 47 were wind industry and direct support workers (maintenance/engineers, 

etc), or small turbine owner/operators. 
• 19 were public fatalities, including workers not directly dependent on the wind 

industry (e.g. transport workers).” (Several traffic fatalities were attributed to 
driver distraction).  

• One parachutist and one pilot were killed 

“A further 38 accidents regarding human injury are documented. 
• 29 accidents involved wind industry or construction /maintenance workers, and 

a further nine involved members of the public.” 

Structural Failure – From the data obtained, this is the third most common accident 
cause, with 84 instances found. “Structural failure” is assumed to be major component 
failure under conditions which components should be designed to withstand. This 
mainly concerns storm damage to turbines and tower collapse. However, poor quality 
control, lack of maintenance and component failure can also be responsible. 

• There were 11 structural failures in 2007; 9 in 2008 and 15 in 2009.  

27 incidents of Ice Throw were found. One was reported at 140 meters. 

45 reported accidents in the category Transport – “including a 45 m turbine section 
ramming through a house while being transported, a transporter knocking a utility pole 
through a restaurant, and a turbine section falling off in a tunnel.”   “Most involve 
turbine sections falling from transporters, though turbine sections have also been lost 
at sea, along with a ₤50M barge”.  
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8. OVERALL SAFETY STATISTICS 

Although wind-turbine structural failures have occurred, most commonly in the form of 
blade failures, sometimes in the form of fires and occasionally in the form of the 
towers falling, to date the documented injuries from wind turbines reflect the injuries 
and fatalities have been associated with almost all the accidents involving wind industry 
workers and workplace accidents and neither structural failure nor the public. Incidence 
of accidents will rise as the number of turbines in service increases. While the record 
on safety is good, as offshore wind turbine numbers rise there is much more potential 
for accidents and incidents. This will particularly be the case if a suitable rigorous 
Safety Management System is not in place for workers in the offshore wind farm 
workplace.  

There have been several transport accidents, construction/installation accidents not 
directly associated with the operation and maintenance of wind farms which are in 
the record, where the workplace accidents do not appear to have been attributed to 
the location at wind farms (e.g. ladder falls are not recorded as being at a wind farm). 
For transportation accidents of blades by road, the information recorded against the 
wind farm business. This inconsistency should be accounted for when interpreting 
the data.   

There are some interesting recent (2008) statistics offered in a report on Health and 
Safety by the Committee for Renewable Energy for Barrington, RI [Ref. 53]. 

“Manufacturing quality is a major factor in the integrity of any structure. Flawed 
material mixes can weaken the structure so that it cannot sustain even normal 
operating loads for short times. Recently, the India-based firm Suzlon Energy Ltd. 
had to reinforce all 1,200 blades sold in the U.S. because 65 of its giant blades had 
cracked under high wind conditions (Wall Street Journal, 2008). Edison Mission 
Energy, a large U.S. customer, cancelled orders for 150 turbines because Suzlon had 
been unable to determine the cause of the blade cracking. 

For a risk analysis, Rademakers and Braam (2005) [29] developed five categories of 
failure, cited verbatim below: 

1. Whole turbine blades or very large blade pieces breaking off and being thrown. 
2. Brake tips [plates activated to slow down the rotor] and other blade pieces such 

as blade surface panels, composite material, bolts, etc. being thrown from the 
turbine. 

3. Tower collapsing. 
4. Large parts, such as the nacelle, the whole rotor, or other main components 

falling down.  
5. Small parts, such as the anemometer (wind speed meter) or bolts, falling down 

from the nacelle or the hub. 
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Failure Probabilities 

As for any human-made structure, the fact that failure can occur must be 
considered in light of the likelihood that a failure occurs. This likelihood is expressed 
in terms of the probability of failure per turbine per year. Such probabilities are 
arrived at by counting the incidence of failures worldwide over the number of 
operating turbines over a number of years. Thus, the total count includes turbines 
that have been in service for a long time. The probability of failure of a new turbine 
should be lower than that for the entire fleet of turbines in service because of 
constant improvements in design and materials. Additionally, the probability of 
failure of a turbine purchased now can be influenced by factors that are under the 
control of the purchaser, e.g.: 
• Dealing with reputable manufacturers that have a good, well-documented safety 

record.  
• Careful installation by a reputable contractor. 
• Attentive maintenance and routine inspection of the turbine. 

Rademakers and Braam (2005) conducted a literature survey of reported turbine 
failures in any of the five categories listed above in California and from Danish, 
German, and Dutch reports. From this, the probabilities of failure were estimated to 
be: 

Failure at nominal operating speed 420 x 10-6 per 

Failure at 1.25 times nominal operating  420 x 10-6 per 

Failure at 2 times nominal operating speed  5 x10-6 per 
turbine year

Table 5: Failure rates 

“The failure probabilities of individual parts of the turbine were estimated by 
Rademakers and Braam (2005) as follows: 

Totals from German and 
Danish Databases 

Probability of Failure 
Turbine  

Part 
Number of
Incidents 

Turbine-Years
Mean 

Estimate 
95% Upper

Limit 

Blades 27 42,889 630 x 10-6 840 x 10-6

Tips 3 24,006 120 x 10-6 260 x 10-6

Nacelle 8.5 42,889 200 x 10-6 320 x 10-6

Tower 2.5 42,889 58 x 10-6 130 x 10-6

Small 
Parts

21 17,452 1,200 x 10-6 1,700 x 10-6
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Table 6: Base Population of Turbines for Risk Comparison

“In summary, the worldwide incidence of structural failures is on the order of 420 per 
million turbine years. This means that each turbine has a risk of blade or other 
failure of about 1 in 2400 in a given year. The probability of failure of a new turbine 
can be lowered by dealing with reliable manufacturers and contractors and 
following good maintenance and operational practices”. 

Probability of Injury 

That failure occurs does not necessarily mean that injury to a person results. For injury 
to occur, the turbine must undergo failure in a hazardous way, and a person must be 
within harm’s way at the time of failure. This line of inquiry leads to throw analysis of 
turbine debris under failure, combined with the probability that a piece of debris will fall in 
a certain area, combined with the probability that a person is in that area.” 

“The probability of being hit is highest within the first hundred feet, flattens out, then rises 
to another peak of 0.0016 near the maximum throw distance of 450 ft for a whole blade 
and 900 ft for a tip fragment. 

The probability of injury is the probability of being hit by a blade or fragment near the 
maximum throw, 0.0016, multiplied by the 95% upper limit probability for blade and 
fragment failure per the recommendation of Rademakers and Braam (2005) in the 
table given earlier. This gives: 

Probability of injury near the whole-blade-throw maximum distance of 450 ft 
= 0.0016 x 840 x 10-6 = 1.3 x 10-6 per person per year (i.e. a risk of 1.3 in 
one million per person per year). 
Probability of injury near the 10 m-tip-fragment-throw maximum distance of 900 
ft 
= 0.0016 x 260 x 10-6 = 0.4 x 10-6 per person per year (i.e. a risk of 4 in ten 

million per person per year). 

The probabilities are lower than these at distances between 150 ft and the maximum 
throw distance. 
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For comparison, the following table shows probabilities for other kinds of risks as 
given by Ropeik and Gray (2002). 

Cause of death or harm
(in the U.S.) 

Probability of death or
injury 

per person per year 

Death in motor vehicle 149 x 10-6

Struck by falling object 3 x 10-6

Hit by lightning 0.3 x 10-6

Death by homicide 56 x 10-6

Death by gun 36 x 10-6

Death on the job 21 x 10-6

Death from electrocution 3 x 10-6

Table 7: Comparative Risk  

The above charts and table indicate that: 

� A person who remains all year long at a distance of just under 900 ft from the 
turbine has a probability of about 0.4 x 10-6 per year of being hit by a blade 
tip fragment. This is about the same probability of being hit by lightning in a 
year. 

� A person who remains all year long at a distance of just under 450 ft from the 
turbine has a probability of about 1.3 x 10-6 per year of being hit by a whole 
blade. This is about half the probability of dying from electrocution in a year. 

Icing on wind turbines occurs under the same wintry conditions as icing on other 
structures or plants. According to Seifert et al. (2003), ice fragments thrown from 
rotors were primarily in the range of 0.1 to 1.0 kg (3 oz to 2.2 lbs) and landed mostly 
within 15 to 100 m (50 to 330 ft) of the turbine. An 0.1 kg ice fragment, if spherical, 
would have a diameter of 2.2 inches; a 2 lb ice fragment, if spherical, would have a 
diameter of almost 5 inches. Smaller ice fragments are affected more by the wind 
than larger fragments. Thus, in a strong wind, smaller fragments will be blown 
downwind further than larger fragments.

The recent compilation by CWIF (2008) of accidents from around the world found 23 
incidents of ice fall or ice throw since 1975. Only one case resulted in human 
injury. However, safety concerns were raised in many of the incidents as evidenced 
by road closings or damaged cars. 

In summary, icing on wind turbines occurs under the same wintry conditions as icing on 
other structures or plants. Ice fragments thrown from wind turbines have been reported 
as being typically up to 2 lbs and generally landing within 330 ft of wind turbines. 
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In summary, a person who remains all year long at a distance of just under 900 ft 
from the turbine has a probability of being hit by a blade tip fragment about the same as 
being hit by lightning. A person who remains all year long at a distance of just under 
450 ft has a probability of being hit by a whole blade about half the chance of being 
electrocuted in a year 
[Ref. 53]  

9. DATABASE DETAILS 

In order to formulate a comprehensive safety management template for designating 
the requirements of a safety management system, and to select the appropriate items 
that needed engineering attention in the regulatory approval process, it was 
appropriate to build some sort of database of incidents and accidents and other 
important events. From this it was hoped to look at the root causes and ensure that 
appropriate checks were put in place to prevent these accidents, incidents and, if we 
could find them, near misses from happening in the future to offshore wind farms on 
the OCS.  

Hours spent on phone calls and email enquiries led to very little information being 
divulged even on the accidents/incidents and almost none on root causes except in a 
very general sense. We did come across a number of organizations that report 
accidents on a regular basis. There was just an absence of root cause information 
except when there had been a fatality and an agency like OSHA investigated (e.g. 
Case-20070825). Even for other fatalities the data was sparse.  The fatality on board 
the Russell Peterson, liftboat (Case -20080512) observing off the East Coast of the US 
was investigated by the USCG but as of our Report date no formal report has been 
issued.  

OSHA had been aware of wind farm incidents and a good presentation [Ref. 54], 
excited us about finding information from this source. Despite good correspondence 
with the author we ended up with only two cases. Going through the OSHA data we 
found that accidents are reported as a “fall” or “injury” but no notation as to whether it 
was in a wind farm or a typical building site. We spent hours pouring through the data 
trying to recognize names and issues that would point to wind and came up with only 2 
cases we could tag to a wind farm site.   

One manufacturer told us theirs was confidential information that couldn’t be 
disclosed: but that they indeed did keep the data and act on it. Other manufacturers 
had the same basic story.  It was not clear what process was used to ensure lessons 
were learned either by the manufacturer of the failed product or other industry 
members that might have the same problem.  

We tried the BWEA (British Wind Energy Association) who clearly had some data and 
were promoting the use of it, but only by their members – and we were not of a 
membership category. BWEA is clearly concerned about safety and have produced a 
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number of interesting documents to ensure safety of personnel which they did share 
with us and also safety of installation equipment. Their data form was presented in one 
presentations but did not focus on all the information we were attempting to capture, 
and of course, that may not have been the only form in their database. Several calls 
and emails to the person who was dealing with the database resulted in no further 
contact – but that may have been because of pressure of work. 

AWEA (American Wind Energy Association) say they are keeping information but we 
were unable to obtain any information.  

Insurers were quizzed but likewise did not give us access to their databases, though 
we have a number of their accidents recorded from presentations that were made in 
Europe on wind farm accidents. Codan, a Danish insurer provided some useful 
presentations, and Munich Re (a reinsurer) provided some information in their 
publications.  

We are told that financial firms keep data but we were unable to access any of this, 
though it would not surprise us to find it is in the hands of their consultants (e.g. 
Garrad Hassan) who probably build internal reports.  

We made contact with the UK HSE who were cooperative and gave us some data 
which was in a form disguised they had in-house, but some of these we already had, 
and others we have listed in the database, but may be duplicates. Since we had no 
dates or details it is hard to tell if this was fresh information or just from UK.  

We contacted a few wind farm owners but again they did not appear to have a 
comprehensive system of keeping information – some data we did obtain was to be 
confidential and we have listed it this way in the database.  

Certifiers have strict requirements to not disclose their client’s information. DNV seem 
to provide a useful database for offshore oil and gas installations for sale at a 
reasonable price by subscription but this does not include wind farms. Germanischer 
Lloyd provided a couple of very useful references where they had analysed data and 
come to conclusions about the results and these were helpful, but source data was not 
released.  

We thus got left with cruising the internet for anyone complaining about wind turbine 
structures and piecing together information from a number of sources. Here we found 
some very useful information in a number of publications and wish to mention a few. 

9.1 The Sources  

CWIF Database – top of the list, is an excellent database and contains almost all of 
the publically available newsworthy articles.  Some of the original data sources had 
regretfully, references that no longer were there, one of them a significant internet site 
that had been closed down. It was not until much later after we had assembled an 
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amazing amount of source data, sorted it into case numbers that could be 
automatically reorganized and compared to the CWIF Database that we realized a 
number of things about the database: 

• It is incredibly comprehensive 

• It contained almost all the information we had, and each item had been 
diligently searched to assure a good date. Though we disagreed in a few 
instances that the date of the incident was the date named, we decided to adopt 
their dates for simplicity (though this happened only in a very few cases).  

• The database statements indicate that they think the number of incidents 
reported is lacking: we agree there are probably a whole lot of cases out there 
that are not included, but it was a rare instance that we could come up with any 
they had not found from general sources.  

• The information that was missing came out of a number of “technical 
publications” and papers (e.g. presentations from the Reliability Workshop 
Sandia National Lab 2009, or a Wind Update Conference on Maintenance in 
Dallas 2008), and conference proceedings, presentation where the photos may 
or may not be identified. (In some instances we communicated with the 
presenters but were unable to get further definition of the case/location related 
to the photos).  

  
Some old data was available on line BUNDESWEITE DATABASE OF WINDRAD. It 
appears this is no longer gathered. It may have been assembled from those who were 
protesting the effect of wind turbines on the Landscape in Germany.  It was translated 
with Google and the translation is not the best, but was left as it was, since the original 
can be easily found if more detail is needed. Most of this had already been 
incorporated into the CWIF database but there were one or two we could not correlate 
to their items.  

9.2 The Mechanics of the Database Assembly: 

It became apparent that the best way to approach this was to leave the CWIF 
database intact, chronicle, ensure we had no duplicates, and build a separate list of 
information supplemental to that list.  

9.2.1 Case Number:  

We were able to obtain a copy of the CWIF database in Excel format, thanks to the 
generosity of the author and organizers of the database. With this we were able to 
translate the date into a case number which was designated as: YYYYMMDD. When 
we did not know one of those digits, it became a 9. Thus 20050999 means we know it 
happened in September 2005 but don’t know the date. 20069999 means in happened 
sometime in 2006 and 99999999 means that we don’t know when it happened but 
have some information that it did happen or what we believe to be a legitimate photo. 
Thus we had a database sortable by date. We applied this to the CWIF list and our 
own so we were able to make direct comparisons. One small glitch was that 
sometimes the dates were reversed month and day from the European to American 
systems: the case number itself is of little importance except as it allowed us to align 
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the databases and delete duplicates. 

The Case Number was appended by sequential numbers as “.1” or “.2” when we had 
backup information. Thus any case number with a .1 means there is some backup 
information which is available which may be a report, extracts of a report, or a 
newspaper reference.  

To further delineate as to where the information is found any backup information or 
any photos involving the CWIF database has a C associated with the number – thus 
C20050912.1 would mean it is listed in the CWIF database on 12th September 2005 
and has some backup information that is accessible.  A photo with a number 
C20050912.1  means there is a photo associated with that case number and if there is 
more than one photo they are numbered C20050912.1a, C20050912.1b etc.    

If the photo is numbered 20060312.1 without a C preceding it then it would be found in 
the supplemental database we assembled. Originally we found it necessary when we 
had more than one document to create a directory for the information rather than a 
single file. It later added confusion for there to be two systems so eliminated the single 
files and made directories for each of the entries.  
  

9.2.2 The Supplemental Data 

We assembled our own data in a similar manner to CWIF but cutting a few columns 
and adding a column for “Photos & Videos”, and one for “Offshore” or Land.  

We added those marine accidents that were directly relevant from the marine industry, 
such as those accidents from jack-up rigs performing the installation or involved in 
construction.  

We chronicled things like replacement of gearboxes, re-burial of cables and items 
which might be designated maintenance and not accidents since we thought it was 
important to note these various items which may affect safety of the structure.  

9.2.3 Sorting and Eliminating Duplicates. 

With identical case numbers we mixed the two databases together and went through 
meticulously eliminating duplicate data. Where we had a difference in date, we simply 
went with the CWIF date, since it would have been too confusing to go back and forth 
and CWIF had done an excellent job in selecting the date. Our purpose was to track 
down types and examples of accidents – the date was only useful in ensuring we did 
not have duplicate data and could tie pictures to the stories.  

This was when most we appreciated how good and careful a job CWIF had done in 
assembling their data. One at a time we eliminated the majority of the data assembled 
in favor of using the CWIF database information.  
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In the end we decided it was best to present the CWIF data, and present the others we 
found in a supplemental list. We characterized everything we could under CWIF even 
though we may have obtained the info from different references.  When we liked our 
source better than the one CWIF referred to we included the same data in our 
database noting the case as appearing in the CWIF data. We noted some engineering 
points, explanations of which were useful to our purpose: like comments from 
experiences in India and cautions such as when blades break make sure you double 
check the tower for a hit and any other stress damage. Sometimes we noted oil spills 
that were not prominently noted in CWIF data but very relevant to us.  

For all the Offshore cases in the CWIF database we clipped and pasted it into ours 
and adjusted the information in the columns to suit. Those are painted ‘yellow’ and 
‘green’ just as they came out of the CWIF database so can be easily identified as 
theirs.  The general idea was that we wanted to record all the offshore data in one 
place so it could be separately sorted and reviewed.  

9.2.4 Photos 

Any photos we put in a Photo subdirectory and recorded a P for Photo or V for Video 
in the column in each of the CWIF database or our database. 

Photo Contact Sheets: Besides the database we put together a photo “contact” sheet 
which printed out the photo with the casenumber (file name) underneath. Thus one 
can review the photos and decide to work backwards into what the case is and further 
explanation.  

For convenience two separate printings were made in the appendices, one using 36 
photos per page and one with 12 photos per page. A file of the photos in larger format 
is available for downloading. 

9.3 The Databases  

Appendix C1 contains and Excel database from the CWIF: Caithness Windfarm 
Information Forum  www.caithnesswindfarms.co.uk up to date to the end of 2009 with 
2 additional columns added for Case Numbers and Photo/Video material. The yellow 
and green colors merely help distinguish by change of color the period in which the 
incidents occurred (these are the colors that are used by CWIF) – in later years they 
are changed year-by-year and in early years groups are banded together.  

Also included in Appendix C2 is a photo “contact” sheet giving thumbnail photos of a 
variety of accidents that were chronicled in the CWIF database. While they are only a 
small subset of the total accidents they do give most of the important issues in pictorial 
form.  

Appendix B1 contains an Excel database that we have compiled from separate 
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information together with the injected lines from the CWIF database. The lines from 
the CWIF database are identified in yellow or green (as they were in the CWIF 
database).  We have additional columns for Offshore designation and a column 
indicating if there is Photo and/or Video material.  The data from the CWIF database 
was injected if they were offshore, if we had additional material to add, or a different 
perspective.  

Also included in Appendix B2 is a photo “contact” sheet giving thumbnail photos of a 
variety of accidents that were chronicled in our supplemental database. While they are 
only a small subset of the total accidents they do give most of the important issues in 
pictorial form.  

9.4 Observations 

We learned that the industry does not keep their own comprehensive database and 
that non-profits like CWIF, National Wind Association and Windaction.org do a 
magnificent job of chronicling data. Indeed it shows that for the most part the industry 
has been remarkably safe and that there are few accidents. It’s regrettable industry 
does not keep their own comprehensive database to show a good job and put further 
results of enquiries down so that technical details can be learned and the industry is 
not making the same mistake over and over. 

We confirmed the CWIF database is a good, robust source, and we also confirmed 
how much effort it must take to keep up their quest for the most comprehensive 
database etc.  

We confirmed that one can be very confident of their data. The usefulness of their 
database suggests it would be useful to support them financially in order that they can 
keep it up as it is an incredibly useful resource. 

10. OBSERVATIONS AND CONLUSIONS 

10.1 Observations 

From the information we were able to extract sufficient data to provide for the safety 
management system information, things we otherwise wouldn’t have thought of:  

• Ensuring that maintenance persons understand the importance of following the 
instructions (20050827).  

• Providing instruction to firefighters NOT to open the door to the turbine to create 
a chimney effect on a fire (C20041207.1) 

• Ensuring that the installation vessel go through a proper procedure on sampling 
soil data and preloading (20000210).  
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• Training the personnel to understand that if the power is lost, either through grid 
loss or battery backup loss the wind tower may fall down in a storm (1990999.1) 
and (19980609.1) 

For the equipment side we learned much about the cautions: 
  

• Multiple tower failures are possible and hurricane areas are particularly prone to 
that. Several researchers have reported that loss of power, presumably to 
prevent improper yaw, have been at least partly responsible for the failures 
(19980609.1 ), (19990999.1)and (20030911.1). 

• Burying the subsea cable to the appropriate depth to avoid anchor issues is 
probably one of the most important factors in preventing major downtime and 
the grid loss can put the wind turbines at risk for a storm that occurs due to the 
outage. It was a surprise that there were a number of issues with the subsea 
cable 

• The terminations to the subsea cables need to be of the right material, quality, 
and installed correctly without damaging the subsea cable with moisture. The 
quality control of the aspects of the subsea cable is very important. 

• Oil does leak from these wind turbines (20060303), and (99999999.34). 

• Lightning is so frequent it becomes mandatory for offshore application of wind 
turbines.  

• Fire is so frequent it becomes mandatory for offshore application of wind 
turbines.  

• The equipment which is Certified to last 20 years often has to be replaced in 2-3 
years and with a guarantee of no longer than a further 5 years (20080630.1), 
leading to questions about the certification process.  

• Foundations need inspecting carefully (20079999.7) and (20091227).  

• Marine issues that plagued the early development in offshore oil are likely to be 
an issue with offshore wind installations (20091122.1), (20081028.1), 
(20069999.4), (20070899.8) and (20090130) – these are standard marine 
procedures that a reasonable Safety Management System should be able to 
cope with preventing. 

• While no-one had been hurt from blades letting loose it is important to note that 
one should adhere to the practice of turning the turbine off when it is under 
maintenance.  

• Component integrity is most important (19990301.1) and each component must 
be well-scrutinized before being put into use.  

• There is a lot of understanding and skill needed in maintenance and personnel 
need to know much more about key structural issues that result in a potential 
safety threat.  

• While we did not chronicle it, we did note one case of a snake bite that was able 
to be dealt with on land, resulting from a snake having crawled into the nacelle 
when on the ground, only to attack a maintenance worker some days later – it 
reminded us of the need to be cautious against the possibility of dangerous 
situations such as this. 

• Ensuring the integrity of transformers is important (20029999.1), and 
(20039999).  
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• Hurricanes (typhoons, and/or cyclones) can produce multiple failures – thus 
requiring careful examination of the load cases (20030911), (20070111) 

• There is a great importance to having condition monitoring installed 
(99999999.6).  

• Whenever lifting is going on it is very important to stay out of the way some 
considerable distance (20061221.1) and (20071107.1) and (20100308.1),  

• Blades will from time to time need replacement and repair, and should be 
considered as more of a maintenance item since for the most part personnel 
are away from the area (if they are shut down during maintenance).  

• ….and many other factors were learned from this data. 

10.2 Conclusions  

The CWIF organization has presented statistical information from what has been 
gathered. Since were able to verify their data, their analysis is also valid as quoted in
Section 7.  We added a number of relevant issues in a supplemental database. 

There is little comfort in the Certification results, assuming that most of the wind farms 
do have certification of some sort, when it comes to structural reliability. Perhaps the 
issues would be worse without certification but we would like to see more “evidence” of 
the benefits of the current scheme and will look forward to future discussions of how 
the system can be improved. Certainly maintaining a database of issues that are fed 
by the industry with root cause analysis is a most important item going forward. 

The things that were learned were input into the Safety Management System template 
and the requirements and commentary on the Structural and Equipment guidance 
documents which are part of this series of Reports.  

Much of the complied information is of limited use since the design requirements for 
offshore US waters will be significantly different (hurricane issues), and safety issues 
will not be addressed by European codes. Electrical personnel will need to be trained 
and knowledgable about any potential differences if foreign standards are used for 
manufacture, and installation of the electrical equipment.  

There needs to be an active body disseminating information to the industry about the 
statistics of incidents such as the information chronicled and distributed by the 
International Association of Drilling Contractors in their safety reports. Monitoring 
worldwide incidents and informing the US industry is most important.  

[Ref. 55]. 
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APPENDIX A –“WIND TURBINE GENERATOR - CLAIMS” 

Pages from IMIA Report “Wind Turbine Generators – Claims” authored by Truels Kjer, 
Risk Engineer, with Codan Insurance, September 2007. This report highlights Claims 

involving the main components of the turbine. 



Overspeed I. Fire in the nacelle. 

Root causes. Pitch system. 
Due to mechanical/electrical problems with the pitch system the turbine went overspeed. 
Oil from a broken component was ignited when the oil hit the disk brake which due to 
overspeed was activated. 
Damaged parts. Nacelle, at least one blade, upper section of the tower. 

Estimated costs. 800.000 Euro. Plus business interruption. 

The burned nacelle. 
Notice the nosecone. Due to the overspeed an implosion have occurred. 
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Overspeed II. Mechanical damages. 

Root causes. Pitch system. 
Due to problems with the control system of the pitch system the turbine went 
overspeed. Damaged parts. Nacelle (repairable), 3 blades, upper section of the 
tower, foundation Estimated costs. 600.000 Euro. Plus business interruption. 

The damaged turbine. 

Notice the cracks in the foundation and damaged upper tower section.



Overspeed III. Mechanical damages. 
Root causes. Bad workmanship. Pitch system. 
Due to human interference with the control system of the pitch system the turbine went 
overspeed. During this one of the blades hit the tower and the whole nacelle broke loose and fell 
to the ground. Damaged parts. Nacelle, 3 blades, upper section of the tower. 
Estimated costs. 1.300.000 Euro. Plus business interruption. 

  

The damaged turbine.
Notice the marks on the 
tower from one of the 
blades. When the nacelle 
crashed to the ground i t 
was total ly destroyed. 
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Gearbox. Bearing and gearwheel damages. 

Root causes. Never concluded. It has been a general problem for many years 
independent of the manufacturer. 
Damaged parts. All parts of the gearbox. Bearings, shafts and gear mesh both in the 
planetary and the helical stage. Though pitting/wear of the bearings in the planetary 
stage are most common. Estimated costs. Up to 270.000 Euro. Plus business 
interruption. At the moment the lead-time can be up to 15 month both on gearboxes 
and on the big components such as the low speed gearwheel. 

Damages gearbox in a 750 kW turbine, resulting in damage of the generator, hydraulic 
system and the control system. Of some reasons the turbine was not stopped at time and 
the planetary stage locked resulting in server damages not only on the gearbox but also on 
the other components in the nacelle. 

Broken bearing from one of
the two helical gears 

Broken tooth on the low speed gearwheel in a 2 MW 

gearbox 

The three wheels and the 6 

bearings from the planetary 

stage of a typical gearbox 

Pitting (wear) on one of 6 bearings

from the planetary stage 

Broken tooth on the pinion in a  

750kW gearbox 
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Electrical components. Generator, transformer, power panels. 

Root causes. Bad component, bad construction, external causes such as lightening, bad 
workmanship among others. Damaged parts. The component itself. But it can result in burning 
and loss of a complete nacelle. Estimated costs. Up to 1.000.000 Euro. Plus business 
interruption. 

Hot bearing from a 1 
MW generator. Root 
cause could among 
others be lack of 
grease, unsuitable 
grease or loose 
connection between 
bearing and shaft.  

Short circuit in a 
power panel. Root 
cause was a 
forgotten tool. It was 
traced back to the 
manufacturer.  

Short circuit in a power 
panel. Root cause was a 
bad connection on a high 
power cable. 

Short circuit in a power 
panel. Root cause was 
lightening. 

Short circuit in the 
transformer. Root cause was 
probably high temperature 
due to insufficient cooling. 
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APPENDIX B1:  

DATABASE/LIST OF OFFSHORE & ADDITIONAL ITEMS OF 
INTEREST
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APPENDIX B2: Photo Collection from Database  

35 to a Page for easy selection 

Section following gives 6 to a page for clearer viewing 



19990999.1.bmp 19991203.1.jpg 19991203.1a.jpg 19991212.1a.bmp 19991212.1b.bmp

19991212.1c.bmp 19991212.1d.bmp 20000210.1.bmp 20000210.2.bmp 20020128.1.bmp

20020128.1a.bmp 20020128.1c.jpg 20020310.1.bmp 20020310.1a.bmp 20020909.1.bmp

20021299.1.bmp 20030406.1.bmp 20030911.1.bmp 20030911.1a.bmp 20030911.1b.bmp

20039999.2.bmp 20039999.3.bmp 20039999.7.bmp 20040101.1.jpg 20040129.1.bmp

20040799.1.bmp 20040799.2.bmp 20049999.2.bmp 20050516.1.JPG 20050703.1.jpg

20050827.1b.jpg 20059999.1.bmp 20060303.1.jpg 20060424.1.bmp 20060999.5.jpg



20061007.1.bmp 20069999.4.bmp 20069999.4a.bmp 20070101.1.bmp 20070111.1.bmp

20070111.1a.bmp 20070111.1b.bmp 20070111.1c.jpg 20070199.2.bmp 20070199.2a.jpg

20070218.1.bmp 20070416.1.bmp 20070599.1.bmp 20070730.1.bmp 20070799.3.bmp

20070799.3a.bmp 20070825.1.jpg 20070825.1a.jpg 20070899.8.bmp 20079999.7.bmp

20079999.7.jpg 20079999.9.bmp 20080127.1.bmp 20080222.1.JPG 20080222.1.THM

20080306.1.bmp 20080306.2.bmp 20080306.2a.bmp 20080306.2c.bmp 20080512.1.bmp

20080512.1.jpg 20080512.1a.jpg 20080515.1.jpg 20080623.jpg 20080714.1.bmp



20080719.2.bmp 20080730.1.jpg 20080924.1.bmp 20080926.1.bmp 20080926.1a.bmp

20081022.1.jpg 20081028.1.jpg 20081028.2.jpg 20081028.2a.jpg 20090130.1.bmp

20090202.1.jpg 20090223.1.bmp 20091122.1.bmp 20091227.1.jpg 20091227.1a.jpg

20091227.1b.jpg 20091227.1c.jpg 20091227.1d.jpg 20091227.1e.jpg 20099999.8.jpg

20100113.1.bmp 20100119.1.jpg 20100201.1.jpg 20100308.1.jpg 20100308.1A.jpg

20100314.1.jpg 99999999.1.bmp 99999999.1a.bmp 99999999.2.bmp 99999999.2d.bmp

99999999.3.bmp 99999999.3a.bmp 99999999.3b.bmp 99999999.4.bmp 99999999.5.bmp



99999999.6.bmp 99999999.8.bmp 99999999.9.bmp 99999999.12.bmp 99999999.14.bmp

99999999.15.bmp 99999999.16.bmp 99999999.16a.bmp 99999999.17.bmp 99999999.17a.bmp

99999999.18.bmp 99999999.21.bmp 99999999.22.bmp 99999999.23.bmp 99999999.24.bmp

99999999.28.bmp 99999999.34.jpg 99999999.35.jpg 99999999.36.jpg 99999999.37.bmp

99999999.38.jpg 99999999.39.jpg 99999999.41.jpg 99999999.42.jpg 99999999.43.jpg

99999999.44.jpg 99999999.45.png 99999999.47.bmp 99999999.48.jpg 99999999.49.bmp

99999999.51.bmp 99999999.52.bmp finale.jpg hohenzell-oelverlust05.jpg wuennen2.jpg
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6 to a Page for clearer viewing 
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APPENDIX C1:

DATABASE COMPILED BY CAITHNESS WINDFARM 
INFORMATION FORUM 

(CWIF): www.caithnesswindfarms.co.uk 
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APPENDIX C2: Photo Collection from Database 

35  to a Page for easy selection 

Section following gives 6 to a page for clearer viewing 



C19949999.2.jpg C19949999.2a.jpg C19971224.1.bmp C19980201.1.jpg C19980609.1.bmp

C19980609.1a.bmp C19990205.1.jpg C19990412.1.jpg C19991212.1.bmp C20000120.1.bmp

C20000129.1.bmp C20000210.1.bmp C20000210.1a.bmp C20000528.1.bmp C20001209.1.bmp

C20010315.1.jpg C20020122.1.jpg C20020122.1a.jpg C20020128.1.bmp C20020128.2.jpg

C20020219.1.jpg C20020219.1a.jpg C20020219.1b.jpg C20020219.1c.jpg C20020219.1d .jpg

C20020223.1.JPG C20020223.2.jpg C20020223.2a .jpg C20020223.2b.jpg C20020319.1.jpg

C20020319.1a.jpg C20020408.1.jpg C20020420.1.bmp C20020515.1.jpg C20020804.1.bmp



C20020804.1.jpg C20021003.1.jpg C20021027.1.bmp C20021027.1a.jpg C20021115.1.jpg

C20021208.1.jpg C20021208.1a.jpg C20021208.1b.jpg C20021208.1c.jpg C20021208.1d.jpg

C20021208.1e.jpg C20021208.1f.jpg C20021208.1g.jpg C20021208.1h.jpg C20021208.1i.jpg

c20021208.1j.jpg C20021208.1k.jpg C20021208.1l.jpg C20021208.1m.jpg C20021208.1n.jpg

c20021218.1.bmp C20021228.1.jpg C20030301.1.bmp C20030405.1 .jpg C20030405.1a.jpg

C20030405.1b.jpg C20030405.1c.jpg C20030405.1d.jpg C20030405.1e.jpg C20030405.1f.jpg

C20030405.1g.jpg C20030405.1h.jpg C20030405.1i.jpg C20030405.1j.jpg C20030405.1k.jpg



C20030615.1.jpg C20030815.1.jpg C20030911.1.jpg C20030911.1a .jpg C20030911.1b .jpg

C20030911.1c .jpg C20030911.1d .jpg C20030911.1e.jpg C20031016.1.jpg C20031016.1a.jpg

C20031016.1b.jpg C20031016.1c.jpg C20031016.1d.jpg C20031016.1e.jpg C20031016.1f.jpg

C20031016.1g.jpg C20031115.1.jpg C20031115.1a.jpg C20031115.1b.jpg C20031115.1c.jpg

C20031115.1d1.jpg C20031115.1d.jpg C20031115.1e.jpg C20031115.1f.jpg C20031223.1.jpg

C20040101.1.jpg C20040101.1a.jpg C20040101.1b.jpg C20040101.1c.jpg C20040101.1d.jpg

C20040209.1.jpg C20040209.1a.jpg C20040209.1b.jpg C20040209.1c.jpg C20040209.1d.jpg



C20040209.1e.jpg C20040320.1.bmp C20040320.1.jpg C20040320.1a.jpg C20040609.1.bmp

C20040609.1.jpg C20041125.1.jpg C20041125.1a.jpg C20041125.1c.jpg C20041222.1.bmp
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Offshore: Risk & Technology Consulting Inc. 

CORPORATE HEADQUARTERS 

506 Nottingham Oaks Trail, Suite 200, 

Houston, Texas 77079 

Tel: 713-922-8170     Fax: 281-840-5691 

Principal: Malcolm Sharples, B.E.Sc, Ph.D., FSNAME, P.E. 
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