
 

 

 
MEMORANDUM 
 
 
TO:   Phil Kern 
 
FROM:  Alan Brixius 
 
DATE:   January 6, 2010 
 
RE:   Delano – WECS Ordinance Amendment 
 
FILE NO:  432.08 
 
 
Over the last four months, the Planning Commission has been considering a Zoning 
Ordinance text amendment that would allow but regulate wind energy conversion 
systems (WECS) within the City of Delano. 
 
At the December meeting, the latest version of the draft ordinance was presented that 
included ordinance revisions recommended by the Delano Municipal Utility Manager 
pertaining to the following issues: 
 
1. A WECS setback from structures and parking areas within the same site. 
2. Interconnection to City utility and power buy back. 
 
Additionally, the Planning Commission viewed exhibits that provided some perspective 
on the heights of these facilities and their potential impact on Delano’s skyline.  Through 
the discussion, the Planning Commission indicated that they are supportive of wind 
energy.  They were concerned that the setbacks, including the internal setback from 
buildings and parking areas within the same site, would be overly restrictive and would 
discourage the placement of wind turbines within the City.  The Planning Commission 
requested additional information regarding the failure rates of WECS and potential 
safety problems.  In our research on the danger of wind power, we are providing the 
attached articles: 
 
Exhibit A:   Danger of Wind Power, Business Week, Europe, August 24, 2007 
Exhibit B:   Summary of Wind Turbine Accident Data to 30 September 2009, 

Caithness Windfarm Information Forum 
Exhibit C:   Risk Analysis of Ice Throw from Wind Turbines, April 2003 
Exhibit D: Safe Setbacks:  How Far Should Wind Turbines be from Homes?, Kirby 

Mountain, July 30, 2008 
Exhibit E: Proposed Delano WECS Ordinance 
 



 

 2

 
The research indicated that turbine failure or tower collapse is rare but not unheard of.  
The article on dangers of wind turbines provides examples of wind turbine failures in 
Europe in 2007. 
 
The Caithness Windfarm Information Forum provides data on wind turbine accident 
data.  This data shows a general trend upward in accident numbers over the past 10 
years.  This trend is related to the growing number of wind turbines and the aging of 
said infrastructures.  They predict the need to protect the public by declaring safe 
minimum distances for new turbine development from occupied housing and buildings. 
 
Risk Analysis of ice throw from wind turbines also suggests prudent setbacks from 
housing, buildings, and roads to avoid damage from falling ice. 
 
In our research, we find that 1.0 to 1.5 times the height of WECS towers and rotors to 
be the accepted standard for urban WECS.  The larger utility WECS are generally found 
in more rural settings with greater setbacks ranging from 1,300 to 2,640 feet between 
the WECS and residences and work places. 
 
In review of this additional research, staff concurs with the Municipal Utility Manager’s 
recommendations for greater setbacks.   The ordinance should promote safety of both 
people and property.  The attached ordinance includes the following setbacks: 
 

b. Setbacks:  All WECS shall be set back a distance equal to no less than 
one and two-tenths (1.2) times the total height of the structure between 
the base of the WECS and the nearest property line, above ground utility, 
road right-of-way, or existing building on the same lot. 

 
 

These setbacks will not be a deterrent to property owners wishing to consider a WECS.  
However, it will require property owners to scale the height of the WECS to meet the 
setbacks and dimensions of the property.  With this new information, the Planning 
Commission may wish to reconsider the appropriateness of the larger utility WECS 
within the City. 
 
 
c. Marlene Kittock 
 Wendy Biel 
 Scott Dornfeld 
 Mark Johnson  
 Hal Becker   
  
 



EUROPE August 24,2007,12:05PM EST 

The Dangers of Wind Power 
As wind turbines multiply around the globe, the number of dangerous accidents is also 
climbing, causing critics to question overall safety 

By Shmm KPiorr and Msdred FWhgwbrf 

it came without warning. A sudden gust of wind ripped the tip off of the rotor blade with a loud bang. The heavy, 
10-meter (32 foot) fragment spun through the air, and crashed into a field some 200 meters away. 

The wind turbine, which is 100 meters (328 feet) tall, broke apart in early November 2006 in the region of 
Oldenburg in northern Germany-and the consequences of the event are only now becoming apparent. Startled 
by the accident, the local building authority ordered the examination of six other wind turbines of the same 
model. 

The results, which finally came in this summer, alarmed District Administrator Frank Eger. He immediately 

alerted the state government of Lower Saxony, writing that he had shut down four turbines due to safety 
concerns. It was already the second incident in his district, he wrote, adding that turbines of this type could pose 

a threat across the country. The expert evaluation had discovered possible manufacturing defects and 
irregularities. 

Mishaps, Breakdowns and Accidents 

After the industry's recent boom years, wind power providers and experts are now concerned. The facilities may 
not be as reliable and durable as producers claim. Indeed, with thousands of mishaps, breakdowns and 
accidents having been reported in recent years, the difficulties seem to be mounting. Gearboxes hiding inside 
the casings perched on top of the towering masts have short shelf lives, often crapping out before even five 
years is up. In some cases, fractures form along the rotors, or even in the foundation, after only limited 
operation. Short circuits or overheated propellers have been known to cause fires. All this despite manufacturers' 
oromises that the turbines would last at least 20 years. 

Gearboxes have already had to be replaced "in large numbers," the German Insurance Association is now 
complaining. "In addition to generators and gearboxes, rotor blades also often display defects," a report on the 
technical shortcomings of wind turbines claims. The insurance companies are complaining of problems ranging 
from those caused by improper storage to dangerous cracks and fractures. 

The frail turbines coming off the assembly lines at some manufacturers threaten to damage an industry that for 
years has been hailed as a wild success. As recently as the end of July, the German WtndEnergy Association 
(BWE) crowed that business had once again hit record levels. The wind power industry expanded by a solid 40 

percent in 2006. according to the BWE, and it now provides work for 74,000 people. 

Germany, moreover, is the global leader when it comes to wind power: More than 19,000 windmills now dot the 
countryside--more than in any other country. Green power has become a point of pride in Germany in recent I 

years, and Environment ~ h i s t e r  Sigmar Gabriel would now like to construct vast new wind farms akng 6 
country's North Sea and Baltic Sea coasts. I 
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klo Tivne for Testing 

Generous government subsidies have transformed wind power into a billioneuro industry within just a few years. 
Because energy providers have to purchase wind power at set prices, everyone, it seems, wants in. 

But it is precisely the industry's prodigious success that is leading to its technological shortcomings. "Many 

companies have sold an endless number of units," complains engineer Manfred Perkun, until recently a claims 
adjuster for R+V Insurance. "It hardly leaves any time for testing prototypes." 

Wind power expert Martin St6ckl knows the problems all too well. The Bavarian travels some 80,000 kilometers 
(49,710 miles) across Germany every year, but he is only rarely able to help the wind farmers. It is not just the 
rotors that, due to enormous worldwide demand, take forever to deliver, but simple replacement parts are 
likewise nowhere to be found. "You often have to wait 18 months for a new rotor mount, which means the turbine 

stands still for that long," says Stockl. 

"Sales Top, Service Flop" is the headline on a recent cover story which appeared in the industry journal 
Erneuehare Energien. 

The s h y  repats the disastrous results of a questionnaire passed out to members of the German W d E m  
M m  asking them to rank manufacturers. Only Enercon, based in Germany, managed a ranking of "good." 
The company produces wind turbines without gearboxes, eliminating one of the weakest links in the chain. 

Even among insurers, who raced into the new market in the 1990s, wind power is now considered a risky sector. 
Industry giant Allianz was faced with around a thousand damage claims in 2006 alone. Jan Pohl, who works for 
Allianz in Munich, has calculated that on average "an operator has to expect damage to his facility every four 

years, not including malfunctions and uninsured breakdowns." 

Many insurance companies have learned their lessons and are now writing maintenance requirements- 
requiring wind farmers to replace vulnerable components such as gearboxes every five years--directly into their 
contracts. But a gearbox replacement can cost up to 10 percent of the original construction price tag, enough to 
cut deep into anticipated profits. Indeed, many investors may be in for a nasty surprise. "Between 3,000 and 

4,000 older facilities are currently due for new insurance policies," says Holger Martsfeld, head of technical 
insurance at Germany's leading wind turbine insurer Gothaer. "We know that many of these facilities have 
flaws." 

Flaws And Dangers 

And the technical hitches are not without their dangers. For example: 

In December of last year, fragments of a broken rotor blade landed on a road shortly before rush hour traffic 
near the city of Trier 

Two wind turbines caught fire near Osnabruck and in the Havelland region in January. The firefighters could 
only watch: Their ladders were not tall enough to reach the burning casings 

The same month, a 70-meter (230-foot) tall wind turbine folded in half in Schleswig-Holstein-right next to a 
highway 

The rotor blades of a wind turbine in Brandenburg ripped off at a height of 100 meters (328 feet). Fragments of 

the rotors stuck into a grain field near a road. 

At the Allianz Technology Center (AZT) in Munich, the bits and pieces from wind turbine meltdowns are closely 
examined. "The force that comes to bear on the rotors is much greater than originally expected," says AZT 
evaluator Erwin Bauer. Wind speed is simply not consistent enough, he points out. "There are gusts and 

direction changes all the time," he says. 

EXHIBIT A



But E&d of working to create more efficient technology, many manufacturers have simply elected to build 
= P 

even larger rotor blades, Bauer adds. "Large machines may have great capacity, but the strains they are subject 
I 

to are e m  hwder to control," he says. 

cause fractures, water seeps into the cracks, and the rebar begins to rust. Repairs are diffiarlt "Yau can't look 
inside concrete," says Marc Gutermann, a professor for experimental statics in Bremen. "It's no use just closing 
the cracks from above." 

The engineering expert suspects construction errors are to blame. "The facilities keep getting bigger," he says, 

"but the diameter of the masts has to remain the same because otherwise they would be too big to transport on 
the roadways." 

Not Sufficiently Resilient 

Still the wind power business is focusing on replacing smaller facilities with ever larger ones. With all the best 
sites already taken, boosting size is one of the few ways left to boost output. On land at least. So far, there are 
no offshore wind parks in German waters, a situation that Minister Gabriel hopes to change. He wants offshore 
wind farms to produce a total of 25,000 megawatts by 2030. 

Perhaps by then, the lessons learned on land will ward off disaster at sea. Many constructors of such offshore 
facilities in other countries have run into difficulties. Danish company and world market leader Vestas, for 
example, had to remove the turbines from an entire wind park along Denmark's western coast in 2004 because 
the turbines were not sufficiently resilient to withstand the local sea and weather conditions. Similar problems 
were encountered off the British coast in 2005. 

German wind turbine giant Enercon, for its part, considers the risks associated with offshore wind power 
generation too great, says Enercon spokesman Andreas Duser says. While the growth potential is tempting, he 
says, the company does not want to lose its good standing on the high seas. 

Provided by S~ieael On/inine--Read the lafest from Europe's largest newsmagazine 
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Summary of Wind Turbine Awi$ent da& to 31 December 

These accident statistics are copyright Caithness Windfarms lnformation Forum 2009. The data may be used or referred to by groups or 
mdividuals, provided that the source (Caithness Windfarms lnformation Forum) is acknowledged and our URL 

www carthnesswindfarrns co uk quoted at the same time. Caithness Windfarms lnformation Forum is not respons~bble for the accuracy of 
Third Party material or references. 

You may link to this page from your website but  please do not link to the individual files or reproduce the tables 
on your website as they will cease to  be current. 

The summary may be downloaded in printable form by clicking here 

The full accident list may be downloaded by clicking lrqLp 

The attached detailed table 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. CWlF believe that this compendium of accident information may be the most 
comprehensive available anywhere. 

Data in the detailed table attached is by no means fully comprehensive - CWlF believe that what is 
attached may only be the "tip of the iceberg" in terms of numbers of accidents and their frequency. 
However, the data gives an excellent cross-section of the types of accidents which can and do occur, 
and their consequences. 

The trend is as expected - as more turbines are built, the more accidents occur. Numbers of 
recorded accidents reflect this, with an average of 72.1 accidents found per year from 2002 to 2009 
inclusive, and only an average of 16.0 accidents found per year in the previous seven years (1995- 
2001 inclusive). With few exceptions, before about 1997 only data on fatal accidents has been found. 

There is a general trend upward in accident numbers over the past 10 years. This is predicted to 
escalate unless HSE make some significant changes - in particular to protect the public by declaring 
a minimum safe distance between new turbine developments and occupied housing and buildings 
(currently 2km in Europe), and declaring "no-go" areas to the public, following the 500m exclusion 
zone around operational turbines imposed in France. 

Data attached is presented chronologically. It can be broken down as follows: 

Number of accidents 

Total number of accidents: 71 5 

By year: 

Year 
No. 

70s 
1 

90-94 
17 

80s 
8 

95 
5 

96 
9 

97 
16 

00 
29 

98 
8 

01 
12 

99 
33 

02 
63 

03 
51 

04 
52 

05 
55 

06 
55 

07 
83 

08 
112 

09 
106 
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Fatal accidents 

Number of fatal accidents: 60 

By year: 

Please note: There are more fatalities than accidents as some accidents have caused multiple 
fatalities. 

Of the 66 fatalities: 

47 were wind industry and direct support workers (maintenancelengineers, etc), or small 
turbine owner loperators. 
19 were public fatalities, including workers not directly dependent on the wind industry (e.g. 
transport workers). 

Human injury 

A further 38 accidents regarding human injury are documented. 

By year: 

Twenty-nine accidents involved wind industry or construction/maintenance workers, and a further nine 
involved members of the public. Four of these injuries to members of the public were in the UK. 

~ e a r ~ 7 0 s ~ 8 0 s ~ 9 0 - 9 4 ] 9 5 ~ 9 6 ~ 9 7 ~ 9 8 ~ 9 9 ~ 0 0 ~ 0 1  ~ 0 2 ~ 0 3 ~ 0 4 ~ 0 5 ~ 0 6 ~ 0 7 ~ 0 8 ~ 0 9  

Blade failure 

No. I 

By far the biggest number of incidents found were due to blade failure. "Blade failure" can arise from 
a number of possible sources, and results in either whole blades or pieces of blade being thrown from 
the turbine. A total of 167 separate incidences were found: 

1 2  1 1 1 1  1 1 1 1 1 4 1 1 1 2 1 2 1 1 1 2 1 4 1 3 1 8 1 6  

By year: 

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. This is why CWlF believe that there should be 
a minimum distance of at least 2km between turbines and occupied housing - in line with other 
European countries - in order to adequately address public safety and other issues including noise 
and shadow flicker. 

Year I 70s I 80s 190-94 1 95 ( 96 1 97 1 98 1 99 1 00 1 01 1 02 1 03 1 04 1 05 ) 06 1 07 1 08 1 09 
No. I 1 3 1 3  1 3  1 6  1 2  1181 4 1 5  ~ 1 5 ~ 1 2 ~ 1 4 ~ 1 0 ~ 1 3 ~ 1 7 ~ 1 8 ~ 2 4  
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Fire is the second most common accident cause in incidents found. Fire can arise from a number of 
sources - and some turbine types seem more prone to fire than others. A total of 138 fire incidents 
were found: 

By year: 

The biggest problem with turbine fires is that, because of the turbine height, the fire brigade can do 
little but watch it burn itself out. While this may be acceptable in reasonably still conditions, in a storm 
it means burning debris being scattered over a wide area, with obvious consequences. In dry 
weather there is obviously a wider-area fire risk, especially for those constructed in or close to forest 
areas and/or close to housing. Two fire accidents have badly burned wind industry workers. 

Year I 70s 1 80s 190-94 1 95 1 96 1 97 1 98 1 99 1 00 1 01 1 02 1 03 1 04 1 05 1 06 1 07 1 08 1 09 

Structural failure 

No. I 

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. 

I 1  1 1 1  1 1  1 1  1 2  1 3  1 1  124117115114112120116110  

By year: 

While structural failure is far more damaging (and more expensive) than blade failure, the accident 
consequences and risks to human health are most likely lower, as risks are confined to within a 
relatively short distance from the turbine. However, as smaller turbines are now being placed on and 
around buildings including schools, the accident frequency is expected to rise. There has been a 
sharp rise in structural failures from the latter part of 2007 continuing through 2008 to present. 

Year I 70s I 80s 190-94 1 95 1 96 1 97 1 98 1 99 1 00 1 01 1 02 1 03 1 04 1 05 1 06 1 07 1 08 1 09 

Ice throw 

No. I 

27 incidences of ice throw were found. These are listed here unless they have caused human injury, 
in which case they are included under "human injury" above. 

By year: 

1 1 1  1 3 1 6 1 9 1 2 1 8 1 4 1 3 1 7 1 6 1 1 1 1 9 1 1 5  

Ice throw has been reported to 140m. Some Canadian turbine sites have warning signs posted 
asking people to stay at least 305m from turbines during icy conditions. 

~ e a r ~ 7 0 s ~ 8 0 s ~ 9 0 - 9 4 ~ 9 5 ~ 9 6 ~ 9 7 ( 9 8 ~ 9 9 ~ 0 0 ~ 0 1  ~ 0 2 ~ 0 3 ~ 0 4 ~ 0 5 ) 0 6 ~ 0 7 ~ 0 8 ~ 0 9  

These are indeed only a very small fraction of actual incidences - a report* published in 2003 
reported 880 icing events between 1990 and 2003 in Germany alone. 33% of these were in the 
lowlands and on the coastline. 
' ("A Statistical Evaluation of Icing Failures in Germany's '250 MW Wind' Programme - Update 2003, M Durstwitz, BOREAS VI 9-1 1 April 
2003 PyhBtunturi, Finland. ) 

No. I 1 3 1 3 1  1 3 1  1 2 1 1 1 4 1 3 1 2 1  1 3 1 3  
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Transport 

There have been 45 reported accidents - including a 45m 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. One man lost his leg in 2006 following a transport accident off the 
Scottish coast. Most involve turbine sections falling from transporters, though turbine sections have 
also been lost at sea, along with a f50M barge. Two turbine sections fell from main roads in Scotland. 

By year: 

Environmental damage (including bird deaths) 

Y e a r ) 7 0 s ~ 8 0 s ~ 9 0 - 9 4 ~ 9 5 ~ 9 6 ~ 9 7 ~ 9 8 ~ 9 9 ~ 0 0 ~ 0 1  ~ 0 2 ~ 0 3 ~ 0 4 ~ 0 5 ~ 0 6 ~ 0 7 ~ 0 8 ~ 0 9  

Only 60 cases of environmental damage have been reported -the majority since 2007. This is 
perhaps due to a change in legislation or new reporting requirement. All involved damage to the site 
itself, or reported damage to or death of wildlife. Twenty-seven instances include deaths of protected 
species of bird. 

No. I 

By year: 

1 4 1  1 2  1 4  1 3  1141 8 110 

Other (miscellaneous) 

Year I 70s I 80s 190-94 1 95 1 96 1 97 1 98 1 99 1 00 1 01 1 02 1 03 1 04 1 05 1 06 1 07 1 08 1 09 

95 miscellaneous accidents are also present in the data. Component failure has been reported here if 
there has been no consequential structural damage. Also included are lack of maintenance, electrical 
failure (not led to fire or electrocution) and planning "accidents" where towers have been installed 
closer than permitted to housing, etc. Construction accidents are also included, also lightning strikes 
when a strike has not resulted in blade damage or fire. A separate 1996 report** quotes 393 reports 
of lightning strikes from 1992 to 1995 in Germany alone, 124 of those direct to the turbine, the rest are 
to electrical distribution network. .. (Data from WMEP database: taken from report 'External Conditions for Wind Turbine Operation - Results from the German '250 MW 
Wind' Programme'; M Durstewitz, et al, European Union Wind Energy Conference, Goeteborg, May 20-24, 1996) 

No. I 

By year: 

1 1 1  

Caithness Windfarm Information Forum 
31 December 2009 

~ 1 ~ 1 ~ 7 ~ 1 ~ 5 ~ 3 ~ 8 ~ 2 0 ~ 1 3  

Year I 70s I 80s 190-94 1 95 1 96 1 97 1 98 1 99 1 00 1 01 1 02 1 03 1 04 1 05 1 06 1 07 1 08 1 09 
No. I 1 1  ( 1 1  1 2 1 1  1 2 1 6 1 2 1 6 1 5 1 8 1 7 1 7 I 6 ] 2 1 ] 2 1  
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Kirby Mountain 
Wednesday, July 30,2008 

Safe setbacks: How far should wind 
turbines be from homes? 
Let's start with what one manufacturer considers to be safe for its 
workers. The safety regulations for the Vestas V90, with a 300-ft rotor 
span and a total height of 41 0 feet, tell operators and technicians to 
stay 1,300 feet from an operating turbine -- over 3 times its total 
height -- unless absolutely necessary. 

That already is a much greater distance than many regulations 
currently require as a minimum distance between wind turbines and 
homes, and it is concerned only with safety, not with noise, shadow 
flicker, or visual intrusion. 

In February 2008, a 10-year-old Vestas turbine with a total height of 
less than 200 feet broke apart in a storm. Large pieces of the blades 
flew as far as 500 meters (1,640 feet) -- more than 8 times its total 
height. 

The Fuhrliinder turbine planned for Barrington, R.I., is 328 feet tall 
with a rotor diameter of 77 meters, or just over 250 feet (sweeping 
more than an acre of vertical air space). According to one news report, 
the manufacturer recommends a setback of 1,500 feet -- over 4.5 times 
the total height. In Wisconsin, where towns can regulate utility zoning 
for health and safety concerns, ordinances generally specifv a setback 
of one-half mile (2,640 ft) to residences and workplaces. 

But that may just be enough to protect the turbines from each other, 
not to adequately protect the peace and health of neighbors. 

When part of an array, turbines should be at least 10 rotor diameters 
to avoid turbulence from each other. In the case of the proposed 

77-meter rotor span in Barrington, that would be 770 meters, or 2,525 
feet. For the Gamesa G87, that's 2,850 feet; for the Vestas V90,2,950 
feet -- well over half a mile. 

Jane and Julian Davis, whose home is 930 m (3,050 ft) from the 
Deeping St. Nicholas wind energy facility in England, were forced by 
the noise to rent another home in which to sleep. In July 2008 they 
were granted a 14% council tax reduction in recognition of their loss. 
It appears in this case that the combination of several turbines creates 
a manifold greater disturbance. 
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RISK ANALYSIS OF ICE THROW FROM WIND TURBINES 

Henry ~eifert'), Annette ~esterhellwegl), Jiirgen ICriining2)*) 
') DEWI, Deutsches Windenergie-Institut GmbH 
Ebertstr. 96, D-26382 Wilhelmshaven, Germany 

2, DEWI-OCC Offshore and Certification Centre GmbH 
Am Seedeich 9, D-27472 Cuxhaven, Germany 

1. Introduction 

Wind turbines are normally erected far away from houses, industry, etc., as the wind 
conditions are not favourable in the vicinity of large obstacles. Furthermore, with regard to 
acoustic noise emission and shadow flicker certain distances are required by national 
regulations, when wind farms are planned in the neighbourhood of residential areas. Thus, 
wind turbines should not cause risks as far as ice throw is concerned. However, the turbines 
are erected close to roads or agricultural infrastructure in order to avoid long and expensive 
access roads for erection and maintenance. This induces a risk for persons passing by the wind 
turbines, cars passing the streets if ice fragments fall down from a turbine. 

Especially in the mountainous sites or in the northern areas icing may occur frequently and any 
exposed structure - also wind turbines - will be covered by ice under special meteorological 
conditions. This is also true if today's Multi Megawatt turbines with heights from ground to the 
top rotor blade tip of more than 150 m can easily reach lower clouds with supercooled rain in 
the cold season, causing icing if it hits the leading edge. 

Figure 1 Nice view, but the rime ice accretion on the grass and the fence signalises danger 
of ice throw in the neighbourhood of the wind turbines. 

*) former affiliation: l%V-~ord  Gruppe, Hamburg 

Paper presented at BOREAS 6,9 to 11 April 2003, PyE, Finland 
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Paper presented at BOREAS 6,9 to 1 1 April 2003, PyE, Finland 

If a wind turbine operates in icing conditions which are described in [I], two types of risks 
may occur if the rotor blades collect ice. The fragments from the rotor are thrown off from the 
operating turbine due to aerodynamic and centrifigal forces or they fall down from the turbine 
when it is shut down or idling without power production. It depends upon the weather and 
especially the wind conditions, on the instrumentation of the wind turbine's control system, 
and on the strategy of the control system itself. 

In the IEC Standard [2] icing is defined as an extreme external condition. Following the 
philosophy of this Standard a design load case, combining external and operation conditions, 
never combines extreme external conditions with faults. Regarding icing as an extreme 
external condition, only situations at normal operation are to be considered. This is important 
for the assumption how the control system is reacting under icing conditions. 

2. Icing during operation 

When the turbine is operating it is assumed that the leading edge of the rotor blade collects ice 
and drops it off regularly, due to aerodynamic and centrifbgal forces [3]. Depending on the 
rotor azimuth, the rotor speed, the local radius, and the wind speed, the throwing distance of 
the ice fragments varies. Also, the geometry of the ice fragments and its mass will affect the 
flight trajectory. Typical ice fragments have been investigated in a wind tunnel in order to 
assess the aerodynamic properties of such a body [4]. Taking into account the experience 
gained from the research project WECO, Wind Energy production in Cold climate [ l ]  and the 
wind tunnel tests [4] typical ice accretion at the rotor blade's leading edge can be estimated 
and its flight trajectory calculated. The results of the calculations have been validated against 
the results of an inquiry among operators of wind turbines where the masses and throwing 
distances of ice fragments in wind farms have been investigated. The comparison proved the 
calculation to be conservative. 

- ,  

0 5 10 15 20 25 30 35 40 

Radius in m 

Figure 2 Observed ice fragments from the WECO data base [I] and own additional data. 
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Paper presented at BOREAS 6,9 to 1 1 April 2003, Pyhli, Finland 

The calculation needs the following inputs, which are partly known exactly, but some of them 
still have to be estimated on the knowledge available at present. Input parameters from the 
wind turbine are the rotor diameter, the hub height and the blade shape - most important the 
chord length at the tip of the blade - and the rotor speed range. 

The size of the ice fragments is estimated according to the recommendations given in [1,4]. 
Observations show that the ice fragments don't hit the ground as long slender parts but break 
off immediately after detaching from the blade into small fragments. For the worst case 
scenario several assumptions can be made in order to reduce the extent of calculations. Smaller 
ice fragments or the smaller area produce less aerodynamic drag and thus increase the 
throwing distance. Large or long ice fragments experience more aerodynamic drag and will hit 
the ground in a closer radius around the turbine. The wind tunnel test showed a typical drag 
coefficient of cd = 1.2. In the throw calculations cd = 1.0 has been chosen for conservative 
assumptions. Possible lift of the fragments has been neglected. For the calculation of the ice 
fragment's mass the ice density given in [5] with 700 kg/m3 has been used. The steps of rotor 
azimuth were chosen to two degrees. The air density is automatically corrected according to 
the ICAO atmosphere to the altitude of the site plus hub height at an ambient air temperature 
of 0°C. Higher temperatures will increase the throwing width, but no icing will occur at 
temperatures with more than a few degrees above the freezing point. Wind gradients have been 
neglected. 

The result of such a typical ice throw calculation for an operating turbine is a table of numbers 
and for better understanding a graphic has been plotted directly on the topographical map of 
the site concerned. Ellipsoidal curves representing the possible hits on the ground in steps of 
wind speed demonstrate the risk area on the map. 

Wind 

Figure 3 Result of the ice throw calculation. The curves represent the worst case width per 
wind speed. 

Page 3 of 9 

EXHIBIT C



Paper presented at BOREAS 6,9 to 11 April 2003, Pyhii, Finland 

Figure 4 Combination of the ice throw calculation and the topographical map. In the right 
side the wind direction causes risky operation during icing conditions for the road, 
whereas the situation in the left side is not critical. 

What can be done with the result of such a calculation? If the wind speed and direction is 
known at the specific site as shown for example in Figure 4 the control system of the turbine 
can decide whether the turbine has to be shut down or keep in operation. The control system 
should base its decision upon the icing conditions, the wind speed and direction and the rotor 
speed. An unnecessary risk can be avoided in that way. Alternatively, a big circle around the 
turbine representing the overall risk area can be drawn. However, this will need much more 
space within the wind farms. 

A simplified empirical equation has been introduced in [I] representing such a "risk circle" 
without detailed calculations. 

d = maximum throwing distance in m 
D = rotor diameter in m 
H = hub height in m 

This empirical and simplified equation can only be a "rough guess" and a help for a first shot 
in planning the position of a wind turbine close to streets or other objects, involving a certain 
risk. A more detailed calculation is recommended. 

3. Ice fall from a wind turbine at standstill 

Only the icing of the rotor blade is discussed here. During winter time it may occur that - 
depending on the shape of the nacelle housing - snow and ice adds up on the top. Due to the 
heating of generator and gearbox, the ice on the surface melts and results in a water film 
enabling the amount of ice or snow to slip down. As the rotor blade always represents the 
higher position, for the worst case scenario, ice from tower or nacelle can be neglected. 
However, close to the turbine the high masses of possibly falling large and heavy ice fragments 
may be extremely dangerous for maintenance staff. Precaution is necessary to avoid accidents 
resulting from that. 
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In principle, a shut down wind turbine does not differ from other structures like towers, 
antenna masts, masts of power lines, etc. concerning ice accretion. Depending on the rotor 
position of the braked or idling rotor different fall widths along the prevailing wind will result 
at the end of the icing event and increasing temperatures. The size, the mass and the 
aerodynamic properties are estimated in the same way as for operating turbines. It is 
recommended that - if operation during icing conditions is excluded - that the turbines shuts 
down if only a slight ice accretion builds up at the rotor's leading edge. Once the turbine is 
stopped, it may not restart automatically if it is not guaranteed that all ice is melted or removed 
from the surface. This is not necessary if the turbine can be started manually and it is sure that 
any risk for persons or objects in the vicinity of the turbine can be excluded. 

For automatically detecting ice on the rotor blades, several methods can be recommended. 
However, at present all these methods or instruments have to be improved and hrther 
validated. At first, the power curve and the ambient air temperature should be checked 
continuously. If a defined deviation is detected which can be related to a beginning rotor blade 
icing, the turbine should be shut down. The rotor blades use highly sophisticated aerodynamics 
and thus will react rather sensitively to small roughnesses at the leading edge like ice. If the 
temperature is low as well, a drop in the power signal at a certain wind speed - even if related 
to the affected hub anemometer - can be an indicator for icing. An ice free anemometer is 
required as well as a heated wind vane in order to avoid an oblique inflow, which would 
increase the fatigue loads and decrease the power. A heated shaR of the anemometer alone 
cannot be recommended. 

Observations reported in [I] show that an amount of ice accretion in the order of up to 40 per 
cent of the chord length leads to a throw-off situation during operation. However, the power 
loss caused by a much smaller amount of ice will indicate icing much earlier. If the turbine is 
shut down, the ice built up during idling or standstill as described in [3] has to be considered. 

The fragments falling down - released during the dewing period - will only be accelerated by 
the wind speed. The rotor is assumed to be positioned in the typical stand still or parked 
situation. The maximum wind speed has to be predicted according to the site specific report, 
connected additionally to the temperature. 

For the calculations the following data are required: The altitude of the site, the hub height and 
the rotor blade radius of the turbine and the rotor blade geometry. The last one is needed for 
the estimation of the ice fragment's size. 

Observation showed that ice fragments which fall from a stopped rotor break into smaller parts 
on the way down to the ground. In the worst case - large ice fragments reach longer distances 
from the still standing rotor - two meter long fragments have been investigated. The other 
dimensions of the ice fragments depend on the geometry of rotor blade. For the calculations it 
is assumed that the fragments start at the blade tip. The volume of the ice piece multiplied with 
the ice density from [5] results in the fragment's mass. Contrary to the rotating rotor the drag 
coefficient of the ice fragment from the stopped rotor is assumed to be 1.2, as this produces 
greater falling distances and is thus a conservative assumption. The air density is gained from 
the site altitude plus hub height at an air temperature of 0" C which also leads to conservative 
results. 
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The overall falling trajectories for different ice fragment's masses, wind speeds and rotor 
positions is demonstrated in Figure 5. 
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Figure 5 Typical result of an ice fall width calculation for a turbine at standstill. Parameters: 
Wind speed, rotor position and size of ice fragments. 

As mentioned before, icing is defined as an extreme external condition and - according to the 
design standard's philosophy - must not be combined with a faulty control system. In the 
example shown in Figure 5 the turbine always heads towards the wind without yaw error. 

A parameter calculation has been performed and as a result a simplified empirical equation 
developed for a stillstanding turbine: 

with 

v = wind speed at hub height in m/s 
d = maximum falling distance in m 
D = rotor diameter in m 
H = hub height in m. 

However, it is recommended to calculate more in detail. For a quick shot and rough estimation 
it may be sufficient to use the simple equation for a turbine iced at standstill. 

4. Risk analysis 

The two situations described above show the worst case scenario during icing conditions for an 
operating and an idling turbine, respectively. In fact, reality shows a few days of icing per year 
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only. During these icing days only situations with a proper wind speed and wind direction in 
combination with detachment of ice fragments at the right time and right location will cause a 
hit at a certain spot at the ground. Provided that a person stays exactly at that time on that 
location an incident or accident occurs. The risk analysis aims at this probability and figures 
the quantity. 

The following input data are needed in order to assess the risk for a person or an object in the 
neighbourhood of a wind turbine under icing conditions: 

S The number of icing events per year. This information cannot be found in the standard 
meteorological weather reports or the sit evaluation reports. If wind measurements are 
available and the anemometers are not cup and shaft heated, the number of occurrences in 
the bin around 0 m/s in the wind speed frequency distribution is unexpectedly high in 
winter time and shows a normal "Weibull-like" shape in summer time, this is an indication 
for icing. If two anemometers, one heated and one non-heated are used, the number of 
icing days can roughly be estimated as shown in Figure 6. The effect of snow and low 
temperatures on the anemometers as shown in the Figure is discussed in [3]. 

fi The wind direction and wind speed frequency distribution in combination with either 
information of icing events (see above) or in combination with the air temperature. This 
can also be an icing excluding parameter. 

S The location, number and mass of the individual ice fragments thrown off or falling from 
the wind turbine. 

§ The number of persons passing the risk area per year 

10 15 20 

Heated anemometer: Wind speed, mls 

Figure 6 Measurement during icing conditions at a meteorological mast. Unheated versus 
heated anemometer. 
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Figure 7 Principle sketch of the probabiIity of hits per m2 and year. The colours indicate the 
numbers of hits. The influence of the wind direction evident. 

Additionally, some principal assumptions related to the site have to be taken into account 
before sumrnarising the overall risk which is shown in Figure 7 which shows the principle 
sketch of the probability of hits per mZ and year. The colours indicate the numbers of hits. The 
influence of the wind direction evident. This type of result can be interpreted fm example for a 
road as follows: If 15,000 persons pass the road close to the wind turbine per year there might 
be one accident in 300 years. This result is normally compared against the general risk for life 
in a country. The requirement is that the introduction of a new technology such as a wind 
turbine at ice endangered sites must not increase this general risk in a given range. 

5. Conclusion 

The experience and the results of many calculations show that during operation small 
fragments are hitting the ground in a larger distance than those with a big area whereas from 
stopped turbines the larger pieces can be transported wider than small ones. However, 
provided that the turbine is operating the area of risk is larger than at standstill. In both cases 
the wind direction is an important parmeter for the assessment of possible risk and an 
important parameter for the control systems concerning its behaviour during icing events. Ice 
sensors and also ice detection by using power curve plausibilisation or two anemometers - one 
heated, one unheated - is not refiable enough at the moment and needs to be improved. 

There is still a lot of information required from operators after icing events in their wind farms. 
Observation of the turbines and especially the blades by web cameras proved to be a suited, 
but time consuming method in the Tauernwind project. The calculation methods as well as the 
assumptions made fm the ice fragments have to be improved and validated against 
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observation, if available. Bench mark tests or round robin actions, respectively, have to be 
carried out for various computer codes, calculating the ice throw trajectories. Furthermore, 
after the validation of the models, parameter studies have to be performed in order to improve 
simplified assumptions for international Standards and recommendations. 

In Germany and Austria ice throwlfall prediction reports are required by the building 
authorities of some districts, especially in the inland and mountainous regions. Together with 
the increasing number of wind turbines at these sites the number of ice throw reports for 
building permission increases. It is to be expected that in connection with this, the number of 
experts and competing companies will increase as well and will improve the knowledge. 

As a general recommendation it can be stated that wind farm developers should be very careful 
at ice endangered sites in the planning phase and take ice throw into account as a safety issue. 
Each incident or accident caused by ice throw is an unnecessary event and will decrease the 
public acceptance of wind energy. 
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Since the human ear (not to mention the sensory systems of other 
animals or the internal organs of bats, which, it is now emerging, are 
crushed by the air pressure) is more sensitive than a giant industrial 
machine, doubling that would be a reasonable precaution (at least for 
the human neighbors -- it still doesn't help wildlife). 

Sound experts Rick Janles and George Kamverman recommend a 
minimum 1 km (3,280 ft) distance in rural areas. James himself 
suggests that 2 km is better between turbines and homes, and 
Kamperman proposes 2-3 krn as a minimum. German marketer Retexo 
-RISP also suggests that "buildings, particulary housing, should not be 
nearer than 2 km to the windfarm"; and that was written when turbines 
were half the size of today's models. 

Both the French Academy of Medicine and the U.K. Noise 
Association recommend a minimum of one mile (or 1.5 km, just under 
a mile) between giant wind turbines and homes. Trempealeau County 
in Wisconsin implemented such a setback. National Wind Watch 
likewise advocates a minimum one-mile setback. 

Dr. Nina Pierpont, the preeminent expert on "wind turbine syndrome", 
recommends 1.25 miles (2 km). That is the minimum the Davises 
insist on as safe as well. In France, Mariolaine Villey-Migraine 
concluded that the minimum should be 5 krn (3 miles). 
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