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Wind Farm
– Caithness Shepard’s Fla t, LLC (CSF)
– Genera l Electric Company (GE)
– Bla ttner Energy, Inc.
– Southern California  Edison (SCE)
– Bonneville Power Administra tion (BPA)
– Citibank, RBS, BOTM/Morgan Stanley, WestLB, Credit Suisse

Sta te of Oregon 
– Oregon Department of Energy (ODOE)
– Oregon Energy Facility Siting Council (OEFSC)
– SENs Wyden & Merkley
– Citizens of Gilliam and Morrow Counties

White House
– Staff for the National Economic Council Director
– Staff for Energy and Climate Change Advisor
– Defense/National Security Staff 

The Players
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Department of Defense
– Deputy Under Secretary of Defense (Insta lla tions & Environment)
– NORTHCOM/NORAD
– Whidbey Island NAS (Boardman Bombing Range)
– Mounta in Home Air Force Base
– 84th Radar Evaluation Squadron (84th RADES)

Department of Transporta tion 
– Genera l Counsel
– Federa l Avia tion Administra tion (Air Traffic Organiza tion/Genera l 

Counsel)
Massachusetts Institute of Technology

– Lincoln Labs
American Wind Energy Associa tion

The Players

http://www.google.com/imgres?imgurl=http://www.radomes.org/museum/photos/recent/751-80s-old_arsr.jpg&imgrefurl=http://www.radomes.org/museum/recent/MountLagunaAFSCA.html&usg=__alNW1lOK25PpvBTpls8SnnLgPss=&h=400&w=600&sz=16&hl=en&start=0&tbnid=sptamcUlecJV5M:&tbnh=146&tbnw=217&prev=/images?q=ARSR-3+Radars&um=1&hl=en&rls=com.microsoft:en-US&gl=us&biw=1259&bih=599&tbs=isch:1&um=1&itbs=1&iact=hc&vpx=138&vpy=249&dur=3750&hovh=183&hovw=275&tx=205&ty=94&ei=oh9fTKSQF8Hflgemx6W4DA&oei=-h5fTPKvJ4Kclgeh3KmZCA&esq=7&page=1&ndsp=18&ved=1t:429,r:6,s:0�
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Wind Turbine/Radar Interaction
National Defense Authoriza tion Act For Fisca l Year 2006 required a   “Report 
on Effects of Windmill Farms on Milita ry Readiness”
Wind Turbines

– Tower 
– Height – ta ller tower impacts LOS a t grea ter distance
– Sta tionary reflector/no Doppler – no impact on Moving Target 

Identifica tion/Detection
– Nacelle

– Rota tion - ra tes tend to be rela tively low … appear to the radar as a  
virtua lly sta tionary object even when rota ting

– Materia ls – weight is a  big factor … many composites a re partia lly 
transparent to RF energy 

– Blade
– Angle of Attack – computer controlled to maximize power production 

w/i rela tively narrow rota tion ra te range
– Radar Cross Section – substantia l … combined with rota tion leads to 

appearance of a  moving ta rget
Radars

– Clutter
– Earth’s surface, any man-made objects on the earth’s surface, and 

weather effects such as ra in or ha il can cause clutter 
One Conclusion:  “… Existing processes to include engagement with loca l 
and regional planning boards and development approval authorities 
should be employed to mitiga te such potentia l impacts.”
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The Project
What 

– 845 MW Wind Project comprised of 338 Genera l Electric 
2.5MW Wind Turbines

– Business/Operating Model
– Off-take: Three 20-year PPA’s with Southern California  

Edison 
– O&M:  10 year O&M contract with GE Energy
– Transmission:  Interconnection for 845MW.  Firm 

transmission for 724MW
– Capita l Structure: $2.06B tota l…financed with project debt , 

equity, and ARRA Grant proceeds from US government 
(30% after completion)

Where
– In the vicinity of Arlington, Oregon (Gilliam & Morrow Counties)
– Nearby Federa l Avia tion/National Defense Avia tion Assets

– Air Route Surveillance Radar (ARSR-3) – Fossil, Oregon 
– Whidbey Island NAS (Boardman Bombing Range)
– Mounta in Home Air Force Base
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The Permitting Timeline

CSF: Caithness Shepard’s Fla t, LLC                SFWF:  Shepard’s Fla t Wind Farm
ODOE: Oregon Dep’t of Energy USN: United Sta tes Navy
OEFSC: Energy Facilities Siting Council         USAF: United Sta tes Air Force
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No Hazard Determination
9/18/09 - Caithness filed applica tions for FAA Determinations of No Hazard

- Approximately 1,800 wind turbines a lready exist or have been proposed in the 
vicinity of the Shepard’s Fla t project

Mid-November ‘09 – Caithness receives input from FAA staff indica ting no 
significant objections were filed by FAA Technica l Opera tions and the U.S. 
Navy…however, they were awaiting feedback from the Air Force

Late January ’10 - FAA staff received a  “genera l” objection from the Air Force 
and requested specific information to support the objection by 12 February

3/1-2/10  - FAA issued Notices of Presumed Hazard for a ll 349 turbine sites 
which sta ted tha t “any height exceeding 0 feet above ground level . . . will 
result in a  substantia l adverse effect .” 

- 60 day response timeline to the Notices, however the deadline may be 
extended if efforts a re underway to resolve the issue

- CSF project technica l team believes mitiga tion measures may be ava ilable, 
but lacked key information to make an accura te assessment of scope and 
costs of potentia l mitiga tions
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No Hazard Determination
NORAD/USAF Objections:

− Increased Screening - limited to the height of the wind turbine towers and  
extend approximately 2.5 to 17.7 NM behind the structures

− Increased Search False Targets - existing wind turbines within the a rea  were 
producing approximately 6 to 12 fa lse ta rgets per scan

− Decreased Sensitivity - Primary impact to receiver sensitivity will be directly 
over the wind turbines depending on severa l factors to include a ircraft 
loca tion rela tive to the wind turbines, fluctua tions in flight level or direction, 
and wind turbine orienta tion and blade speed, a ll of which vary over time

− Mitiga tion Options - No minimum height tha t will put these wind turbines 
outside RLS a t their current loca tions … no overlapping radar coverage in this 
a rea  to supplement the limited low level coverage loss from the Fossil radar

3/25/10 – CSF/GE met with DUSD(I&E) who directed her sta ff to engage in 
mitiga tion discussions but remained skeptica l tha t acceptable mitiga tion 
solution could be found given timing challenge

3/31/10 - Initia l National Security Council meeting involving White House 
staff, Air Force, and NORAD officers

http://www.norad.mil/Images/Images_2007/070601-F-0000X-007.JPG�
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No Hazard Determination
4/6/10 – CSF/GE meet with White House Staff 

4/14/10 – Wind Farms Interagency Policy meeting
- Led to MIT Lincoln Labs independent review to 

establish the risk to National Security incurred 
by the Shepard’s Fla t project and develop 
mitiga tion factors, timeline, and 
recommendations to include the use of TPS-77.

4/30/10 – SENs Wyden & Merkley & REP Walden 
issue press release announcing DoD removal of its 
notices of presumed hazard … clearing the way for 
FAA to provide its No Hazard Determination.   

May 2010 – Construction begins on Shepard’s Fla t 
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MIT Lincoln Labs Study1

Methodology
- Construction of predictive performance models leveraging earlier FAA radar 

and AFRL wind farm modeling efforts
- Valida tion using on-site field measurements with genera l avia tion a ircraft

Findings 
- Clutter:  manifests itself as false alarms/targets) and is only partially 

mitigated by the ARSR-3 native clutter filtering capability
- Existing 1801 wind turbines within LOS of the radar occupy 

approximately 2.5% of the total terrain visible to the radar (false targets 
generated was approximately 10-20% of the total produced by the radar

Mitigations
- Number of false targets can be reduced by proper adjustment of the radar 

settings as part of the planned September 2010 optimization
- False target count further reduced by modifications 

- Auxiliary processor resulting in an adaptive clutter map 
- Planned 2014 Service Life Extension Program (SLEP) of the ARSR-3  

will replace transmitter & receiver parts with solid-state components

Note 1:  Massachuset ts Inst itute of Technology Lincoln Laboratory 
“Wind Turbine Impact  Mit igat ion for QVN ARSR‐3 Radar”
June 21, 2010
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Other Case Studies
DRACONIAN GATES

Purpose:  assess effects of wind farms on a ir defense radar performance
Background:  conducted by Royal Danish Air Force 11-18 SEP 2008
Equipment:  ac - T1A, T17, F16; radar – TPS77, RAC3D; turbines – Vestas V80
Results:  TPS77 achieved high PD against a ll ta rgets even in very close proximity to 
the wind farm…RAC 3D outputs could not be processed

Fallago Rig Wind Farm
Background:  48 turbines, 144 MW, on-shore, Scottish border a rea  
Radar Mitiga tion Scheme:  
1)  Integra tion of a ir tra ffic control radar into RAF Leuchars Watchman a ir control & 
surveillance radar
2) Developer undertaking a  further mitiga tion scheme to achieve the Avia tion 
Specifica tion
3) Developer financial responsibility to MoD in event developer does not satisfy 
the Aviation Specification…put towards the MoD’s radar mitigation scheme.
4) Developer purchase bond or other security to guarantee #3

http://www.google.com/imgres?imgurl=http://www.ecoseed.org/articleImages/Denmarks-new-largest-offshore-wind-farm-to-use-Siemens-turbines_295x220.jpg&imgrefurl=http://www.ecoseed.org/en/general-green-news/renewable-energy/wind-energy/offshore-wind/7530-Denmark%E2%80%99s-new-largest-offshore-wind-farm-to-use-Siemens%E2%80%99-turbines&usg=__aQyvgncH20RARVXDpjcPKaGnglg=&h=220&w=295&sz=8&hl=en&start=97&tbnid=k3AFr3jLDUPiVM:&tbnh=162&tbnw=222&prev=/images?q=horn+rev&um=1&hl=en&sa=X&biw=1259&bih=823&tbs=isch:1&um=1&itbs=1&iact=hc&vpx=159&vpy=552&dur=1969&hovh=176&hovw=236&tx=117&ty=149&ei=fWZhTL64G8T48Aas_cDaCQ&oei=_2VhTMipG8Wclged6aGWCQ&esq=8&page=5&ndsp=24&ved=1t:429,r:0,s:97�
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Select European Policies

Proposed wind turbines 
eva lua ted by loca l 
authorities (Mayor, District 
Governor) in consulta tion 
with Austrian Ministry of 
Defense
- EMI of radars, radio relays, 
& HFDFs and obstacles to 
low flying routes

Plans for wind turbines 
within 15NM (27.8km) of 
milita ry radars must be 
submitted to RNLAF 
- Shadowing by wind 
turbines and more genera l 
concerns of impacts of wind 
turbines on radars.

Area  of 
Interest

Protection 
Zone

‘Protection Zone’ of 10km 
(5.4NM) around a ll milita ry 
ATC radars Is protected by 
law.  An ‘Area  Of Interest’ 
defined as a  region 18km 
(9.7NM)from the ATC radars
– Shadowing by wind turbine 
towers a  major concern.

Air defense 
radar

5 km
2.7NM

10 km
5.4NM

Conditional

Protected

No 
Objections

27.8 km
15 NM

Military 
radar

Area of 
Concern

MoD Aviation 
Specification:

- a horizontal 
plane at 2,500ft AMSL

- a horizontal 
plane at MSL 

- a vertical 
elevation, formed by a 2km 
radius around each turbine

Wind 
Turbine

MSL

2500’ 
AMSL2km 

radius

0% PD

≥80% PD

http://www.google.com/imgres?imgurl=http://www.g1-news.com/wp-content/uploads/german-flag.jpg&imgrefurl=http://www.g1-news.com/2009/03/06/german-verbs-app-for-g1/&usg=__NvVqMTMmOMQtHQMTwd4aCLiXuEM=&h=366&w=606&sz=6&hl=en&start=0&tbnid=X_KmT0Z10cBvCM:&tbnh=105&tbnw=174&prev=/images?q=german+flag&hl=en&sa=G&biw=1276&bih=599&gbv=2&tbs=isch:1&itbs=1&iact=hc&vpx=109&vpy=120&dur=3141&hovh=174&hovw=289&tx=159&ty=101&ei=okRgTKe7IYO88ga10pm6DQ&oei=j0RgTJyRHcH6lwfp1IynCQ&esq=3&page=1&ndsp=18&ved=1t:429,r:0,s:0�
http://www.google.com/imgres?imgurl=http://www.1uptravel.com/flags/images/au-lgflag.gif&imgrefurl=http://www.1uptravel.com/flags/largeflags/austria.html&usg=__9OJLA0M3XLpDQFZ3lAKWdVdTvvg=&h=301&w=451&sz=3&hl=en&start=0&tbnid=ToChIOGUisOF9M:&tbnh=112&tbnw=168&prev=/images?q=austrian+flag&hl=en&biw=1276&bih=599&gbv=2&tbs=isch:1&itbs=1&iact=hc&vpx=293&vpy=117&dur=1235&hovh=183&hovw=275&tx=182&ty=118&ei=AEVgTO3ZKcGclge44tWICQ&oei=AEVgTO3ZKcGclge44tWICQ&esq=1&page=1&ndsp=18&ved=1t:429,r:1,s:0�
http://www.google.com/imgres?imgurl=http://cbaviation.com/public/img/flags/unitedkingdom_flag.gif&imgrefurl=http://www.cbaviation.com/contact&usg=__QFwrAZooVNHtdjR7a9YUi9UD0lI=&h=415&w=597&sz=39&hl=en&start=0&tbnid=eZ4CVG7x2ZHNqM:&tbnh=117&tbnw=168&prev=/images?q=united+kingdom+flag&hl=en&biw=1276&bih=599&gbv=2&tbs=isch:1&itbs=1&iact=hc&vpx=656&vpy=112&dur=1000&hovh=187&hovw=269&tx=151&ty=96&ei=krNgTPoDwvqXB4ubuJwJ&oei=krNgTPoDwvqXB4ubuJwJ&esq=1&page=1&ndsp=18&ved=1t:429,r:3,s:0�
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Challenges/Recommendations
Ability to predict site specific wind farm/radar interaction effects

- Multiple radar systems - varying signal and da ta  processing capabilities
- Multiple wind turbine manufacturers - varying performance parameters
- Multiple missions – radars and milita ry facilities
- Varying geographic, weather, previous wind projects, existing a ir tra ffic
- Cumula tive effects of overa ll distribution & density of wind farms
 Research, Development , Modeling & Simula tion 

Lack of  policy
- Delibera te considera tion of trade space between energy na tional security 

policies
 Establish acceptable & fa ir standards

Poor coordination/process  
- Land use authority/zoning – Sta te/Local authorities
- NHD process is one size fits a ll/FIFO – no discrimination for complexity /  

impact to na tional objectives
 Early & often interaction between a ll stakeholders
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