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1.0 Background 
 
The proposed Cape Wind project is comprised of 130 General Electric 3.6MW wind 
turbine generators (WTG's) located near Horseshoe Shoal in Nantucket Sound.  This 
proposed wind farm is bounded on three sides by channels that are routinely navigated by 
a range of vessel types, periodically in restricted visibility conditions.  In this area, 
shipboard radar is frequently employed for collision avoidance and navigation. 
 
There is a variety of vessels in the Nantucket Sound area.  Commercial vessels include 
ferries, fishing boats and tug and barge combinations.  The fishing vessels both fish the 
area and transit the area en-route to other destinations.  The ferries include both 
traditional and high speed vessels.  On occasion, other types of commercial vessels are 
present within the area.  The area is also frequented by a large number of pleasure craft.  
These vessels are comprised of a wide variety of both type and size.  Also, a large 
number of these pleasure craft are transiting the area, while some are based at the many 
harbors around the Sound. 
 
The experience of the vessel operators within Nantucket Sound range from the very 
experienced professional mariner to the novice.  On some vessels, a crew member is 
assigned to monitor the radar display, while on others only a single person is responsible 
for the safe navigation of the vessel, and can spare only an occasional glance at the radar 
display. 
 
Radar equipment on the vessels range from no radar to very low end models to high 
performance equipment.  It should be noted, however, that commercial marine radars in 
use in the Sound do not have Doppler capabilities.   
 
2.0 Reason for Study 
 
For the Cape Wind project, two documents have been submitted that attempt to assess the 
impact of the proposed wind turbines on typical marine radars used in the Nantucket 
Sound area.  One of these documents was submitted by the Marico Marine Group[1] as 
part of the required environmental evaluation by Cape Wind Associates, the developer of 
the proposed wind farm.  The other was submitted by Dr. Eli Brookner[2]. 
 
The two studies reached different conclusions with regard to the impact of the proposed 
turbines on the use of marine radars on navigation in the Nantucket Sound area.  The 
document submitted by Marico concluded that the impact would be minimal, while the 
Brookner document concluded the impact would be severe. 
 
Neither of the two documents fully evaluated the impact of the actual wind turbines 
proposed for the Cape Wind project.  The Marico study based its conclusions mainly on 
results obtained from the wind farm located at Kentish Flats in the United Kingdom, and 
extrapolated these results to the Cape Wind project.  The Brookner report took several 
evaluations from several different studies and extracted and annotated various plots and 
figures to show the potential impact of wind turbines on radar navigation. 
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Based on the above, the United States Coast Guard decided to commission this additional 
study conducted by Technology Service Corporation (TSC).  TSC is a 40 year old 
company primarily engaged in providing engineering services and specialized hardware 
prototypes to U.S. Government agencies including the Department of Defense and the 
Federal Aviation Agency (FAA).  TSC provides engineering support and technical 
assistance on the AN/SPY-1 shipboard radar for the Aegis cruiser and destroyer fleet.  
Most of TSC's other efforts are associated with the analysis, design, simulation, 
fabrication and testing of state-of-the-art sensors and signal processors.  This work 
includes ground-based, ship-based, airborne and space borne radars.  TSC was founded in 
1966 by Dr. Peter Swerling, who developed the well known Swerling target fluctuation 
models.  Other famous TSC radar engineers have included Dr. Fred Nathanson and Dr. 
Lamont Blake who developed extensive radar clutter and propagation models that are 
widely used in the radar engineering community today.  Their work is included in some 
of the simulation software that was used in the analysis work conducted for this study.   
 
TSC has operations in several locations within the Continental United States.  The work 
performed in this report was performed by the Trumbull, CT Operations.  The 
Connecticut Operations has performed advanced radar research and development for the 
Missile Defense Agency, Defense Advanced Research Projects Agency, Air Force and 
other customers since 1978.  This work includes extensive ground-based radar siting and 
simulation modeling for the US Army, Marine Corps and FAA.  Of particular note, the 
TSC Connecticut Operations developed the Radar Support System (RSS) for the FAA.  
The RSS is used extensively to site air traffic control radars and to evaluate the impact of 
new construction, including windmill farms, on radar performance.   
 
Since this additional study was funded by the Coast Guard directly, the potential of bias 
due to any conflict of interest was eliminated.  In addition, the Coast Guard directed the 
study to address its needs in evaluating the navigational impact of the proposed wind 
turbines.  Finally, this additional study was designed to evaluate the proposed Cape Wind 
project directly, rather than extrapolate from studies conducted at other locations or from 
general studies of wind turbine impact on radar performance. 
 
In summary, the purpose of this new additional study was to evaluate these two previous 
studies, and employ the best analysis tools and expertise to sort out the most likely 
impacts prior to allowing construction of the wind farm. 
 
3.0 Scope of Study 
 
This study is designed to provide a simulation of the radar performance in the vicinity of 
the 130 WTGs of the proposed wind farm.  The radars of interest are commercial off-the-
shelf marine radars that vary in size and operating characteristics.  For the study the 
impact of the Cape Wind project on several typical marine radars was evaluated.  These 
marine radars were a low end radar with a 15 inch antenna, a high end radar with a 4 foot 
antenna, both operating at X-band, and a high end radar with a 12 foot antenna operating 
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at S-band.  These radars would encompass almost all of the characteristics of radars 
operating in Nantucket Sound on both commercial and pleasure craft.   
 
The evaluations performed in this study are limited to radar performance.  No attempt 
was made by TSC to evaluate the actual impact due to the wind turbines on navigation.  
Instead, TSC provided the Coast Guard with the simulated radar performance and an 
explanation of those simulations.  Although TSC has a long and extensive history in radar 
evaluation, TSC has no expertise in maritime rules and navigation procedures. 
 
Both this final report, and the analysis it is based on are designed to address only the 
needs of the United States Coast Guard and to provide the Coast Guard with information 
so that an informed recommendation by the Coast Guard can be made regarding the 
navigational hazards posed by the proposed wind farm in Nantucket Sound.   
 
4.0 Details of Study 
 
Two major issues are of concern with regard to radar performance in the vicinity of the 
wind turbines.  These are the effect of radar antenna beamwidth and sidelobes on the 
detectability of vessels and the effect of false targets caused by secondary reflections off 
the wind turbines.  Both these concerns were stated during the workshop on radar 
navigation of October 7, 2008 conducted by the Coast Guard[3].  The analysis whose 
results are presented in this report concentrated on evaluating these two effects.  Several 
effects that commonly occur with, for example, air traffic control radars, are not 
applicable to the commercial marine radars evaluated in this study.   
 
The power transmitted from a radar antenna is spread in both elevation (vertically) and 
azimuth (horizontally) to form a beam that has both an azimuth and elevation extent.  As 
the radar antenna is swept (rotated) in azimuth, power over this entire azimuth beamwidth 
is transmitted, reflected from an object and received by the radar.  The signal displayed is 
thereby spread in azimuth on the radar display.  In addition, antennas have additional 
peaks offset in angle from the main beam.  These peaks have a much lower gain than the 
main beam, but are often sufficiently great to cause the object to be displayed on the 
radar screen.  The location of the object in this case would be offset in azimuth from its 
actual position.  These peaks are referred to as sidelobes, and their effect shown in the 
display of the object on the radar screen is also commonly referred to as sidelobes[4]5. 
 
The most basic antenna will have relatively high sidelobes.  However, this was not the 
case for the antennas used in any of the marine radars examined.  Manufacturers have 
developed antennas with low sidelobes over the many decades that marine radars have 
been available.  Even the very low end radars examined had antennas with low sidelobes.  
The Coast Guard obtained several proprietary antenna patterns from marine radar 
manufacturers and made them available to TSC.  These actual patterns were used in the 
radar simulations performed for this study.  Also, an examination of the published 
specifications for competing products from other manufacturers indicated that these 
antenna patterns were typical of commercially available marine radars.  By agreement 
with the manufacturers, these patterns cannot be further disseminated. 
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The azimuth beamwidth of a radar antenna is dependent on the width of the antenna.  A 
wider antenna gives a narrower beam, for a given operating frequency.  Generally, for the 
antennas modeled, at X-band, a 15 inch antenna will produce a beamwidth of 
approximately 4 degrees while a 4 foot antenna will produce a beamwidth of about 1.8 
degrees.  A 12 foot antenna at S-band produces a beamwidth of about 1.8 degrees.  
Generally, at a given frequency, the more expensive a radar, the wider the antenna and 
the narrower the beam.  The beamwidths specified here are between the points where the 
antenna gain is ½ the gain at the center peak of the antenna (one-way 3dB points).  
Antenna beamwidths are approximately 20% to 25% wider when measured between the 
points on the antenna where gain first falls to almost 0. 
 
Manufacturers generally produce all marine radars with elevation beamwidths of 
approximately 20 degrees to allow the main beam to illuminate a target even if the vessel 
the radar is mounted on experiences a significant amount of roll.  For vessels that 
normally experience extreme roll, gimbaled mounts are generally provided to allow the 
radar to remain in a horizontal plane. 
 
A radar signal can be reflected from a wind turbine toward a second turbine, and then 
reflected back by this second turbine to the first turbine and then back to the radar.  
Normally, the signal reflected this number of times is too weak to be displayed on the 
radar screen.  Frequently, however, these signals do have sufficient power to cause a false 
target to appear on the screen.  These false target signals appear directly behind the first 
turbine at a distance equal to the separation between the two turbines.  The strength of the 
signal is dependent on the orientations and ranges to and between the two turbines.  
These false target signals can also be caused by reflections between a vessel and a turbine 
or between two vessels. 
 
Commercial marine radars employ no Doppler (velocity) processing.  This means that a 
moving target is processed in exactly the same way as a stationary one.  For radars that 
employ Doppler processing, the moving blades of a wind turbine can have a significant 
detrimental effect on detecting other moving targets.  This is not the case with marine 
radars, however, since no attempt to distinguish moving from stationary objects is made 
with these radars. 
 
Even though an over-water environment produces significant refractive changes in the 
atmosphere, the effect of atmospheric ducting on the wind turbines is not a factor at the 
short ranges employed by the radars within Nantucket Sound.  For this reason, no 
anomalous propagation effects were considered in this analysis. 
 
Although there can be some fading of the radar signal behind a wind turbine tower[6], this 
effect is limited.  TSC simulation and theory[7] indicate that the effect is approximately 
15-20dB, but over a very small angular extent.  Target radar cross section (RCS) changes 
can easily exceed this as the aspect angle of the vessel with respect to the radar changes 
by only a very few degrees or so.  The effect is also very transitory.  TSC did not include 
these effects in its analysis. 
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5.0 Modeling 
 
The Coast Guard provided TSC with four general scenarios of vessels moving in the 
vicinity of the proposed wind farm within Nantucket sound.  TSC then conducted a 
detailed radar simulation based on these scenarios of vessels and turbines within 
Nantucket Sound. 
 
The model of WTG proposed by Cape Wind is the GE 3.6MW.  TSC obtained a CAD 
model of this WTG, modified it to reflect the proposed tower dimensions, and then 
processed the model to make it suitable for determining the radar cross section (RCS) of 
the turbine[8].  The RCS was determined at all elevation and azimuth angles with an angle 
spacing of ½ degree.  The blade rotational position that gave the greatest RCS was used 
for each grid point.  This provided a worst case reflectivity situation in the analysis.  RCS 
was determined for both X and S band. 
 
In addition, the reflectivity of the turbine in directions other than directly back toward the 
radar was determined over the same angular spacing.  Angular reflections were provided 
at ½ degree orientations.  These values were used to determine the false target signals due 
to the secondary reflections from other turbines as mentioned above.   
 
TSC also obtained CAD models of vessels similar to those typically present in Nantucket 
Sound.  From these models, reflectivity tables in the same format as those of the turbines 
were determined for these vessels.  Five vessels were modeled: a high speed and 
traditional ferry, an oil barge with tug, a small commercial fishing vessel, and a Boston 
Whaler sized vessel.  All vessels except the Whaler were modeled as having metal 
construction.  The Whaler was modeled as having fiberglass construction.  These vessels 
are shown in Figure 1 through Figure 5.  Dimensions and nominal radar cross sections 
(RCS) of the vessels are given in Table 1.  Peak RCS normally occurs broadside to the 
vessel. 
 

 
Figure 1: Model of High Speed Ferry   



 

 6 

 

 
Figure 2:  Model of Traditional Ferry 

 

 
Figure 3:  Model of Tug and Oil Barge Combination   
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Figure 4:  Model of Commercial Fishing Boat 

 

 
Figure 5:  Model of Boston Whaler 
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Table 1:  Dimensions and RCS of Vessels Used in Scenarios 

Vessel
Length 

(m)
Height 

(m)
Peak RCS 

(dBsm)
Nominal RCS 

(dBsm)
Boston Whaler 7.2 2.4 46 3
Traditional Ferry 71.6 16.8 61 25
Fishing Boat 10.7 4.7 53 22
High Speed Ferry 43.7 11.6 84 15
Oil Barge with Tug 116.8 11.2 66 35  

 
The parameters of several radars were obtained along with the corresponding antenna 
patterns.  TSC then modeled these radars in the Radar Support System (RSS)[9] radar 
simulation software developed by TSC for the Federal Aviation Administration and 
modified for this project. 
 
Vessel tracks were determined for the four scenarios requested by the Coast Guard.  For 
each scenario, a meeting situation between the vessels was created, and a radar model 
assigned to each vessel.  The Whaler was assumed to have no radar.  Along each vessel 
path, a simulated radar display was created for each individual position of the vessels.  
The positions were separated by the distance the vessel would travel at its indicated speed 
during the time the radar made one complete sweep.  The other vessels within the 
scenario were also repositioned in a similar manner.  These individual radar displays 
were then assembled into a video format. 
 
Although the sweep rate for most radars was approximately 2.5 to 2.6 seconds, the video 
frame rate was kept constant at 0.5 seconds across all scenarios.  This was to allow for a 
shorter and therefore more reasonable time to view the videos an entire scenario.  Each 
video consisted of between approximately 300 and 800 frames. Radar provides a 
dynamic depiction of a constantly changing environment.  It is the changes that are 
visible on a radar screen that provide the information that is most valuable to the 
operator. The still pictures presented in this report are a small representative sample of 
these frames but because they are stills they do not depict the changes a working radar or 
the video are capable of displaying.  The entire videos have been presented by TSC to the 
Coast Guard and form the basic information for Coast Guard understanding of the effects 
of the proposed wind farm on marine navigation. 
 
The video data is extremely large; many tens of gigabytes.  The format of the videos is 
easily shown on a computer, but is not amenable to conversion to normal DVD format. 
 
For each simulated radar scan, the reflectivity of the visible land, the water, any 
precipitation, each of the 130 turbines and up to two other vessels was determined.  The 
reflectivity for each of these objects was determined by the RCS in the model described 
above.  The orientation of the object with respect to the radar provided the angles needed 
to determine the appropriate RCS to use.  The wind turbines were always oriented to face 
the specified wind direction, while each vessel was oriented along its track.  Each 
possible pairing of all turbines and vessels was also considered in order to provide for 
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potential false target signals.  The radar signal produced by these objects was then 
calculated. 
 
6.0 Pictures and Discussion 
 
The first scenario considered is shown in Figure 6.  Scenario 1 consists of a combined oil 
barge and tug traveling eastbound at 12 knots in the main channel that is located south of 
the proposed wind farm.  A ferry is southbound at 14 knots along its normal route east of 
the wind farm.  In addition, a Boston Whaler sized boat is traveling at 30 knots within the 
wind farm and exits to the south into the path of the oil barge/tug.  Both the tug and the 
ferry have X-band 4 foot radars set to a 6 nmi range.  The wind is from the southwest, 
there is no precipitation, and seas are calm.  In this and all scenarios, sensitivity time 
control (STC) was turned on. 

 
Figure 6:  Vessel Tracks for Scenario 1   

 
One radar sweep from the barge/tug is shown in Figure 7.  The barge/tug is the blue dot 
located in the center of the picture.  Several of the phenomena discussed above are visible 
in this frame.  Also notice that for increasing distance from the radar, the width of the 
signal reflected from a turbine is greater than for those turbines located close to the radar.  
The angular extent remains the same, but the cross range for the same angle increases 
with range.  This means that the beamwidth/sidelobe extent of a turbine close to the radar 
will occupy a smaller area compared with a more distant turbine.  Also, the broadening 
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due to beam width or sidelobes is always oriented perpendicular to the radar.  Vessels 
traveling directly toward the radar will always travel across these sidelobes, never along 
them.  This means that there will be at least some time when a vessel traveling toward the 
radar is in a clear area between the turbine sidelobes. 
 

 
Figure 7:  Sample 6 NMI Radar Sweep from Oil Barge/Tug   

 
It can be seen in the frame that for turbines that are oriented to the northwest and 
northeast of the radar, a significantly stronger return occurs.  This is due to the orientation 
angle of the turbine nacelle with respect to the radar.  The nacelle is the strongest 
reflecting surface at certain orientations angles, such as when the front, back or sides are 
oriented perpendicular to the radar.  The GE3.6 turbine nacelle has a large number of 
large angular surfaces that are superb radar reflectors.  These surfaces are shown in 
Figure 8.  TSC did not examine whether a different model of turbine would have 
significantly lower radar reflectivity. 
 
Although it cannot be shown in a still image, the sidelobes and false targets constantly 
change over several frames or even from frame to frame.  As the radar moves, the 
orientation of individual turbines changes with respect to the radar.  This changes the 
reflectivity, which changes the extent of the beamwidth/sidelobe spreading and also 
changes the reflectivity to secondary (false) reflections.   
 

Barge/Tug 

Ferry 

False Targets 

Antenna 

Sidelobes 

Whaler 
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Figure 8:  Underview of GE3.6 Wind Turbine Nacelle 

 
One of the Coast Guard’s questions is whether the whaler can be observed as it travels 
within and then exits the wind farm.  Figure 9 shows the simulated display after the 
whaler has turned southward.  At this point the whaler is visible on the display.  Several 
sweeps later, however, in Figure 10, the display of the whaler has been subsumed into 
that of the nearby turbine, and is not visible.  This lasts only a couple of scans until the 
whaler separates from the display of the turbine and again becomes visible in Figure 11.  
This pattern repeats as the whaler passes each turbine.  If the whaler passes sufficiently 
close to the southernmost turbine, it will be subsumed in the display, also, as shown in 
Figure 12.  Finally, the whaler exits the wind farm and separates from the turbine, as 
shown in Figure 13.  The time before the meeting in the scenario is given in the captions 
in minutes and seconds, and is the real time, not the time as sped up in the video. 
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Figure 9:  Six NMI Scan of Barge/Tug Radar 3:50 Before Meeting with Whaler   

 
Figure 10:  Six NMI Scan of Barge/Tug Radar 3:33 Before Meeting with Whaler   

Whaler 

Whaler 
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Figure 11:  Six NMI Scan of Barge/Tug Radar 3:23 Before Meeting with Whaler  

 
Figure 12:  Six NMI Scan of Barge/Tug Radar 0:52 Before Meeting with Whaler 
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Whaler 
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Figure 13:  Six NMI Scan of Barge/Tug Radar 0:37 Before Meeting with Whaler 

 
This scenario was also run with a vessel with a 12 foot S-band radar on the same track as 
the oil barge/tug.  An example of this type of vessel may be a cruise ship traversing the 
area.  A sample scan is shown in Figure 14.  Results are very similar to that obtained with 
a 4 foot X-band radar. 

Whaler 
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Figure 14:  Six NMI Scan of S-Band Radar 3:50 before Meeting with Whaler   

 
In Scenario 2, shown in Figure 15, a commercial fishing boat is exiting the wind farm at 
the northwest corner, while a westbound high speed ferry turns around the same corner.  
The fishing vessel is traveling at 5 knots, while the fast ferry is traveling at 30 knots.  The 
fishing vessel has a low end 15 inch radar, while the high speed ferry has a 4 foot radar, 
both operating at X-band and set to a 6 nmi range.  Again, the wind is from the 
southwest, there is no precipitation, and seas are calm. 
 
In Figure 16, one radar sweep is shown from the fishing boat.  The radar is located at the 
center of the image.  Notice that the turbines are spread much more broadly here 
compared with that shown in Figure 7.  This is due to the broader beamwidth of the low 
end 15 inch radar displayed.  However, the ferry is still clearly visible just north of the 
wind farm. 
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Ferry 



 

 16 

 
Figure 15:  Vessel Tracks for Scenario 2 

 
Figure 16:  Sample 6 NMI Radar Sweep from Fishing Boat 
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Fishing Boat 



 

 17 

A view from the ferry is shown in Figure 17.  The reflection from the fishing boat 
remains on the display while the false targets occur for only a few scans.  Another view 
from the ferry is shown in Figure 18.  This is just as the ferry turns the corner at the 
northwest of the wind farm. 
 

 
Figure 17:  Sample 6 NMI Radar Sweep from High Speed Ferry 
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Figure 18:  Sample 6 NMI Radar Sweep from 

High Speed Ferry at Northwest Corner of Wind Farm 
   

 
Scenario 3 is shown in Figure 19.  Two fishing vessels are within the wind farm on a 
head-on meeting course.  The southbound vessel is traveling at 5 knots and the 
northbound vessel at 3 knots.  In addition, there is an anchored Boston Whaler sized 
vessel located at approximately the meeting point of the two vessels.  Both fishing 
vessels have low end X-band radars with 15 inch antennas.  The radars are set to a 1.5nmi 
range.  The wind is from the southwest, there is no precipitation, and seas are calm. 
 

Fishing Boat 

Ferry 
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Figure 19:  Vessel Tracks for Scenario 3 

 
Figure 20 shows the view from the northbound vessel.  For this sweep, the southbound 
vessel may not be able to be distinguished from the adjacent wind turbine.  However, this 
is a temporary condition.  The vessel quickly separates from the turbine, as shown in 
Figure 21.  The whaler remains visible in both displays. 
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Figure 20:  1.5 NMI Scan of Fishing Boat Radar 8:42 Before Meeting 

 
Figure 21:  1.5 NMI Scan of Fishing Boat Radar 8:04 Before Meeting 
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Scenario 4 is shown in Figure 22.  A fishing boat is traveling at 10 knots eastbound in the 
north channel while a ferry is northbound at 14 knots on its regular route east of the wind 
farm.  A Boston Whaler sized vessel is traveling at 30 knots within the wind farm and 
exits to the north into the path of the fishing vessel.  The fishing vessel has a low end 15 
inch radar, while the ferry has a 4 foot radar, both operating at X-band and set to a 6 nmi 
range.  Again, the wind is from the southwest, there is no precipitation, and seas are calm. 

 
Figure 22:  Vessel Tracks for Scenario 3 

 
Figure 23 shows a scan of the view from the fishing boat.  The ferry has not yet come 
into radar range.  The whaler can be seen in the scan between the wind turbines.  
Periodically, the whaler is subsumed by the signal spread from a turbine, as shown in 
Figure 24.  Approximately 5 scans (13 seconds) later, the whaler again becomes visible, 
as shown in Figure 25.  Notice that in order to travel toward the fishing boat, the whaler 
must cross the sidelobes of the turbines perpendicularly, rather than travel along the 
sidelobes.  Eventually, the ferry comes into radar range and becomes visible, as shown in 
Figure 26. 
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Figure 23:  Six NMI Scan of Fishing Boat Radar 4:10 Before Meeting with Whaler 

 
Figure 24:  Six NMI Scan of Fishing Boat Radar 3:40 Before Meeting with Whaler 
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Figure 25:  Six NMI Scan of Fishing Boat Radar 2:05 Before Meeting with Whaler 

 
Figure 26:  Six NMI Scan of Fishing Boat Radar 

After Ferry Comes Within Radar Range 
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Several of these scenarios were also run with weather conditions other than calm seas and 
no precipitation.  Mist/fog conditions were run with the radars employing a fast time 
constant (FTC) type of precipitation rejection. 
 
Scenario 1 from the oil barge/tug was rerun with mist conditions.  A sample frame is 
shown in Figure 27.  The whaler becomes more difficult to see under these conditions. 
 

 
Figure 27:  Six NMI Sample Radar Scan from Barge/Tug with Mist Conditions  

 
Scenario 3 was also rerun with mist conditions.  Figure 28 shows a sample frame.  The 
results are similar to the clear weather conditions. 
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Figure 28:  Sample 1.5 NMI Radar Scan from Northbound Fishing Boat in Mist 

 
In addition to mist, rain and sea state 3 conditions were also run for Scenario 1.  The FTC 
also tends to remove the sea clutter.  Figure 29 shows a sample frame.  Detection of the 
whaler under these circumstances is compromised.  However, this would be true of an 
environment without turbines, also.  The ferry remains visible under these conditions. 
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Figure 29:  Sample Six NMI Radar Scan from Barge/Tug with Sea State 3 and Rain   
 
7.0 Summary of Results 
 
The various scenarios run show a variety of typical conditions that vessel radar operators 
will encounter while navigating in Nantucket Sound near and within the proposed wind 
farm.  As expected, and as shown in the two documents by Marico and Brookner, the 
wind farm does have an effect on radar navigation. The scans of the predicted radar 
performance shown earlier in this report are an attempt to place the results in the context 
of actual and potential maritime operations in the Cape Wind environment. 
 
It should be stated first of all that there is a difference between a target being visible and 
that target being noticeable.  Except for transient periods of short duration, all targets of 
interest remained visible on the radar screen.  It is not obvious, however, that all of these 
targets would be noticed by the radar operator without some mitigation techniques in 
either radar performance or maritime operations. 
 
Targets outside the wind farm are easily detected and easily noticed.  Targets within the 
windfarm, however, compete with numerous false targets caused by the turbines.  These 
false targets are caused by a combination of sidelobes and secondary reflections.  Of the 
two, the more distracting seem to be the secondary reflections. 
 
The 130 turbines proposed for Nantucket Sound provide for a much greater number of 
potential false targets than the 30 wind turbines of Kentish Flats. Although a very small 
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percentage of these potential reflections actually result in “blips” on the screen, several of 
these blips do occur.  It should be noted, however, that the vast majority of these 
secondary reflections occur past the opposite side of the wind farm or near the opposite 
side if within the wind farm.  From simple geometry, no secondary reflection can occur 
closer than the second circle of wind turbines in any direction.  Stated another way, for 
the proposed Cape Wind turbine layout, secondary reflections cannot occur within the 
first 1/3 nautical mile past any wind turbine from the radar.  The number of potential 
secondary reflections close to the radar is small, but increases as the distance into the 
wind farm increases. 
 
Additionally, as has been mentioned above in the various scenario discussions, the 
spreading in cross range of the signal from the turbines due to sidelobes/beamwidth also 
decreases with decreasing distance to the radar.  Extremely broad spreading only occurs 
at the far side of the wind farm from the radar. 
 
8.0 Mitigation 
 
Several mitigation techniques can potentially be employed to reduce the effect of the 
turbines on radar.  Radar mitigation techniques could include reducing the radar cross 
section (RCS) of the turbines and increasing the RCS of the vessels within or near the 
wind farm. 
 
Increasing the RCS of vessels within the wind farm would increase the signal strength of 
the radar return from the vessel and result in a more visible vessel.  However, since the 
main problem with the wind farm is not radar visibility, but noticeability, increasing the 
RCS of vessels would have only minor effect on navigational safety. 
 
Decreasing the RCS of the wind turbines would tend to reduce the number of false targets 
present.  Reductions of approximately 10-15dB in turbine RCS could be possible using a 
variety of techniques[10].  However, false targets will still occur, since the turbines would 
remain significant reflecting objects. 
 
Other mitigation strategies associated with radar navigation are outside the scope of this 
study. 
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