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Normalized Ldn/CNEL For Rural Residential w/o 
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$-+&'*%'.!-,$%'?!#'*0?!0/&1/2'-+'?!*-.!*..$0$,-*2!%0&'%%'%!,-!0#'!12*.'%!0#'!2,)'%0!-,$%'!$77$%%$,-!
+,-.$0$,-!3,&!)$-.!0/&1$-'!,++/&%!$%!)#'-!$0!$%!7,%0!'33$+$'-02;!'[0&*+0$-<!'-'&<;!3&,7!0#'!)$-.A!@-!*!
>*>'&!1;!I$22$*7!4*27'&?!4AEOaA?!0#'!'33'+0!,3!(*&;$-<!)$-.!%#'*&%!,-!)$-.!0/&1$-'!-,$%'!$%!
'[>2,&'.BVA!!8$</&'!W!%#,)%!*-!'[*7>2'!,3!0#'!,>0$7*2!)'*0#'&!+,-.$0$,-%!3,&!*!)$-.%#'*&!,3!QAB]!
)$0#!-,!%0*1$2$0;!2*;'&!J0'7>'&*0/&'!$-('&%$,-!1,/-.*&;MA!"#'!@E6!0'%0!/%'%!0#$%!)'*0#'&!+,-.$0$,-!0,!
7'*%/&'!0#'!%,/-.!>,)'&!2'('2%!'7$00'.!1;!0#'!0/&1$-'%A!"#'!E@FGE@H!/%'.!0#*0!.*0*!3,&!$0%!7,.'2A!
"#'!>&,12'7*0$+!%$0/*0$,-!$%!)#'-!0#'&'!$%!#$<#T2'('2!)$-.%#'*&?!%/+#!*%!QA]]?!)$0#,/0!*!%0*12'!
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0#'!0,>!,3!0#'!12*.'%!&,0*0$,-!>*0#!0#'!)$-.%#'*&!,3!QA]]!)$22!1'!7,&'!.$33$+/20!3,&!0#'!0/&1$-'!0,!3$-.!
0#'!,>0$7/7!,>'&*0$-<!7,.'!0#'-!3,&!
0#'!QAB]!)$-.%#'*&A!"#'!2,)!)$-.!
%#'*&!+,-.$0$,-!3,22,)%!*!2,<*&$0#7$+!
&'2*0$,-%#$>!.'%+&$1'.!*%!0#'!4,)'&!
C*)!)#$+#!>'&7$0%!0#'!'%0$7*0$,-!,3!*!
)$-.!%>''.!*0!%,7'!*&1$0&*&;!#'$<#0!
%/+#!*%!0#'!#/1!3&,7!0#'!)$-.!%>''.!*0!
*!2,)'&!#'$<#0!%/+#!*%!*!BQ!7!
7'0',&,2,<$+*2!0,)'&A!!"#'!#$<#'&!
)$-.!%#'*&!+,-.$0$,-%!*&'!7/+#!7,&'!
+,7>2'[!*-.!.'>'-.!,-!0#'!#'$<#0!,3!
0#'!%0*12'!1,/-.*&;!2*;'&A!

N0!-$<#0?!*30'&!0#'!%/-^%!#'*0$-<!,3!0#'!
<&,/-.!%0,>%?!0#'!<&,/-.!+,,2%A!!"#'!
+,-('+0$,-!+/&&'-0%!>&'%'-0!$-!0#'!
.*;0$7'!0#*0!+*/%'!0#'!)*&7'.!*$&!-'[0!
0#'!<&,/-.!0,!&$%'!/>)*&.%!7$[$-<!

)$0#!0#'!/>>'&!2'('2!)$-.%!$-!*!%7,,0#!<&*.$'-0!*2%,!%0,>A!N!+,,2!2*;'&!,3!*$&!3,&7%!*0!0#'!<&,/-.!
*-.!'[0'-.%!/>)*&.%!0,!0#'!1,/-.*&;!2*;'&!)#$+#!)$22!3,&7!*0!*20$0/.'%!,30'-!1'0)''-!SQ!7!0,!BQQ!
7!,&!7,&'!*1,('!0#'!<&,/-.A!"#$%!1,/-.*&;!2*;'&!+*/%'%!*!+,7>2'0'!.$%+,--'+0!1'0)''-!0#'!)$-.!
%>''.%!1'2,)!$0!*-.!*1,('!$0A!9'2,)!0#'!1,/-.*&;!2*;'&!)$-.%!*&'!,30'-!+*27!,&!'('-!%0$22A!"#'&'!$%!
$-%/33$+$'-0!)$-.!0,!+*/%'!2'*3!&/%02'!,&!,0#'&!%,/-.%!*%%,+$*0'.!)$0#!%/&3*+'!2'('2!)$-.%A!8$</&'!W!
)#$+#!$%!'[0&*+0'.!3&,7!D&A!4*27'&^%!>*>'&!%#,)%!0#'!%0*12'!1,/-.*&;!*0!]Q!7!1;!%0,>>$-<!0#'!KiK!
*-.!K+K!7*&:'&%!3,&!)$-.%#'*&!*0!0#*0!#'$<#0A!"#'%'!*&'!0#'!0),!+/&('%!,-!0#'!2'30!%$.'!,3!0#'!3$</&'A!
@0!$%!$7>,&0*-0!0,!/-.'&%0*-.?!0#*0!)#'-!*!%0*12'!1,/-.*&;!2*;'&!3,&7%!0#'!)$-.%!*1,('!0#'!
1,/-.*&;!2*;'&!*&'!,30'-!7,($-<!*0!*!('&;!#$<#!&*0'!*-.!0#*0!&*0'!$-+&'*%'%!&*>$.2;!)$0#!#'$<#0A!@0!$%!
-,0!/-+,77,-!0,!%''!)$-.!%#'*&!+,'33$+$'-0%!,3!QAV!0,!BAQ!,&!#$<#'&!)#'-!0#'%'!+,-.$0$,-%!3,&7A!

",!+,7>,/-.!0#'!%$0/*0$,-?!$3!0#'!%0*12'!1,/-.*&;!2*;'&!3,&7%!*0!*-!'2'(*0$,-!#$<#'&!0#*-!0#'!
1,00,7!,3!0#'!12*.'%!&,0*0$,-!>*0#!0#'!12*.'!)$22!.'%+'-.!$-0,!$0A!Y-.'&!0#'%'!+,-.$0$,-%!0#'!0/&1$-'!
12*.'%!)#$+#!*&'!/-.'&!)$-.!2,*.!*1,('!0#'!%0*12'!1,/-.*&;!2*;'&!2,%'!0#*0!2,*.!)#'-!0#';!'-0'&!
0#'!%0$22!*$&!1'2,)!0#'!1,/-.*&;!2*;'&A!"#$%!$%!%$0/*0$,-!0#*0!0#'!0/&1$-'!,>'&*0$-<!%;%0'7!)#$+#!
.'>'-.%!/>,-!#/1!2'('2!*-'7,7'0'&%!+*--,0!.'0'+0!-,&!+*-!$0!*.L/%0!0#'!12*.'%!0,!*++,/-0!3,&!0#$%!
+#*-<'A!@%!0#$%!+,-.$0$,-!0#*0!D&A!4*27'&!1'2$'('%!>&,./+'%!0#'!7*[$7/7!%,/-.!>,)'&!3&,7!0#'!
0/&1$-'!12*.'%!*-.!$%!&'%>,-%$12'!3,&!0#'!.''>!12*.'!)#,,%#!0#*0!$%!0#'!%,/&+'!,3!+,7>2*$-0%!./&$-<!
-$<#00$7'A!D'*%/&'7'-0%!,3!0/&1$-'%!,>'&*0$-<!0#$%!+,-.$0$,-!#*('!%#,)-!12*.'!)#,,%#!J*7>2$0/.'!
7,./2*0$,-M!,3!_!0,!BR!.9N!*1,('!0#'!-,&7*2!%,/-.!2'('2%A!8,&!0#'!%$0/*0$,-!,3!#$<#!)$-.!%#'*&!
)$0#,/0!0#'!%0*12'!1,/-.*&;!2*;'&!12*.'!)#,,%#!J*7>2$0/.'!7,./2*0$,-M!-,&7*22;!&*-<'%!3&,7!R!0,!
_!.9NA!

"#$%!>#'-,7'-,-!#*%!*2%,!1''-!%0/.$'.!1;!=&A!8&$0X!(*-!.'-!9'&<!3,&!#$%!<&*./*0'!0#'%$%!0$02'.P!K"#'!
F,/-.%!,3!c$<#!I$-.%A!!@-!K"#'!F,/-.%!,3!c$<#!I$-.%!K!=&A!(*-!.'-!9'&<!>&'%'-0%!*!7'0#,.!3,&!
.'0'&7$-$-<!0#'!$-+&'*%'.!%,/-.!>,)'&!'7$00'.!1;!)$-.!0/&1$-'%!3,&!(*&$,/%!7$%7*0+#'%!1'0)''-!
0#'!,>0$7/7!*-<2'%!,3!*00*+:!3,&!0#'!12*.'%!*-.!)#*0!,++/&%!)#'-!0#'!12*.'%!*&'!-,0!*0!0#'!
,>0$7/7!*-<2'!./'!0,!#$<#!)$-.!%#'*&A!c'!%#,)%!0#*0!$-+&'*%'%!,3!BQ!.9!+*-!1'!'[>'+0'.!3,&!*-<2'!
7$%7*0+#'%!,3!bj!,&!7,&'A!E('-!%2$<#0!7$%7*0+#'%!,3!]!0,!Vj!+*-!$-+&'*%'!%,/-.!>,)'&!1;!W!0,!_!
.9NA!
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",!3/&0#'&!+,7>2$+*0'!0#'!*%%'%%7'-0!,3!*!)$-.!0/&1$-'%!%,/-.!>,)'&!/-.'&!&'*2!),&2.!%$0/*0$,-%!
0#'!*07,%>#'&$+!+,-.$0$,-!,3!*!%0*12'!*07,%>#'&'!$%!*!('&;!+,77,-!3'*0/&'!,3!)*&7!%'*%,-!-$<#0%A!!

"#'!F,/-.!4,)'&!.*0*!JC)M/%'.!$-!0#'!%,/-.!>&,>*<*0$,-!7,.'2%!.,'%!-,0!&'>&'%'-0!0#'!-,$%'!
>&,./+'.!1;!)$-.!0/&1$-'%!./&$-<!-$<#00$7'!,>'&*0$,-%!)$0#!#$<#!)$-.!%#'*&!*-.!%0*12'!
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D,&',('&?!'%>'+$*22;!*0!#$<#!&,0*0$,-*2!%>''.%!0#'!0/&1$-'%!>&,./+'!*!k0#/7>$-<l?!$7>/2%$('!
%,/-.?!$-+&'*%$-<!*--,;*-+'!3/&0#'&A!!@0!$%!+,-+2/.'.!0#*0!>&'.$+0$,-!,3!-,$%'!$77$%%$,-!*0!
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#$<#!)$-.!%#'*&A!"#$%!K0#/7>$-<K!+*-!7,./2*0'!1;!R!0,!BQ!.9N!,&!7,&'!*-.!$%!*!&'%/20!,3!$-+&'*%'.!
%,/-.!>,)'&!'7$%%$,-%!3&,7!0#'!)$-.!0/&1$-'^%!12*.'%A!

9*%'.!,-!0#$%!&'($')'&^%!'[>'&$'-+'!0#'!-$<#00$7'!-,$%'!$%!$-+&'*%'.!1;!*0!2'*%0!R!.9N!,('&!)#*0!$%!
,1%'&('.!3,&!%$7$2*&!#/1!2'('2!)$-.!%>''.%!./&$-<!0#'!.*;!/-.'&!*!-'/0&*2!*07,%>#'&'!*-.!0#'!
-,$%'!0*:'%!,-!*-!$7>/2%$('!+#*&*+0'&!./'!0,!0#'!12*.'!%)$%#G0#/7>A!!!@3!0#'!$-+&'*%'.!%,/-.!>,)'&!
+*/%'.!1;!0#'!-$<#00$7'!*07,%>#'&$+!+,-.$0$,-%!#*.!1''-!*..'.!0,!0#'!7*-/3*+0/&'&^%!%,/-.!>,)'&!
3,&!-'/0&*2!*07,%>#'&$+!+,-.$0$,-%!0#'!>&'.$+0'.!(*2/'%!$-!0#'!E@FGE@H!),/2.!1'!R!.9N!,&!7,&'!
#$<#'&!0#*-!)#*0!$%!%#,)-!$-!0#'!&'>,&0!0*12'%!*-.!+,-0,/&!7*>A!

@-!0'7>'&*0'!X,-'!+2$7*0'%!$0!+*-!,++/&!*%!,30'-!*%!UQh!,3!%/77'&!'('-$-<%A!!@-!*!.'%'&0!
'-($&,-7'-0?!)#'&'!0#'!%,2*&!#'*0$-<!*-.!-$<#00$7'!+,,2$-<!+*-!1'!'('-!7,&'!'[0&'7'!*!%0*12'!
*07,%>#'&'!7*;!1'!'('-!7,&'!+,77,-A!F$-+'!0#'!@E6!UB]QQ!m!BB!7'*%/&'7'-0!>&,+'./&'!,-2;!
>&,($.'%!$-3,&7*0$,-!3,&!0#'!%,/-.!>,)'&!/-.'&!0#'!-'/0&*2!*07,%>#'&'!*-.!2,)!)$-.%#'*&!/%'!,3!
0#'!.*0*!3&,7!0#*0!%0*-.*&.!)$22!+,-%$%0'-02;!/-.'&!>&'.$+0!0#'!%,/-.!2'('2%!,3!)$-.!0/&1$-'%!./&$-<!
0#'%'?!-$<#00$7'!+,-.$0$,-%A!!"#$%!*33'+0%!0#'!>&'.$+0'.!%,/-.!2'('2%!$-!0#'!E@FGE@HA!!@3!0#'!7,.'2!$%!
0,!&'>&'%'-0!0#'!>&'.$+0*12'!),&%0!+*%'!%$0/*0$,-!0#'-?!*0!7$-$7/7?!R!.9!),/2.!-''.!0,!1'!*..'.!0,!
*22!>&'.$+0'.!%,/-.!2'('2%A!

"#$%!&'($')!$.'-0$3$'.!*-,0#'&!%$<-$3$+*-0!.'3$+$'-+;!$-!0#'!+,7>/0'&!7,.'2A!!"#'!7,.'2!3*$2%!0,!
.$%+2,%'!*-.!$-+2/.'!0#'!0,2'&*-+'%!J+,-3$.'-+'!2$7$0%M!3,&!$-%0&/7'-0*0$,-!'&&,&!,3!0#'!@E6!UB]QQTBB!
0'%0!>&,+'./&'%!,3!d!S!.9!*-.!*2%,!.$.!-,0!$-+2/.'!0#'!0,2'&*-+'%!3,&!0#'!@F5!bUBWTS!7,.'2$-<!
>&,+'./&'!,3!d!W!.9A!@3!0#'!7,.'2!#*.!$-+2/.'.!>&,>'&!*.L/%07'-0%!3,&!0#'!+,-3$.'-+'!2$7$0%!0#'!
&'%/20%!%#,)-!,-!0#'!+,-0,/&!7*>%!*-.!0*12'%!,3!0#'$&!&'>,&0!),/2.!1'!WAU!.9!#$<#'&!0#*-!%0*0'.BbA!!!
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"#'!%,/-.!>&,>*<*0$,-!7,.'2$-<!%,30)*&'!/%'.!3,&!0#'!%,/-.!7,.'2%!$%!*!<'-'&*2!>/&>,%'!7,.'2!
.'%$<-'.!3,&!7,.'2$-<!-,$%'!3&,7!+,77,-!/&1*-!-,$%'!%,/&+'%!2$:'!$-./%0&$*2!>2*-0%?!&,*.%?!*-.!
&*$2)*;%A!"#'!@F5!F0*-.*&.!2$7$0%!/%'!,3!$0%!7'0#,.%!0,!-,$%'!%,/&+'%!0#*0!*&'!-,!7,&'!0#*-!WQ!
7'0'&%!*1,('!0#'!&'+'$($-<!2,+*0$,-%A!N!)$-.!0/&1$-'!)$0#!*!#/1!#'$<#0!,3!_Q!7'0'&%!'[+''.%!0#$%!
@F5!2$7$0*0$,-!1;!RQ!7'0'&%A!!"#'!E@FGE@H!&'>,&0!.$.!-,0!.$%+2,%'!0#$%!2$7$0*0$,-!,&!7*:'!*-;!'33,&0!
0,!*++,/-0!3,&!0#'!'&&,&%!0#*0!7*;!*++&/'!3&,7!0#'!-,$%'!%,/&+'!'[+''.$-<!0#'!%,/&+'!#'$<#0!2$7$0%A!!
F,/-.4CNO!VAQ!$%!1*%'.!,-!0#'!@F5!%0*-.*&.!*-.!0#/%!2$7$0*0$,-%!0,!0#'!%0*-.*&.!*>>2;!'Z/*22;!0,!
0#'!E@FGE@H!7,.'2!&'%/20%A!"#'!.'($*0$,-%!3&,7!0#'!*%%/7>0$,-%!,3!0#'!@F5!%0*-.*&.!7'*-!0#*0!0#'!
%0*0'.!+,-3$.'-+'!2$7$0%!,3!iGT!W!.9!*&'!2$:'2;!'[+''.'.A 

"#'!&'%/20!,3!0#'%'!0),!3*$2$-<%?!J/-.'&%0*0'.!C)!*-.!-,0!$-+2/.$-<!:-,)-!0,2'&*-+'%M!$%!0#*0!0#'!
&'>,&0'.!E@FGE@H!7,.'2!&'%/20%!*&'!2$:'2;!_!.9!,&!7,&'!2,)'&!JWAU!.9!3,&!+,-3$.'-+'!2$7$0%!*-.!
*-,0#'&!R!3,&!#$<#!)$-.!%#'*&!+,-.$0$,-%M!0#*-!)#*0!)$22!,++/&!,-!*!>&'.$+0*12'!),&%0!+*%'!-$<#0A!!
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"There is controversy whether prolonged exposure to the sounds generated by wind turbines adversely affects 
human health. The un-weighted spectrum of wind turbine noise slowly rises with decreasing frequency, with 
greatest output in the 1-2 Hz range. As human hearing is insensitive to infrasound (needing over 120 dB SPL to 
detect 2 Hz) it is claimed that infrasound generated by wind turbines is below threshold and therefore cannot 
affect people. The inner hair cells (IHC) of the cochlea, through which hearing is mediated, are velocity-sensitive 
and insensitive to low frequency sounds. The outer hair cells (OHC), in contrast, are displacement-sensitive and 
respond to infrasonic frequencies at levels up to 40 dB below those that are heard."  
"A review found the G-weighted noise levels generated by wind turbines with upwind rotors to be approximately 
70 dBG. This is substantially below the threshold for hearing infrasound which is 95 dB G but is above the 
calculated level for OHC stimulation of 60 dB G. This suggests that most wind turbines will be producing an 
unheard stimulation of OHC. Whether this is conveyed to the brain by type II afferent fibers or influences other 
aspects of sound perception is not known. Listeners find the so-called amplitude modulation of higher frequency 
sounds (described as blade “swish” or “thump”) highly annoying. This could represent either a modulation of 
audible sounds (as detected by a sound level meter) or a biological modulation caused by variation of OHC gain 
as operating point is biased by the infrasound. Cochlear responses to infrasound also depend on audible input, 
with audible tones suppressing cochlear microphonic responses to infrasound in animals. These findings 
demonstrate that the response of the inner ear to infrasound is complex and needs to be understood in more detail 
before it can be concluded that the ear cannot be affected by wind turbine noise." 
!
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