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Figure	8.2	Predicted	average	noise	levels	including	south	of	WTs	118-121,	50	and	45	dBA	
contours.	Red	dots	are	non-participating	residences;	green	dots	are	participating.	From	
November	2018	analysis.	Yellow	arrow	shows	analysis	path.	
	

	
	
	
Figure	8.3	Predicted	average	noise	levels	including	east	of	WT11,	50	and	45	dBA	contours.	
Red	dots	are	non-participating	residences;	green	dots	are	participating.	From	November	
2018	analysis.	Yellow	arrow	shows	analysis	path.	
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Figure	8.4	Distances	associated	to	predicted	noise	levels.	
	

	
	
8.1	Two	paths	leading	away	from	the	turbine	locations	(see	Figures	8.1-8.3)	were	measured	
for	noise	level	versus	distance	and	plotted	on	Figure	8.4	to	estimate	distances	to	40	and	35	
dBA	levels	from	the	facility.	Levels	near	WT11	are	representative	of	those	near	a	single	
turbine	with	many	further	away.	Levels	near	WTs	118-121	are	representative	of	those	near	a	
number	of	turbines	nearby	in	a	row.	As	a	preliminary	analysis,	noise	level	drops	with	
distance	linearly	on	a	semi-log	chart.	The	distance	to	40	dBA	ranges	from	roughly	3800	feet	
(2/3	mile)	to	a	little	over	1	mile.	The	distance	to	35	dBA	ranges	from	roughly	7200	feet	(1-1/3	
mile)	to	2	miles.	Thresholds	shown	include:	
	

• Black	dashed	line:	Deuel	County	sound	limits.	
• Red	dashed	line:	WHO	2009	threshold	for	sleep	disturbance.	
• Green	dashed	line:	ANSI	S12.9	threshold	for	incompatibility	for	an	unfamiliar	

intrusive	noise	in	a	quiet	rural	area.	
	
8.2	Wind	turbine	Lmax	maximum	levels	have	been	measured	using	ANSI	standards	and	are	
readily	available	from	field	studies,	example	the	MassCEC	Study	[10].		
	

                                                        
10	RSG	et	al,	“Massachusetts	Study	on	Wind	Turbine	Acoustics,”	Massachusetts	Clean	Energy	Center	and	
Massachusetts	(MassCEC)	Department	of	Environmental	Protection,	2016.	
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8.3	Recent	testimony	from	wind	industry	experts	confirmed	that	wind	turbine	Lmax	noise	
levels	are	as	much	as	11	dBA	above	the	long	term	average	(Leq,	the	"equivalent"	noise	level	
is	considered	an	"average"	for	a	noise	measurement	period).	In	a	court	case	(United	States	
District	Court,	Eastern	District	of	Michigan	Northern	Division,	Case	No.	17-cv-10497)	
evidence	was	submitted	by	consultants	for	the	wind	industry	(RSG,	Inc.	and	Epsilon	
Associates	to	Tuscola	Wind	III,	LLC)	documenting	the	MassCEC	Study	having	determined	
ranges	of	Lmax	values	from	6	to	11	dB	greater	than	the	Leq	and	stating	"For	this	study,	to	be	
conservative,	we	are	using	an	additional	11	dB	adjustment	above	the	+2.0	dB	already	
modeled."	[11]	(Lmax	=	Leq	+	11,	dBA).	
	
8.4	Recent	testing	in	a	quiet	rural	area	in	Vermont	[12]	confirmed	that	the	A-weighted	
outdoor-to-indoor	wind	turbine	noise	level	reduction	(OILR)	can	be	very	poor,	on	the	order	
of	1-3	dBA	with	windows	fully	open,	and	only	6	dBA	with	windows	partially	open.	Most	
people	keep	one	or	more	house	windows	at	least	partially	open	during	much	of	the	year		to	
let	fresh	air	indoors	as	part	of	their	normal	use	of	their	property.	From	experience,	this	is	
true	for	many	households	even	in	winter,	especially	if	a	wood	stove	is	used	for	heat.		
	
8.5	Standard	ISO	9613-2	provides	the	basis	algorithm	in	modeling	software	used	for	noise	
prediction	including	for	wind	turbines.	The	standard	provides	a	long	term	average	noise	level	
subject	to	inherent	variability	(estimate	of	accuracy)	of	+/-	3	dBA	to	1000	meters	(3280	feet);	
an	estimate	of	accuracy	beyond	1000	meters	is	not	provided.		
	
8.6	Wind	industry	noise	research	beyond	1000	meters	[13]	found	"Averaged	far-field	noise	
levels	of	a	2 MW	wind	turbine	vary	up	to	7	dBA	over	a	diurnal	cycle.	Enhanced	far-field	
amplitude	modulation	depths	are	observed	during	evening	and	night."		
	
8.7	Thus	a	predicted	sound	level	of	40	dBA	within	1000	meters	of	a	wind	turbine	could	result	
in	a	long	term	average	noise	level	ranging	as	loud	as	43	dBA	(ISO	9613-2	uncertainty	of	+/-	3	
dBA),	and	an	associated	potential	maximum	noise	level	as	loud	as	52	dBA	(Leq+11).	Similarly,	
beyond	1000	meters,	a	predicted	average	noise	level	of	35	dBA	could	be	as	loud	as	an	
average	of	38	dBA,	with	potential	maximum	noise	levels	of	49	dBA.	
	
8.8	There	is	no	support	in	ISO	9613-2	for	asserting	that	the	actual	facility	noise	levels	will	
never	exceed	predicted	levels.	As	stated	in	the	ISO	9613-2	model	standard,	the	estimates	of	
accuracy	in	ISO	9613-2	Table	5	"should	not	necessarily	be	expected	to	agree	with	the	
variation	in	measurements	made	at	a	given	site	on	a	given	day.	The	latter	can	be	expected	to	
                                                        
11	Memo,	from	Ken	Kaliski,	P.E.,	INCE	Bd.	Cert.,	RSG	Richard	Lampeter,	Epsilon	Associates	to	Ryan	Rumford,	
NextEra	Energy	Resources,	December	22,	2016.	
12	"Acentech	measurements	in	July	2014	under	similar	test	conditions	did	generally	agree	with	this	value;	and	
depending	on	the	measurement	location	within	the	room,	yielded	an	OILR	value	of	about	1	to	3	dBA	with	the	
windows	fully	open.",	Acentech	Report	to	Vermont	Public	Service	Department,	Vermont	Public	Service	Board	
Docket	7156,	Acentech	Project	624219,	25	September	2015.	
13	Barlas	et	al,	Variability	of	wind	turbine	noise	over	a	diurnal	cycle,	Renewable	Energy	Volume	126,	October	
2018,	Pages	791-800.	https://doi.org/10.1016/j.renene.2018.03.086.	Renewable	Energy	is	the	"Official	Journal	
of	the	World	Renewable	Energy	Network".	
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be	considerably	larger..."	
	
8.9	Based	on	wind	industry	data	[11],	average	wind	turbine	noise	levels	of	40	dBA	(Leq)	
outside	at	a	home	have	a	potential	maximum	noise	level	(Lmax)	as	loud	as	51	dBA.	Assuming	
a	6	dBA	noise	reduction	outdoors	to	indoors,	the	Lmax	noise	level	indoors	can	range	up	to	45	
dBA;	by	WHO	guidelines	based	on	less	annoying	transportation	noise	[14],	more	than	loud	
enough	to	disturb	sleep.	
	
8.10	Periodic	wind	turbine	noise	(such	as	"whumps"	or	"thumps"	as	often	reported	by	
neighbors)	with	a	long	term	average	of	35	dBA	outdoors	could	result	in	outdoors	Lmax	noise	
levels	as	loud	as	46	dBA,	with	resulting	sudden	intrusive	noise	levels	indoors	as	loud	as	40	
dBA,	well	above	the	Lmax	sleep	disturbance	thresholds	for	EEG	awakening	and	motility	
established	by	WHO	sufficient	evidence.		
	
8.11	Wind	turbines	with	pitch	control	such	as	the	GE	2.82-127	can	be	modified	to	run	at	
slower	speeds	and	lower	power	on	demand,	ostensibly	reducing	noise	levels.	This	method	of	
control	is	sometimes	referred	to	as	"Noise	Reduced	Operation"	or	NRO.	Some	wind	turbine	
manufacturers	offer	1-dB	to	4-dB	NRO	settings	which	can	be	engaged	or	freed	with	SCADA	
controls,	which	they	market	as	a	1	to	4	dBA	noise	reduction	for	the	wind	turbine	when	
operated	within	turbine	design	specifications.	Does	NRO	work	reliably?	It	is	generally	
accepted	that	it	takes	a	3-dBA	change	for	people	to	notice	a	difference.	
	
8.12	No	Guarantees:	NRO	operations	are	not	guaranteed	to	reduce	loudness	at	the	installed	
location	under	real-world	conditions.	NRO	controls	were	tested	extensively	with	GE's	
technical	assistance	at	a	3x1.5MW-turbine	wind	facility	in	Vinalhaven,	Maine.	No	significant	
reduction	in	loudness	was	obtained	[15]	in	real-world	operation.	I	have	seen	no	news	
reports	or	technical	reports	in	the	last	nine	years	confirming	that	NRO	works	reliably	in	all	
atmospheric	conditions	in	the	real	world	outside	test	facilities.	Whereas	the	County	law	is	
unbending;	average	noise	levels	must	not	exceed	the	noise	limit	anytime.	
	
8.13	The	application	did	not	assess	for	perceptible	vibration	at	nearby	homes.	It	is	well	
known	from	basic	field	research	that	noise	can	produce	vibrations	in	homes	that	are	
humanly	perceptible,	as	outlined	by	Hubbard	[16].	Hubbard's	Figure	8	provides	a	composite	
guideline	for	whole	body	vibration	perception.	
	
8.14	There	is	no	evidence	to	date	that	wind	turbine	noise	is	somehow	less	annoying,	lower	in	
apparent	loudness,	or	that	an	Leq-outdoors	or	Lmax-indoors	sound	level	from	a	wind	turbine	
modulation	is	less	capable	of	provoking	sleep	disturbance	or	high	noise	annoyance	or	

                                                        
14	Pedersen	et	al.:	Response	to	wind	farm	noise,	J.	Acoust.	Soc.	Am.,	Vol.	126,	No.	2,	August	2009.	
15	Ben	Hoen	et	al,	"Assessing	the	Impacts	of	Reduced	Noise	Operations	of	Wind	Turbines	on	Neighbor	
Annoyance:	A	Preliminary	Analysis	in	Vinalhaven,	Maine",	Lawrence	Berkeley	National	Laboratory,	LBNL-3562E,	
June	2010.	https://emp.lbl.gov/sites/all/files/lbnl-3562e.pdf	
16	Hubbard,	H.,	"Noise	Induced	House	Vibration	and	Human	Perception",	Noise	Control	Engineering	Journal,	
Volume	9	No.2,	pp.	49-55,	September-October	1982.	
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community	response	than	noise	levels	from	transportation	noise	on	which	the	WHO	
sufficient	evidence	for	sleep	disturbance	is	based.	Thus	the	WHO	guidelines	provide	working	
baseline	criteria	for	assessing	wind	turbine	A-weighted	noise	levels.	While	the	A-weighted	
noise	level	that	filters	out	low	frequency	noise,	unfiltered	noise	and	vibration	levels	either	
predicted	or	measured	can	be	compared	to	known	criteria	from	Hubbard.	
	

Figure	8.5	Hubbard	1982,	Figure	8;	curve	represents	the	combined	responses	of	a	person	in	
either	the	up	and	down,	fore	and	aft,	or	sideways	directions	whichever	is	the	most	sensitive.	
The	composite	guidelines	curve	of	Fig.	8	is	judged	to	be	the	best	representation	of	the	
available	whole	body	(most	sensitive	axis)	vibration	perception	data	(Hubbard).	
	
	
8.14	Hubbard's	Figure	9	outline	"perceptible	vibrations"	thresholds	spanning	the	low-
frequency	range	from	0.1	to	100	Hz	in	one-third	octave	bands.		
		

Figure	8.6	Hubbard	1982,	Figure	9;	indicates	the	outside	sound	pressure	levels	in	given	one-
third	octave	bands	causing	perceptible	vibration	inside	a	house	structure.	
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8.15	One-third-octave	band	sound	levels	acquired	outdoors	during	partial	power	operation,	
for	the	widely	spaced	wind	facility	comprised	of	eight,	Nordex	2.5-100	2.5MW	turbines	at	
Shirley,	were	superimposed	on	the	Hubbard	data	in	Figure	1	below.		
	

	
Figure	8.7	Perceptible	Vibration.	From	outdoors	noise	levels	acquired	at	a	comparable	wind	
turbine	facility,	appears	certain	for	the	Application.	Note:	Hubbard's	Figure	9	indicates	the	
outside	sound	pressure	levels	in	given	one-third	octave	bands	that	will	cause	perceptible	
vibration	inside	a	house	structure.	To	this,	outdoors	1/3	octave	band	sound	levels	acquired	
at	Shirley,	WI	2012	during	partial	power	operation	were	superimposed	(�),	along	with	the	
median	audibility	threshold	listed	in	ISO	226	(range	+/-12dB).	The	figure	shows	that	vibration	
is	possible	from	wind	turbine	noise	and	perceivable	indoors	as	sensation	well	below	the	
median	audible	threshold	(which	has	a	standard	deviation	of	6+	dB	at	low	frequencies).	
	
8.16	How	do	these	low	frequency	noise	levels	at	Shirley	relate	to	probable	low	frequency	
noise	levels	at	the	distances	for	neighbors	in	Deuel	County?	It	appears	they	may	be	roughly	
equivalent,	based	on	analysis	below.	
	

• The	Application's	proposed	2.82-127MW	turbines	are	louder	(A-weighted)	than	the	
Shirley	2.5MW	turbines.	The	Application	turbine	blades	are	longer,	and	with	more	
turbines	the	likelihood	of	inflow	turbulence	from	other	turbines	is	increased,	with	
resulting	increased	low	frequency	noise	levels	by	at	least	1	or	more	decibels	[17,18].	

• The	data	shown	in	Figure	1	is	for	partial	power	conditions;	during	Shirley	testing,	
Duke	Energy	did	not	supply	full	power	operations	despite	apparent	suitable	wind	

                                                        
17	Møller,	H.;	Pedersen,	C.S.	Low-frequency	noise	from	large	wind	turbines.	J.	Acoust.	Soc.	Am.	129	(6),	3727–
3744.	
18	Shepherd,	D.;	Hanning,	C.;	Thorne,	R.	Noise:	Windfarms.	Encyclopedia	of	Environmental	Management	DOI:	
10.108/E-EEM-120047802,	2012.	
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conditions.	At	full	power	the	low	frequency	noise	levels	are	expected	to	be	higher.		
• Unlike	for	higher	frequency	noise	sources,	wind	turbine	low	frequency	noise	levels	

drop	with	cylindrical	propagation	beyond	a	kilometer	with	near	and	far	turbines	
contributing	to	primarily	low	frequency	immissions	at	residential	properties.	The	
charted	levels	are	judged	to	approximate	noise	levels	for	distances	to	neighbors	of	
about	a	1/2	mile,	remaining	in	the	range	of	perception	[19].		

• Wind	turbines	are	not	steady	noise	sources;	they	exhibit	amplitude	modulation	that	
increases	noise	levels	well	over	the	averages	often	quoted.	Peak	or	maximum	noise	
levels	can	range	much	higher	[20],	supporting	greater	perception	in	a	wider	range	of	
frequencies.	Barometric	oscillations	at	blade	pass	frequencies	may	excite	house	
structural	resonances	and	increase	sound	levels	indoors	through	sudden	pressure	
pulsations	impacting	the	house	exterior	[21].	The	peak	perception	frequencies	in	
Figure	1	are	in	the	frequency	range	of	house	wall	and	window	resonances.	

• The	use	of	so-called	"LNTE"	blades	appears	to	provide	no	low	frequency	noise	
reduction	in	the	range	associated	to	perception	by	Hubbard.	The	figure	below	shows	
a	comparison	of	standard	and	LNTE	blade	technologies	for	the	GE	2.5-116	[22].		

	

Figure	8.8	LNTE	noise	reduction	limited	to	mid-frequency	bands,	shifts	acoustic	signature	to	
low	frequencies.	
	

                                                        
19	Marcillo,	O.,	S.	Arrowsmith,	P.	Blom,	and	K.	Jones	(2015),	On	infrasound	generated	by	wind	farms	and	its	
propagation	in	low-altitude	tropospheric	wave-guides,	J.	Geophys.	Res.	Atmos.,	120,	9855–9868,	
doi:10.1002/2014JD022821.	
20	Memo,	from	Ken	Kaliski,	P.E.,	INCE	Bd.	Cert.,	RSG	Richard	Lampeter,	Epsilon	Associates	to	Ryan	Rumford,	
NextEra	Energy	Resources,	December	22,	2016.	
21	Ambrose,	S.	E.,	Krogh,	C.	M.,	Rand,	R.W.,	"Wind	Turbine	Acoustic	Investigation:	Infrasound	and	Low-	
Frequency	Noise--A	Case	Study",	SAGE	Bulletin	of	Science	Technology	&	Society	2012	32:128.	
22	Source,	Pre-Construction	Noise	Impact	Assessment	for	the	proposed	Canisteo	Wind	Farm,	NY	State	Board	
on	Electric	Generation	Siting	and	the	Environment	Case	16-F-0205,	October	23,	2018.	Figure	3-3,	GE	2.5-116.	
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8.17	Three	things	are	evident	from	this	comparison:	
	

• LNTE	provides	no	noise	reduction	below	100	Hz	in	the	16,	31.5	and	63	Hz	octave	
bands,		

• the	bulk	of	the	wind	turbine	noise	output	is	low-frequency,	below	200	Hz,	and		
• use	of	LNTE	blades	shifts	the	wind	turbine	acoustic	signature	into	lower	frequencies,	

thus	an	A-weighted	predicted	noise	level	consists	more	of	low	frequency	noise	than	
for	a	non-LNTE	turbine.	

	
8.18	Perception	of	noise	from	wind	turbines	was	documented	as	occurring	some	10	dB	
below	ambient	sound	levels	from	wind	in	trees	[23],“From	the	experimental	results	it	has	
been	observed	that	the	masking	threshold	occur	when	the	wind	turbine	noise	level	is	around	
10	dB	lower	than	the	ambient	sound	levels.”	For	example,	wind	noise	would	have	to	55	dBA	
to	start	to	mask	wind	turbine	noise	at	45	dBA,	and	does	not	assure	masking	of	strong	low	
frequency	periodic	whumping.	Nor	does	ambient	wind	noise	prevent	wind	turbine	low-
frequency	noise	and	pressure	pulsations	from	impinging	on,	penetrating	and	shaking	homes.

                                                        
23	Bolin,	K.,	"Wind	Turbine	Noise	and	Natural	Sounds-	Masking,	Propagation	and	Modeling",	Doctoral	Thesis,	
Royal	Institute	of	Technology,	Stockholm,	Sweden,	2009.	
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ATTACHMENT	9:	BACKGROUND:	WIND	TURBINE	NOISE	
	
9.1	In	the	mid	1980s	the	US	Department	of	Energy	(Kelley	et	al)	found	that	large	wind	
turbine	technology	(2	MW)	produced	strong	annoyance	as	far	as	several	kilometers	and	
presented	these	finding	in	papers	and	to	the	wind	industry.	Kelley	et	al	identified	impulse	
pressure	pulsations	at	the	blade	pass	frequency	were	connected	to	"transient	stall"	during	
the	blade	passage	in	front	of	the	tower.	Kelly	et	al	also	identified	low-frequency	noise	as	a	
dominant	factor	in	annoyance	at	neighbors	many	thousands	of	feet	away	(similar	to	
complaints	of	thumping	and	low	frequency	tones	in	neighborhoods	near	large	rock	
concerts).	The	wind	industry	quickly	changed	reversed	the	blade	design	so	that	the	blades	
were	rotating	in	front	of	the	tower	rather	than	behind.	However	this	did	not	eliminate	the	
transient	stall	impulse	pulsations,	it	only	reduced	them	(and	set	up	other	problems	including,	
how	to	keep	the	turbine	faced	into	the	wind	and,	preventing	the	bending	blades	from	
striking	the	tower).	A	more	effective	way	of	minimizing	the	acoustic	pressure	impulse	
pulsations	and	low	frequency	noise	was	needed.	
	
9.2	In	the	mid	1990s	a	wind	turbine	noise	measurement	standard	was	developed	(IEC	61400-
11)	which	required	A-weighting	filtering	on	all	measurements.	A-weighting	is	used	for	
assessing	speech	frequencies	and	hearing	loss	and	filters	out	low	frequency	noise.	At	the	
wind	turbine	blade	pass	frequency	of	around	1	Hz,	an	A-weighted	microphone	signal	is	
attenuated	by	-149	dB,	rendering	it	invisible	to	testing	or	later	assessment.	Similarly	low	
frequency	noise	at	10	and	20	Hertz	(a	range	where	house	resonances	occur)	is	attenuated	by	
-70	and	-50	dB,	respectively,	almost	impossible	to	detect	or	assess.	A	comparison	of	the	
unweighted	and	A-weighted	sound	power	levels	for	a	modern	wind	turbine	shows	how	
much	has	been	deliberately	hidden	by	the	wind	industry	standard:	about	99	percent	of	total	
acoustic	power	output.		
	

Vestas	V90-3MW	 Unweighted	(dB)	 A-weighted	(dBA)	
Sound	Power	Level,	dB	re	1pW	 128.5	dB	 109.4	dBA	

Percentage	total	power	 100	%	 1	%	
	
It	is	hard	to	imagine	a	cheaper	and	more	effective	way	to	prevent	understanding	or	proper	
assessment	of	the	low	frequency	output	of	wind	turbines	than	to	A-weight	the	data.	
	
C-weighting	has	response	within	6	dB	at	20	Hz	below	which	noise	turns	from	audible	sound	
to	sensation.	C-weighting	covers	about	1/4	of	total	wind	turbine	acoustic	emissions.	The	bulk	
of	large	wind	turbine	acoustic	power	output	is	infrasonic	(sensation	range).	
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9.3	To	date,	distance	has	proved	the	only	reliable	noise	control	option	available	for	wind	
turbines.	Distance	must	be	scaled	sufficiently	to	turbine	size	and	power	output	prior	to	
permit.	If	complaints	occur	during	operation,	the	only	reliable	noise	control	option	available	
is	shutdown.	This	has	been	confirmed	at	multiple	sites	including	Falmouth,	Fairhaven,	and	
Kingston,	Massachusetts,	where	municipal-owned	turbines	have	been	shut	down	at	night	or	
permanently	shut	down	under	court	order.	In	an	apparent	nod	to	wind	turbine	noise	control	
deficiencies,	regulatory	and	oversight	bodies	have	adopted	minimum	distance	requirements	
for	wind	turbines,	including	Poland,	Bavaria,	the	Cape	Cod	Commission,	and	many	others.		
	
9.4	It	is	worth	noting	that	no	one	is	putting	a	gun	to	an	applicant's	head	and	demanding	they	
use	wind	turbines	to	generate	electric	power.	All	other	electric	power	generation	
technologies	have	numerous	noise	control	options:	enclosing	noisy	equipment	in	buildings,	
insulating	buildings,	lagging	piping	and	ductwork,	installing	air	and	gas-flow	silencers,	
erecting	barriers,	and	the	list	goes	on.	Whereas	wind	turbine	facility	applicants	have	
voluntarily	selected	a	deficient	technology:	the	only	reliable	noise	control	option	for	wind	
turbines	is	sufficient	setback	distance	set	during	permitting.	
	
9.5	In	contrast	to	all	other	forms	of	power	generation,	nuclear,	gas,	coal,	oil,	biomass,	solar,	
and	hydro	as	examples:	wind	turbine	facilities	are	now	elevated	hundreds	of	feet	into	the	
air.	Wind	turbines	operate	more	at	aircraft	height	than	ground	height.	Wind	turbines	must	
remain	exposed	to	the	wind:	additional	noise	control	at	the	source	is	not	possible	(confirmed	
by	Vestas	CEO,	2011).	Similarly,	due	to	the	tremendous	height	of	the	wind	turbine	noise	
source,	barrier	walls	are	not	feasible.	And	similarly,	the	predominantly	low	frequency	noise	
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emitted	by	wind	turbines	is	not	easily	reduced	by	acoustic	controls	in	homes;	low	frequency	
noise	and	"whump	whump"	pulsations	from	wind	turbines	penetrate	and	shake	homes.	
	
9.6	This	single,	inescapable	noise	control	design	deficiency	of	wind	turbines	seems	to	drive	
the	entire	contentious	wind	facility	design	and	permitting	process.	Wind	turbine	hearings	are	
dominated	by	attorneys.	Disturbingly,	wind	sound	consultants	who	are	INCE	members	
required	by	INCE	Membership	to	"hold	paramount	the	safety,	health	and	welfare	of	the	
public"	are	noticeably	silent	about	noise	impacts	on	people.	In	the	last	nine	years	reviewing	
dozens	of	applications,	I'm	not	sure	I've	seen	a	single	wind	turbine	application	assess	for	
noise	impact	on	people.	During	application	hearings,	wind	turbine	sound	consultants	provide	
sound	level	predictions;	no	noise	impact	assessment.	Noise	impacts	on	people	are	handled	
by	paid	health	consultants	who	assert	universally	that	there	will	be	no	problems.	
	
9.7	Wind	industry	application	noise	sections	that	discuss	regulatory	noise	limits	only,	and	
appear	to	imply	that	meeting	a	regulatory	noise	limit	will	prevent	complaints	and	
annoyance,	mislead	regulators.		
	
9.8	Wind	turbine	testing	for	background	sound	levels	has	proved	problematic	where	
regulations	specify	a	maximum	increase	over	background.	Rather	than	design	with	sufficient	
distance	to	meet	regulatory	limits,	wind	sound	consultants	have	been	observed	obtaining	
sound	measurements	near	streams,	culverts,	directly	under	trees,	and	on	busy	roads-	
anything	to	drive	the	numbers	up.	Many	reports	have	listed	background	sound	levels	in	the	
40s	dBA.	Any	tests	done	for	background	must	be	carefully	scrutinized	understanding	that	the	
primary	task	of	the	wind	sound	consultant	is	to	obtain	the	highest	reading	possible	and	
minimize	apparent	changes	in	noise	level,	rather	than	comply	with	ANSI	standards	such	as	
S12.100.	

Ex K 1 - 35



Rand	Acoustics	re	Deuel	Harvest	Wind	Docket	EL	18-053	
April	1,	2019	
Page	36	of	37	
	

 

SUPPLEMENT	10:	NEUTRAL	ANALYSIS	
 
As	a	neutral	party,	my	background	is	in	power	generation	noise	control,	community	noise	
impact	assessment,	and	designing	to	meet	regulations	and	prevent	complaints.	I	worked	for	
Stone	&	Webster	for	ten	years	in	the	Noise	and	Vibration	Group	and	have	designed	or	
reviewed	noise	controls	for	most	utility-scale	power	technologies	and	a	number	of	
commercial	technologies.	If	someone	who	doesn't	know	me	and	what	I	do	levels	the	charge	
"anti-wind",	they	also	don't	know	that	by	the	same	logic	they'd	have	to	label	me	"anti-coal",	
"anti-oil",	"anti-nuclear",	"anti-transformer",	even	"anti-backup-generator".	
	
In	my	firm's	independent	professional	capacity,	there	is	no	particular	"bias"	or	interest	in	the	
brand	of	power	generation	being	investigated	or	designed.	My	firm's	professional	work	is	
consultation	for	the	best	possible	facility	design	ensuring	that	regulations	are	met,	public	
safety,	health	and	welfare	are	protected	and	complaints	are	prevented.	These	are	
professional	ethics	that	utility,	commercial	and	community	clients	have	contracted	for.	
	
The	recommendations	and	professional	cautions	my	firm	issues	are	carefully	developed	
from	years	of	power	generation	experience	and	professional	investigations.	My	firm's	
services	and	opinions	are	useful	for	utilities,	regulators	and	communities	alike.		
	
I	approve	the	use	of	quiet	technology	and	proper	siting.	With	respect	to	wind	turbines,	due	
to	materials	and	design	limitations	(distance	the	only	reliable	noise	control	option),	noise	
levels	suitable	from	rural	to	urban	areas	are	constrained	by	turbine	size	and	output.		
	
My	experience	of	power	utility	commitment	to	noise	pollution	controls:	Power	utility	clients	
over	the	years	have	demonstrated	their	commitment	to	their	shareholders	and	their	
operations	by	investing	in	noise	controls	to	prevent	complaints	and	legal	action.	The	shift	to	
"turnkey"	systems	since	the	mid	1990s	has	placed	greater	burden	on	proper	specifications.	
	
Emotionally	charged,	unprofessional	labels	could	have	undesired	effects	of	cooling	customer	
interest	in	professional	services.	Deliberate	slander	or	libel	could	destroy	future	income.	I	am	
aware	of	work	lost	due	to	libel.	I	consider	this	a	serious	matter	and	expect	it	to	be	so	for	the	
Boards	and	customers	who	work	cooperatively	with	noise	impact	assessment	experts	to	
determine	the	best	actions	that	observe	zoning	objectives,	assure	compliance	with	
regulatory	limits,	and	most	of	all,	protect	the	safety,	health	and	welfare	of	the	public.		
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SUPPLEMENT	11:	QUALIFICATIONS	
	
Mr.	Rand	is	an	independent	acoustic	investigator	and	a	Member	of	the	Institute	of	Noise	
Control	Engineers	(INCE)	since	1993	and	a	Member	of	the	Acoustical	Society	of	America	
(ASA)	with	over	thirty-eight	years	of	experience	providing	environmental	and	technical	
consulting	services	to	power	generation,	commerce,	industry,	and	communities.		
Mr.	Rand's	breadth	of	experience	in	general	acoustics	includes	industrial	noise	control,	
environmental	impact	assessment,	interior	acoustics,	and	electro-acoustics,	with	ten	years	in	
the	Noise	Control	Group	at	Stone	&	Webster	Engineering	Corporation.	He	has	conducted	
environmental	acoustic	analyses;	project	engineering	and	cost	analyses,	permitting	reviews,	
acoustic	testing,	noise	control	design	and	costing,	and	operations	monitoring	activities	for	
power	generation	and	commercial	projects.	He	has	provided	a	professional	acoustic	
consultancy	to	industry,	commercial,	regulatory	and	community	clients	since	1996.		
	
Mr.	Rand's	wind	turbine	experience	spans	the	last	ten	years	from	2009	to	present	day	with	
investigations	and	testing	of	sound	and	infrasound	pressure	pulsations	and	community	noise	
impact	assessment	for	industrial	wind	turbines	at	multiple	facilities.	Significant	testing	
reported	in	the	literature	includes	independent	peer-reviewed	investigations	in	Falmouth,	
Massachusetts	in	April	2011,	and	the	Cooperative	Measurement	Study	in	Shirley,	Wisconsin	
in	December	2012.		
	
Mr.	Rand	is	qualified	to	opine	on	the	relationship	of	wind	turbine	acoustical	emissions	to	
health	effects,	having	unexpectedly	experienced	adverse	health	effects	including	sleep	
disturbance	during	investigations	in	Falmouth,	Massachusetts	in	April	2011,	which	took	
some	time	for	recovery.	Unusual	acoustic	characteristics	identified	during	the	survey	
included	recurring	barometric	pressure	oscillations	occurring	at	the	blade	pass	frequency	of	
the	nearby	turbine,	which	were	larger	inside	the	home	under	investigation.	Impacts	were	
mitigated	with	distance.	The	barometric	oscillations	at	the	blade	pass	rate	were	found	at	
Shirley	as	well	in	2012.	Mr.	Rand	is	susceptible	to	motion	sickness	and	experienced	adverse	
health	impacts	during	investigations	at	three	other	industrial	wind	turbine	facilities:	
Hardscrabble	Wind	Facility,	New	York,	July	2012;	Vader	Piet	Wind	Facility,	Aruba,	October	
2012;	and	Shirley	Wind	Facility,	Shirley	Wisconsin,	December	2012.		
	
A	copy	of	his	biography,	work	history,	cases	where	he	has	been	accepted	as	an	expert	
witness	in	the	field	of	acoustics,	and	a	list	of	papers	published	is	available	separately.		
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