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August	1,	2025	
	
Dr.	Michael	Klemens.	Chair,	Planning	&	Zoning	Commission	
Town	of	Salisbury	
PO	Box	548	
27	Main	Street	
Salisbury,	CT	06068	
	
Project	Reference:	J2025-1540	–	Peer	review	of	Wake	Robin	Inn	Noise	Study	
	
Dear	Dr.	Klemens:	

This	letter	provides	the	findings	of	a	review	conducted	by	Cross-Spectrum	Acoustics	Inc.	(CSA)	of	
the	Sound	Analysis	(“Sound	Study”)	prepared	by	Cavanaugh	Tocci	(CTA)	for	a	proposed	expansion	
(“project”)	of	the	Wake	Robin	Inn	(“Inn”)	along	Sharon	Road	in	Salisbury,	Connecticut.1	The	
property	currently	consists	of	“38	guestrooms,	an	event	space	for	approximately	100	people,	
outdoor	event	spaces	for	tented	and	un-tented	events,	parking,	a	single-family	house	having	4	
bedrooms	and	3	bathrooms,	an	accessory	dwelling	unit,	and	multiple	storage	areas.”2	The	planned	
expansion	will	add	“71	guestrooms	(including	14	cottages),	a	200-person	event	facility,	various	
food	and	beverage	spaces,	a	newly	construction	spa,	and	a	new	in-ground	pool.”		

At	your	request,	CSA	has	reviewed	the	Sound	Study	and	related	documents.	This	letter	summarizes	
our	findings	and	includes	(1)	an	executive	summary	and	(2)	CSA’s	detailed	comments	on	the	Noise	
Assessment.	

The	technical	discussion	given	in	this	letter	will	make	use	of	standard	acoustical	terms.	A	
description	of	these	terms	is	given	in	Attachment	A	and	in	various	footnotes.	

Executive Summary 
	
The	Sound	Study	prepared	by	CTA	included	the	following	workscope1:	

• A	review	of	the	State	of	Connecticut	Title	22a-69	Noise	Control	regulation.	
• A	review	of	the	Zoning	Regulations	of	the	Town	of	Salisbury	as	they	relate	to	

Article	VIII	§803	Standards	for	Special	Permits	applicable	to	this	project	
• Sound	monitoring	to	evaluate	the	existing	ambient	sound	levels	at	Wake	Robin	

Inn	property	lines	nearest	surrounding	residences	and	to	set	a	baseline	for	
recommending	design	goals	for	music	sound	at	property	line	locations,	and	
reference	sound	measurements	conducted	to	characterize	car	door	slam,	start,	
and	horn	sound	levels,	and	waste	collection	sound	levels.	

	
1	“Wake	Robin	Inn,	Salisbury,	CT	Sound	Analysis,”	Letter	from	Gregory	C.	Tocci,	Cavanaugh	Tocci,	to	
Steven	Cohen	and	Jonathan	Marrale,	Aradev	LLC,	April	29,	2025	
2	“Application	Submission	for	Site	Plan	and	Special	Permit	Approval	–	Wake	Robin	Inn	Redevelopment	
Project”	Letter	from	Joshua	E.	Mackey,	Mackey	Butts	&	Whalen,	LLP	to	Town	of	Salisbury	Planning	and	
Zoning	Commission	Members,	April	25,	2025	
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• Estimates	of	future	Wake	Robin	Inn	sound	levels	at	representative	property	line	
locations	closest	to	nearby	residences	for	all	sound	sources	

	
The	Sound	Study	provides	the	following	conclusions1:		

Accordingly,	we	conclude	that	sound	produced	by	activities	and	equipment	of	the	
redeveloped	Wake	Robin	Inn	will	comply	with	the	State	of	Connecticut	Noise	Control	
Regulation.	Moreover,	Wake	Robin	Inn	activities	and	equipment	sound	will	“…not	
create	a	nuisance	to	neighboring	properties…”	as	prohibited	by	the	Salisbury	Planning	
and	Zoning	Commission	Special	Permit	Use	Section	803.2.	

	
Based	on	our	review,	the	Sound	Study	has	been	prepared	in	a	professional	and	unbiased	manner	
following	appropriate	and	generally	accepted	practices.	CSA	agrees	with	the	conclusion	that	the	
project	will	generally	comply	with	the	State	of	Connecticut	Noise	Control	Regulation.	However	we	
disagree	that	the	study	supports	the	conclusion	that	the	project	will	not	create	a	nuisance.	The	
nuisance	analysis	is	predicated	on	a	comparison	of	future	project	noise	levels	with	current	
equivalent	hourly	noise	levels3	(Leq).	A	comparison	of	future	noise	levels	with	the	current	
background/residual	sound	level,	typically	characterized	by	the	90th	Percentile	sound	level4	(L90)	is	
required	to	support	the	nuisance	conclusion.	Furthermore,	a	construction	noise	assessment	should	
be	conducted	if	the	project	will	require	blasting	or	hammering	of	hard	rock.	
	
Detailed Comments on the Sound Study 
 
Based	on	our	review	of	the	Sound	Study,	CSA	offers	these	comments:	

Professionalism	and	standard	of	work:	The	Sound	Study	appears	to	have	been	prepared	in	a	
professional	and	unbiased	manner	following	appropriate	and	generally	accepted	practices.	The	
study	adequately	addresses	most	of	the	comments	brought	up	by	the	interveners’	noise	expert.	The	
only	exception	is	that	the	Sound	Study	does	not	address	construction	noise.	

Ambient	sound	level	measurements:	As	described	in	the	Sound	Study,	CTA	conducted	long-term	
ambient	sound	measurements	at	eight	locations	around	the	Wake	Robin	Inn	adjacent	to	the	
community	for	a	seven-day	period.	These	measurements	incorporated	daytime	and	night-time	
periods,	as	well	as	weekday	and	weekend	periods.	The	measurements	were	conducted	in	late	
February	to	early	March	2025,	a	period	when	noise	from	bird	and	insect	sources	are	non-existent,	
so	ambient	noise	levels	were	likely	to	be	conservatively	low.	Based	on	my	daytime	site	visit	to	the	
Inn	on	July	29,	2025,	the	area	appears	to	be	quiet	except	for	relatively	low	volumes	of	traffic	
(approximately	500	vehicles	per	hour	on	Sharon	Road/Route	41	during	the	mid-day,	and	
significantly	less	traffic	along	Wells	Hill	Road)	and	the	occasional	aircraft	overflight.	The	ambient	
sound	environment	was	dominated	by	landscaping	activity	at	abutting	properties,	bird/insect	
sounds,	and	roadwork.	These	sources	would	have	resulted	in	elevated	ambient	noise	levels	
compared	to	the	February/March	levels	had	the	measurements	been	conducted	in	warmer	seasons.	

	
3	Leq	is	the	level	of	steady	sound	that	has	the	same	energy	as	a	fluctuating	sound	measured	over	the	same	
time	period.	Leq	is	indicative	of	the	average	sound	level	during	the	measurement	period.	
4	L90	is	the	sound	level	that	is	exceeded	90%	of	the	time	during	the	measurement	period.	L90	is	the	metric	
commonly	associated	with	the	background	noise	and	is	used	by	Connecticut	DEEP	to	determine	background	
noise	levels.	
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Modeling	methodology:	CTA	utilizes	a	commonly	accepted	international	standard	for	outdoor	sound	
propagation	(ISO	9613-25),	as	implemented	in	the	commercially	available	Cadna/A	software	
package,	to	predict	sound	levels	from	Inn	activities	at	the	closest	residential	abutting	property	lines.	
ISO	9613-2	“takes	into	account	moderate	nighttime	inversions	or	moderate	downwind	conditions”	
and	therefore	provides	a	somewhat	conservative	estimate	of	sound	levels	at	remote	locations.	We	
concur	with	the	general	methodology	as	well	as	the	use	of	the	ISO	9613-2	standard	with	use	of	the	
Cadna/A	software	package.	

The	CTA	report	models	exterior	noise	levels	using	a	combination	of	indoor	noise	sources	and	the	
reduction	provided	by	the	exterior	wall	assemblies	and	windows.	The	sound	level	reduction	
provided	by	the	wall	assembly	is	calculated	using	the	commercially	available	INSUL	sound	
insulation	modeling	software	package.	The	sound	level	reduction	provided	by	windows	is	
determined	using	manufacturer	laboratory	measurements.	This	methodology	is	reasonable	and	
follows	common	practice.		

Reference	sound	levels:	The	CTA	report	indicates	that	reference	noise	levels	for	a	variety	of	sources	
of	concern	including	automobile	sources	and	garbage	pickup	were	measured	at	the	Inn	and	used	for	
the	future	noise	level	predictions.	Reference	levels	from	mechanical	sources	are	based	on	
manufacturer	data.	We	find	these	assumptions	to	be	reasonable.		The	Sound	Study	utilizes	a	
spectrum	used	to	characterize	music	transmitted	through	the	window	glazing,	based	on	
information	from	CTA	internal	files.	We	would	prefer	to	have	more	detail	about	the	source,	
specifically	the	assumed	genre	of	the	music	spectrum.	That	said,	the	CTA	music	spectrum,	when	
adjusted	to	account	for	the	glazing	reduction,	is	similar	in	shape	to	the	reference	“Rock/Pop”	music	
spectrum	in	German	Standard	VDI	3770,6	so	we	find	this	reference	spectrum	to	be	acceptable.	

Applicability	of	criteria:	As	stated	in	the	Sound	Study,	the	Town	of	Salisbury	does	not	have	a	
quantitative	community	noise	standard.	For	this	project,	CTA	applied	the	State	of	Connecticut	Noise	
Control	Regulation	and	the	Town	of	Salisbury	nuisance	regulation.		The	State	of	Connecticut	
Department	of	Energy	and	Environmental	Protection	(DEEP)	provides	noise	limits	based	on	the	
uses	of	the	emitting	zone	and	the	receiving	zone.	For	a	residential	emitting	zone	(Class	A)	and	a	
residential	receiving	zone	(Class	A),	the	applicable	standards	are	55	dBA	during	the	day	and	45	dBA	
at	night	for	continuous	noise	sources.	A	limit	of	80	dBA	applies	for	impulsive	sources,	where	
impulse	noise	is	defined	as	“noise	of	short	duration”	by	the	State.		The	State	limits	do	not	apply	to	
“sound	created	by	any	mobile	source	of	noise,”	including,	but	not	limited	to	“such	sources	as	
aircraft,	automobiles,	trucks,	and	boats.”7		The	State	regulation	also	includes	adjustments	for	
emitter	sound	characteristics,	including	a	-5	dB	adjustment	to	the	limits	for	tonal	sounds.	To	be	
conservative,	CTA	has	elected	to	apply	a	nighttime	“Design	Goal”	of	32	dBA	for	music,	while	using	
State	limits	for	all	other	sources.	This	limit	is	based	on	the	lowest	hourly	Leq	of	37	dBA	collected	
during	the	existing	noise	measurements	discussed	above,	along	with	a	5	dB	reduction	for	tonal	
sounds.	The	use	of	the	State	residential	limits,	and	the	more	stringent	design	goal	for	music	
represents	a	reasonable	approach	with	respect	to	the	State	criteria.	

Although	not	explicitly	stated,	CTA	has	apparently	used	the	State	nighttime	standard	and	the	32	
dBA	Design	Goal	for	music	as	a	proxy	for	nuisance	criteria.	It	is	common	for	acoustical	consultants	
to	provide	quantitative	interpretations	of	qualitative	noise	requirements	for	community	noise	

	
5 ISO	Standard	9613-2,	Acoustics	of	sound	during	propagation	outdoors	–	Part	2:		General	method	of	
calculation.   
6	Verein	Deutscher	Ingenieure,	Characteristic	noise	emission	values	of	sound	sources	-Facilities	for	sporting	and	
recreational	activities,	VDI	3770,	September	2012	
7	Connecticut	Code	of	Regulations,	Subtitle	22a-69-3.5,	“Noise	Zone	Standards”	and	Section	22a-69-1.7	
“Exclusions.”	
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assessments.	However,	because	nuisance	implies	a	level	of	annoyance	based	on	audibility	of	
interfering	noise	levels	in	the	context	of	existing	background	noise,	we	believe	that	a	criterion	
based	on	the	90th	percentile	level	would	be	more	appropriate.	There	is	additional	discission	about	
the	nuisance	criteria	below.	

Sound	study	assessment:	The	Sound	Study	predicts	noise	levels	at	abutter	property	lines	closet	to	
relevant	project	sources.	This	is	a	conservative	approach,	especially	since	at	some	properties,	the	
actual	residential	structures	are	setback	well	away	from	the	property	line.	Noise	from	music	events	
is	based	on	an	interior	noise	level	of	95	dBA,	which	is	a	reasonable	assumption.	

The	Sound	Study	provides	the	following	table	that	lists	predicted	project	levels	at	various	abutting	
properties:	

	
	
The	table	provides	only	the	noise	level	from	a	particular	source	at	a	specific	receiver;	the	table	does	
not	provide	results	for	a	combination	of	sources	at	specific	abutters.	Except	for	car	horns,	any	
combination	of	two	sources	will	likely	not	result	in	an	exceedance	of	Connecticut	limits.	Most	
sources	are	predicted	to	meet	the	State	limits	and	the	predicted	levels	from	interior	space	music	is	
far	below	the	project	Design	Goal	of	32	dBA.	Our	back-of-the-envelope	calculations	using	CTA	
reference	data	(but	not	accounting	for	shielding	by	the	terrain	or	structures)	result	in	predicted	
values	that	are	higher	than	shown	in	the	table,	but	generally	lower	than	State	limits	and	(in	the	case	
of	interior	event	music)	the	Design	Goal.	We	find	the	predicted	future	levels	to	be	reasonable.		

The	results	table	characterizes	car	horns	as	an	“impulse”	source	type,	with	a	corresponding	limit	of	
75	dBA	(Connecticut	limit	of	80	dBA	with	a	-5	dB	adjustment	for	tonality).	A	car	horn	“blast”	
sounded	for	one	second	or	less	could	be	considered	to	be	an	impulsive	sound.	On	the	other	hand,	a	
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the 95 dBA used in our modeling, thus leading to an overestimate in Table 2 of music sound levels at 
receptor locations.   

The event space walls are a wood frame and gypsum wall assembly clad on the outside with a 2” thick 
brick finish.  Appendix B Figure B-1a contains a wall section and sound transmission loss estimate 
determined using INSUL, a computer program used to estimate the sound transmission loss of building 
assemblies.  As noted in Figure B-1a, the estimated sound transmission class (STC) rating is 57.   
The event space has an extension to have glazed roof and walls using Secco Sistemi S.p.A.OS2 double 
glazed windows comprised of the following: 

x 5 mm glass 

x 16 mm Argon filled space 

x 8.5 mm laminated glass (4 mm glass bonded to 0.5 mm PVB interlayer bonded to 4 mm glass) 

Appendix B Figure B-1b includes a window section sketch and Istituto Giordano test report 
No. 258778/4480/CPD dated 11/08/2009 result indicating an Rw of 42 dB as per ISO 140-3:2006 and 
ISO 717-1:2007.  Rw rating is similar to the sound transmission class (STC) rating more commonly used in 
the United States. 

Source 
Sound 
Source 
Type 

R1 R2 R3 R4 R5 R6 R7 R8 R9 
State of 
CT Limit 

(dBA) 

Design 
Goal 
(dBA) 

Car Ignition Continuous 42 29 20 16 0 12 15 22 26 45 

Same 
as 

CT DEP 
Limit 

Car Door Impulse 45 32 24 21 12 18 20 28 31 80* 
Car Horn Impulse 74 60 52 48 30 44 47 54 58 75** 
Dumpster Impulse 11 16 2 18 11 29 29 22 24 80* 

Pool Continuous 19 15 10 13 3 6 11 20 24 55 
HVAC Equipment Continuous 37 35 35 39 43 40 39 45 43 45 

Emergency Generator Continuous 25 29 16 21 26 37 29 42 38 55****  
Event Space Music Tonal (Music) 1 4 11 20 24 14 14 13 6 40** 32*** 

*Impulse noise─Noise of short duration (generally one second or less) with abrupt onset and rapid decay (CT DEP 
Sec. 22a-69-1.2(k)). 
**Tonal noise─Noise with one or more discrete tones shall be considered excessive when a level of 5 dBA below the 
levels specified in CT DEP Sec. 22a-69-3.3 is exceeded. 
***A 5 dBA reduction has been applied to the baseline defined as the lowest hourly energy average sound level of 
37 dBA measured at SM3 leading to a Wake Robin Inn music sound goal of 32 dBA.   
****Maintenance-operated for 1 hour once a week during weekdays 9:00 AM to 4:00 PM 

Table 2.  Estimated sound levels at study locations R1-R9 
Wake Robin Inn, Salisbury, CT 

263 of 644
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car	horn	sounded	for	a	few	seconds	at	a	time	and/or	sounded	would	probably	not	meet	the	State	
definition	of	an	impulse	noise.	A	more	conservative	approach	would	be	to	compare	car	horns	to	the	
continuous	limit.	The	results	would	show	that	car	horns	substantially	exceed	the	state	limit.	
However,	we	would	expect	car	horn	blasts	to	be	intermittent	since,	in	our	experience,	horn	use	is	
not	common	in	venue	parking	lots.	

The	Sound	Study	uses	compliance	with	the	State	limits	and	the	project	Design	Goal	as	evidence	that	
the	project	will	not	create	a	nuisance	condition	at	abutting	homes.	In	our	professional	opinion,	this	
analysis	is	not	sufficient	to	make	that	determination.	Nuisance	is	a	subjective	expression	of	
annoyance	that,	in	terms	of	noise,	encompasses	audibility	and	sound	level	increases	over	existing	
conditions	at	a	minimum.	The	32	dBA	design	goal,	while	conservative	with	respond	to	the	State	
limit,	may	not	reflect	annoyance	of	new	sounds	that	substantially	exceed	the	background	(L90)	
sound	level.	This	is	important	in	the	context	that	the	Inn	is	requesting	to	hold	events	as	late	at	
10:00pm	on	Monday	through	Thursday,	and	as	late	as	midnight	on	Friday	through	Sunday	or	
holidays.	We	understand	it	is	not	likely	the	venue	will	be	fully	booked	for	all	nights,	but	there	is	the	
possibility	for	regular	events	to	be	held	at	the	facility	and	nuisance	should	be	considered	in	this	
context.	Finally,	even	if	sound	levels	from	music	events	are	low,	low	frequency	sounds	from	drums	
and	bass	guitar	may	be	detectable	by	abutters,	especially	at	night	when	background	levels	are	
lowest.	While	the	CTA	32	dBA	threshold	does	account	for	the	tonal	aspect	of	music,	the	comparison	
of	event	sound	levels	to	background	L90	levels	rather	than	the	ambient	Leq	will	better	predict	
annoyance	from	these	repetitive	sounds.	

CTA,	as	well	as	other	consultants	(including	CSA)	have	utilized	thresholds	of	5	to	15	dB	increases	
above	background	levels	to	assess	annoyance	from	music	events.8		We	recommend	that	such	an	
analysis	should	be	conducted	for	the	project	to	determine	compliance	with	the	Town	nuisance	
condition	regulation.	We	believe	that	an	increase	of	less	than	5	dB	over	the	ambient	L90will	be	
sufficient	to	demonstrate	compliance	with	the	nuisance	condition.	An	increase	of	5	to	10	dB	over	
the	ambient	might	suffice	for	infrequent	events,	depending	on	music	genre	and	number	of	event	
attendees.	

The	study	does	not	address	construction	noise.	Based	on	a	site	visit	on	July	29,	2025,	there	are	rock	
outcrops	and	hardpacked	soil	around	the	current	Inn	location.	If	construction	activities	such	as	
blasting	or	hammering	will	be	required,	a	construction	noise	and	vibration	control	plan	should	be	
developed	and	implemented.	

Conclusion 

In	conclusion,	we	find	that	the	Sound	Study	provides	evidence	that	most	activities	at	the	Inn	will	
meet	Connecticut	noise	regulations.	The	only	exception	will	be	car	horns	sounded	excessively,	but	
we	believe	this	is	unlikely	to	be	a	major	source	of	concern	in	practice.	In	our	opinion	the	Sound	
Study	does	not	adequately	address	nuisance.	An	assessment	that	compares	project	sound	to	the	
background	L90	sound	level	would	be	more	appropriate	to	address	nuisance	concerns.	Finally,	
construction	noise	should	be	addressed	if	blasting	or	hammering	will	be	required.		

The	Sound	Study	does	not	discuss	noise	mitigation,	but	there	are	steps	the	Inn	can	take	to	reduce	
the	impact	of	event	noise	on	nearby	homes:		

	
8	Cavanaugh,	W.J.	and	Tocci,	G.	C.,	“Criteria	for	community	acceptance	of	outdoor	concert	
sound...a	progress	report	on	continuing	research,”	Proceedings	on	Inter-Noise	2002,	Dearborn,	MI,	August	
2002	
	



	

	
6	 www.csacoustics.com | (413) 315-5770 

	
	

• A	demonstration,	utilizing	loudspeakers	at	simulated	levels	prior	to	construction,	or	a	live	
demonstration	prior	to	issuance	of	occupancy	permit,	can	be	conducted	at	the	inn	so	
neighbors	can	directly	experience	the	future	condition.	

• Signs	should	be	posted	around	the	property	to	encourage	guests	to	respect	noise	limits.	The	
figure	below	shows	examples	of	two	signs	available	at	retailers:	

	

	
	

(a)9	 (b)10	

Figure	1:	Example	signage	than	can	be	posted	to	encourage	Inn	patrons	to	respect	noise	limits	

• Event	contracts	can	include	requirements	that	events	comply	with	sound	limits,	with	
penalty	clauses	(such	as	surrender	of	security	deposits)	for	sustained	noise	complaints.	

• Neighbors	can	be	notified	at	least	two	weeks	in	advance	of	events.	

• Interior	sound	level	monitoring	can	be	used	to	limit	sound	levels	to	95	dBA	or	lower.	

• The	Town	can	review	the	Wake	Robin	Inn	special	permit	annually	to	determine	compliance	
with	noise	requirements	and	renew	or	suspend	the	permit	as	required.	

If	you	have	any	questions	or	comments,	please	feel	free	to	call	me	at	(413)	315-5770	ext.	701,	or	
email	hsingleton@csacoustics.com.	
	
Sincerely,	

	

	

Herbert	Singleton	Jr,	PE	(Massachusetts),	INCE	Bd.	Cert.	
President	
Cross-Spectrum	Acoustics,	Inc.	
	
Encl:		 Attachment	A	–	Acoustical	Terms	
	 Herbert	Singleton	Jr	Resume	

	
9	https://www.amazon.com/Considerate-Residents-Engineer-Reflective-Aluminum/dp/B00D1G8FM0	
10	https://www.amazon.com/SmartSign-Residential-Quiet-Zone-Please-Respectful/dp/B0089OVFJE	



	
 

Cross-Spectrum Acoustics Inc. 

Massachusetts 
Utah 
California 

	

cx	
	

wwww.csacoustics.com | (413) 315-5770 

w
w
w

	

	

Sound	is	a	vibrational	disturbance	that	propagates	through	the	air	in	a	predictable	manner	and	can	
be	detected	by	human	hearing	organs.	Sound	can	be	mathematically	expressed	as	rapid	
changes	in	air	pressure	that	travel	from	a	vibrating	source	(speaker	diaphragm,	mouth,	etc)	to	
a	receiver.	

Vibration	is	the	mechanical	oscillation	of	a	solid	or	fluid	object	about	an	equilibrium	or	rest	
position.	Vibration	is	typically	described	in	terms	of	displacement	(inches	or	meters),	velocity	
(inches	per	second	or	meters	per	second)	or	acceleration	(inches	per	second	squared	or	
meters	per	second	squared)	

Noise	is	unwanted	sound	that	may	interfere	with	communications	or	disturb	a	person.	There	is	no	
mathematical	or	scientific	distinction	between	noise	and	sound,	the	only	difference	is	how	they	
are	perceived	by	humans.	

Decibel	(abbreviation	“dB”)	is	a	mathematical	expression	used	for	expressing	the	magnitude	of	
sound	levels.	The	human	ear	is	capable	of	hearing	pressure	variations	from	0.00002	Pascals	to	
20	Pascals.	Decibels	are	used	to	compress	this	large	range	of	values	to	a	more	manageable	

range	that	varies	from	about	0	to	120.	A	decibel	is	defined	as	 	“p”	is	the	

sound	pressure	magnitude	generated	by	a	source,	and	“P2ref”	is	a	reference	pressure	of	20	
microPascals	(µPa).	Note	that	decibels	are	logarithmic	quantities.	Therefore,	60	dB	+	60	dB	=	
63	dB,	not	120	dB	

Frequency	is	the	number	of	cyclical	variations	in	sound	pressure	that	occur	over	one	second.	
Humans	perceive	a	change	in	frequency	as	a	change	in	pitch.	For	example,	a	low	frequency	
sound	(“bass”)	will	be	perceived	has	having	a	low	pitch,	and	a	high	frequency	sound	(“treble”)	
will	be	perceived	as	having	a	high	pitch.	Frequency	is	expressed	in	units	of	Hertz,	abbreviated	
as	Hz.	 

Octave	(or	octave	band)	is	a	range	of	frequencies	where	the	upper	frequency	limit	is	twice	the	
lower	frequency	limit.	For	example,	the	frequency	range	of	25	Hz	to	50	Hz	is	one	octave.	
Octave	bands	are	identified	by	their	“center”	frequencies.	
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A-Weighting	simulates	the	response	of	the	human	ear	to	sound	by	attenuating	low	and	high	
frequencies,	and	amplifying	the	midrange	frequencies.	A-weighted	sound	levels	are	
abbreviated	as	“dBA.”		The	following	gives	an	indication	of	how	A-weighted	sound	levels	are	
perceived	by	humans	under	normal	conditions:	

• A	1	decibel	difference	in	sound	level	can	only	be	detected	in	carefully	controlled	
laboratory	experiments.	

• A	3	decibel	change	is	the	minimum	difference	in	noise	level	that	is	perceptible	to	humans	
outside	of	controlled	testing	environments	

• A	change	of	at	least	5	decibels	is	required	before	a	community	would	perceive	a	
significant	change	in	the	noise	environment.	

• A	10	decibel	change	in	sound	level	is	usually	perceived	as	a	doubling	in	the	loudness	of	
sound.	

						The	following	table	gives	common	A-weighted	sound	levels:	

	

Typical	Noise	Source	dBA	Levels	
Noise	from	rustling	leaves	 20	dBA	
Room	in	a	quiet	dwelling	at	night	 32	dBA	
Soft	Whisper	at	five	feet	 34	dBA	
Room	with	window	air	conditioner	 55	dBA	
Passenger	car	at	50	ft	 69	dBA	
Television	at	full	volume	at	5	ft	 70	dBA	
Bulldozer	at	50	ft	 87	dBA	
Jackhammer	at	50	ft	 88	dBA	
Heavy	diesel	propelled	vehicle	at	25	ft	 92	dBA	
Home	lawn	mower	 98	dBA	
Jet	aircraft	at	500	ft	overhead	 115	dBA	
Human	pain	threshold	 120	dBA	

	

L90	is	the	sound	level	that	is	exceeded	90%	of	the	time	during	the	measurement	period.	L90	is	the	
metric	commonly	associated	with	the	background	noise,	and	is	used	by	several	agencies	and	
municipalities	to	assess	background	noise.	

Leq	is	the	level	of	steady	sound	that	has	the	same	energy	as	a	fluctuating	sound	measured	over	the	
same	time	period.	Leq	is	indicative	of	the	average	sound	level	during	the	measurement	period.	

Lmax	is	the	maximum	sound	pressure	level	of	an	event.	Lmax	is	often	used	to	characterize	the	
loudness	of	a	single	event	

								Reference:	Martin	Hirschorn,	Noise	Control	Reference	Handbook,	Industrial	Acoustics	Company,	New	
York,	NY,	1989.	
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Herbert L. Singleton Jr, P.E., INCE Bd. Cert – President

Employment History 
Cross-Spectrum Acoustics Inc. 
2011 to Present 

Cross- Spectrum Labs 
2003 – 2011 

Harris Miller Miller & Hanson Inc. 
1995 – 2003 Consultant 

Education 
B.S. Mechanical Engineering, 
Massachusetts Institute of Technology, 
Cambridge, MA – 1995 

MSc coursework, Audio Acoustics, 
University of Salford, Salford, U.K. – 
2001-2004 

Registrations and Affiliations 
Professional Engineer, MA #46867; 
CO #PE.0056123; GA #PE037731; 
MN #56348 

Board Certified Member, Institute of 
Noise Control Engineering 

Member, National Council of 
Acoustical Consultants 

Member, Acoustical Society of 
America 

 As co-founder of Cross-Spectrum Acoustics Inc., Mr. Singleton has 
30 years of acoustical engineering experience. His specialties include 
acoustical measurements and modeling.  He has applied these skills 
to sound and vibration analyses for transportation, construction, and 
architectural projects. Mr. Singleton conducts field survey 
measurements and environmental assessments for private firms and 
public agencies across the United States.  

Mr. Singleton is familiar with a broad range of sound and vibration 
measurement tools as well as noise modeling software and 
algorithms. He has a wealth of experience with a broad range of 
sound and vibration measurement tools including sound level meters, 
unattended monitoring hardware and digital acquisition systems. His 
expertise lies in the measurement of acoustical conditions and the 
prediction of future sound and vibration levels in outdoor and indoor 
environments. He applies his knowledge of signal processing tools 
and data analysis techniques to solve problems at minimal cost.  

Mr. Singleton has instructed clients from public and private firms in 
the use of sound and vibration measurement tools for environmental 
assessments. Furthermore, he has presented project results to the lay 
public via public meetings and workshops. Mr. Singleton has also 
testified as an expert in civil and criminal proceedings in six states. 

Mr. Singleton actively participates in professional organizations. He 
is currently the Institute of Noise Control Engineering Vice President 
for Board Certification. He contributes to working groups in the 
development of acoustical standards and guidelines and has held 
organizational roles in acoustical associations and conferences.  

Featured Projects 
High-Voltage Direct Current Converter Station Noise Assessment, New Haven VT 

CSA was retained by the town of New Haven, Vermont to analyze the potential for noise impact from a proposed 
high-voltage direct current (HVDC) converter station located in a rural environment. Mr. Singleton and CSA staff 
conducted long-term ambient noise measurements at five locations over a two-week period to thoroughly 
document existing noise conditions. CSA also modeled future noise levels from the HVDC station using data 
obtained at similar facilities. Mr. Singleton presented the results and audio demonstrations of future noise at 
public hearings to allow town residents to make an informed decision about the project. 

Camp Walt Whitman Community Noise Assessment and Litigation Support, Piermont NH 

Mr. Singleton worked with a group of citizens and environmental experts to quantify the effects of noise 
generated from a seasonal campground on an exceptionally quiet rural environment. Mr. Singleton performed 
numerous measurements to documents the increase of noise over low background levels in the vicinity of Lake 
Armington in the White Mountains of New Hampshire. Mr. Singleton also performed audibility and detectability 
analyses that al- lowed for the comparison of time periods when campground noise was dominated compared 
periods when the community could experience natural quiet. Finally, Mr. Singleton provided litigation support for 
the legal team assisting the community in public hearings and court proceedings.  
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Representative Projects 
§ Restaurant/Bar Music Noise Monitoring, Dune Fairfield Beach Hotel, Fairfield, CT (2024)  
§ Town Representative for Live Music Venue Noise Reduction and Noise Ordinance Development, Town 

of Greenwich RI (2021-2023) 
§ Race Track Noise Compliance Measurements and Expert Witness Testimony, Palmer Motorsports Park, 

Palmer MA (2020-2021) 
§ Dog Kennel Noise Review and Public Meeting Testimony, Milestone Estates Condominium Association, 

Chelmsford, MA (2021) 
§ Deerfield Wind Farm Noise Compliance Measurements, Vermont Department of Public Safety, Deerfield 

VT (2018-2021) 
§ Gravel Pit Noise Assessment and Expert Witness Testimony, RB Enterprises, Palmer, MA (2017-2019) 
§ Ski Resort Snowmaking Noise Modeling, Gorgoza Park, Salt Lake City, UT (2017-2018) 
§ Cyclone Dust Collector Noise Assessment, Attorney Greil Roberts, Newington CT (2016-2017) 
§ Outdoor Shooting Range Noise Assessment and Expert Witness Testimony, Norfolk MA, (2015-2016) 
§ Biomass Energy Facility Noise Assessment, Roberts Lumber, Ashfield MA (2015) 
§ Gravel Pit Noise Review and Litigation Support, Simonda, Winslow, Willis & Abbott P.A., Plymouth 

MA (2014) 
§ Gravel Pit Noise Assessment and Expert Witness Testimony, No Asphalt Defense Fund, Sheffield, CT 

(2011-2012) 
§ Wind Turbine Reference Noise Measurements, Town of Falmouth, MA (2010) 
§ Outdoor Shooting Range Noise Measurements and Expert Witness Testimony, Whispering Pines 

Campground, Newton NH (2007– 2008) 
§ Noise Measurements and Analyses for Proposed Car Washes, F.L. Roberts Inc., Springfield, MA (2004-

2007) 
§ Public Housing Chiller Noise Analysis and Mitigation Design, Chelmsford Housing Authority, 

Chelmsford, MA (2006 – 2007) 
 

Representative Publications and Presentations 
§ Herbert Singleton Jr, “Evaluation and mitigation of outdoor live music,” Presented at Noise-Con 2023, 

May 2023 
§ Judith Rochat PhD, Keith Yoerg and Herbert Singleton Jr. “Examination of spectral content, peak 

frequency relationships, and annoyance for unmanned aerial vehicle operations,” Presented at Inter-Noise 
2021, August 201 

§ Herbert Singleton Jr. and Scott Edwards, “Modeling the effects of structure mass in reducing ground-
borne vibration and ground-borne noise in rail transit systems,” Presented at Inter-Noise 2015, August 
2015 

§ Herbert Singleton Jr., “Community Perceptions and their Role in Noise Control: A Tale of One City,” 
Proceedings of the 35th Inter-Noise, December 2006 

Media Appearances 
§ Cindy Atoji Keene, “Acoustical engineer sounds off about noise,” Boston Globe, March 24, 2013 
§ Lisa Iannucci, “Soundproofing Solutions,”Multi-Housing News, June 1, 2010 
§ Garret Keizer, The Unwanted Sound of Everything We Want: A Book About Noise. New York, NY: 

PublicAffairs,  2010. 204-209, 234, 236 
§ WBZ-TZ News, “Are Your Child's Loud Toys Damaging To The Ears?,” April 12, 2007 
§ Mac Daniel, “MBTA readies a garble-free pa system,” Boston Globe, May 9, 2006 
§ Matt McDonald, “Sudbury neighbors squawk about chickens,” Boston Globe, December 19, 2004 


