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Thereare ancient referencesto noise being a problemin cities. In thiscentury, noise was recognized
as a problem in cities in the 1920's. The sources were new modes of transportation, ventilation
systems, industrial plants, and loudspeakers. The coming of jet aircraft renewed interest in
environmental noise. With increasing population density, communities become noisier.

There has been much research on problems related to noise in the community. Most of this has
concentrated on sources related to transportation, military systems, and ventilation systems. That is
because these sources are widespread, and there are readily available mechanisms to fund the
research. Most of thisresearch has concentrated on establishing acceptable quantities of sound and
reducing sound to those levels for these common sources. However, most of the research has
concentrated on densely populated areas where more noise is expected. Many of the criteria
developed areaimed primarily at evaluating whether certain land uses such asresidential can be made
compatible with agiven level of noise. Thisisadifferent matter than evaluating whether new noise
is compatible with existing development. Some criteria based on long-term averages also fail to
recognize problems due to recurring loud events that may only occur once a week.

Problems due to the amount of sound from a fixed source are usually solvable with enough money.
The producer of the sound usualy does not need or want the sound any more than neighbors who
might be complaining. Primary exceptions where it is most difficult are sources involving outdoor
entertainment or recreation.

More recently, manufacturers of many products such as automobiles, appliances, and ventilation
systems have been paying more attention to "Sound Quality." They have realized that once the
guantity of sound is reduced, the quality becomes important. People have an expectation for way
sources should sound. In quieter communities, this expected sound quality aso becomesimportant.
People expect to hear a blend of sounds that become unnoticeable. Sounds that stand out and
typicaly demand attention cause problems if they are heard clearly regardless of the level of sound.
It is important to consider both the amount of sound and the way it sounds. Problems due to the
nature of a sound are sometimes related to industrial machinery that might have an impulsive
character or sound like asiren. The more difficult problemsto resolve are those related to speech,
music, or other recreational activitieswherethe sound isdesired by the producersor their customers.

This document has evolved from work on several projects. Portions of this material have been and
often are incorporated into reports on maor projects. It isintended to provide a basic primer on
noise in the community.
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Environmental Sound and its M easur ement

Sound
The human ear isaremarkable mechanism. It can sense and give meaning to awide range of sounds
varying in loudness and pitch. Perception is not directly related to the physics of sound.

The effect perceived by the ear as sound is a very small and rapid change in air pressure. The
variations are very dightly above and below the barometric pressure. The perceived loudness of a
sound corresponds primarily to the size of thisvariationin pressure. Theear isvery sensitiveand can
detect, at some frequencies, variations less than 3 hillionths of a pound per square inch (psi).
Variationsgreater than 0.001-.01 psi can cause pain or discomfort. Noticethat the pressurevariation
of the loudest sounds we hear is about a milliontimesthat of the quietest sounds. The energy inthe
sound is actualy related to the square of the pressure. Thus, the energy in very loud sounds can be
amillion-million times that in a very faint sound.

For humans to hear the sound, these air pressure variations must be rapid. They must complete a
cycle at least 20 times per second and not more than 20,000 times per second. The repetition rate
of these cycles is called the frequency of the sound. It has units of Hertz (Hz) where one Hz
corresponds to one cycle per second. The bass sounds in music are low-frequency, and the treble
sounds are high-frequency.

Because of the wide range of sound pressures encountered, aspecial scale, the decibel scale, hasbeen
developed. The sound level increases by 3 dB (or decibels) when the actual sound energy present is
doubled. Conversely, half the sound energy must be eliminated to reduce the level 3 dB. A six
decibel change indicates four times as much sound, and a 10 decibel change 10 times the sound.
However, the ear does not perceive these changes to be so large. Most people find a 3 dB change
barely noticeable. A 6 dB changeisclearly noticeable, and a10 dB changeis perceived asadoubling
or halving of loudness. Thisisvery important. It means that 90% of a given sound energy must be
eliminated before most people will judge a sound half as loud.

People do not hear very low-frequency and high-frequency sounds aswell asthey hear soundsinthe
middle speech frequencies. A specia electronic filter is used in sound meters to simulate this
characteristic of theear. For many environmental soundsit givesasimple, single-number descriptive
level that correlates with the way people judge the loudness of the sound. Thismeasureiscalled the
A-weighted sound level. The units are usually written dBA or dB(A).
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Outdoor Sound Propagation

In the smplest idealized model, the sound level outdoors decreases 6 decibels for each doubling of
distance from the source. The farther one is from a sound source, the farther away one must go to
notice a significant decrease in sound level. 1nthe real world, the sound level often decreases more
rapidly with distance. Thisisdueto barriers blocking the line of sight, absorption by the air, winds,
and temperature variations in the aimosphere. The atmospheric effects become most important at
distancesbeyond about 1000 feet fromthe source. Dry air absorbs sound and reducesitslevel rapidly
over distance. Thenormally humid environment in the southeastern US allowssound totravel further
with less reduction in level. Downwind and under many night-time conditions (cooler air near the
surface), sound wavesthat start upward will bend downward. Thus, the noise reduction benefits of
barriers can be negated by these atmospheric effects. Levelswill be lower upwind and under most
daytime conditions. Sound waves curve upward in the face of awind or towards cooler ar higher
in the atmosphere. For the same sound output at the source, distant levels can be over 20 decibels
less than predicted by the distance effects alone.

Sound Measurement

The basic instrument for sound measurement is the sound level meter. This is a microphone
connected to a voltmeter with some additional features. The microphone produces an electrical
voltage signal proportional to the sound pressurevariation, and the voltmeter iscalibrated to read the
sound level indecibels. Most metershave"fast” and "dow" responses. These are effectively moving
averages of the sound level. The fast response corresponds more closely to the actual fluctuating
sound heard, with the needle sometimes moving very quickly or digital display changing rapidly.
However, the slow response provides asowly changing indicationthat iseasier to read. It averages
the sound over about asecond, and commonly used for environmental sound measurements. Thefast
and slow response both introduce some averaging into the measured result. Some meters have a
special "impulse” response that isused primarily in Europe. When a sound occursvery rapidly, such
asagunshot, it is sometimes desirable to measure the peak pressure without any averaging. Thisis
caled the"peak" levd. Itismuch higher than the maximum level that might be measured with either
the fast, dlow, or impulse response.

It is often useful to know the level of the sound at different frequencies over the audible range. An
octave-band analyzer is most commonly used for this. It divides the audible frequency range into
octave bands (similar to musical octaves) so sound energy in each band can be measured. These
bands are identified by the center frequency of each band. The center frequency doubles for each
higher frequency band. Octave-band measurements can be A-weighted for a better indication of the
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contribution of each octave to the A-weighted level. However, they are not normally A-weighted
if used for comparison with criteria based upon unweighted data. For diagnosing the source of
sound, afiner resolution of frequenciesisoften desired. Theoctavesare often brokeninto one-third-
octave bands. A finer resolution isprovided by aFast-Fourier-Transform analysis of thesound. This
can provide a resolution of one Hertz or less that can be related to a specific characteristic of a
source.

When measuring typical fluctuating environmental sounds over long periods, it is common to use
average and statistical measures. One cannot simply write down several measured sound levels and
arithmetically average the values. The energy average of 60 dB and 40 dB will be approximately 57
dB, half the higher 60 dB level. The energy equivalent average level over agiven timeis caled the
"time-average sound level." It is also often called the "equivalent level,” abbreviated LEQ. The
averaging of sound levels can be complicated unless one has a special instrument that does it
automatically. Averagelevelsover aperiod dueto individual events can be calculated by combining
the "sound exposure level" (SEL) of the events. The SEL is ameasure of the sound energy of the
event. Itisthelevd in decibels of a sound of the same energy lasting exactly one second.

The sound level during a given period also can be characterized by the level exceeded a given
percentage of the measurement period. For example, the level exceeded 90% of the timeis defined
asthe L90 value. Itisagood indicator of the background sound level. The L50 indicates the level
exceeded hdf thetime, usudly alittle lessthan the time-average sound level. Thehigher sound levels
are indicated by the levels exceeded a smdl percentage of the time. Many local noise ordinances
developed before the widespread availability of averaging meterswere based on the L10. The L10
is usualy afew decibels more than the time-average sound level for varying sounds. The L10 can
be lessthan the time-average sound level if avery loud sound occurslessthan 10% of thetime. LO1
indicates the highest levels likely to occur. The difference between LO1and L90 or L10and L90is
agood indicator of variationin sound levels. A measurement period always must be specified for any
statistical vauessuchasL 01, L10 or L90 to have meaning. The number of samples measured should
be at least 10 times the difference in decibels between the highest and lowest level. Otherwise,
different people measuring the same sound could get widely varying results. Ideally, with automated
instruments there should be at least two samples per second with slow meter response, and at least
16 samples per second with fast response. This gives acomplete description of the sound variation.
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A specid type of average sound leve is used to describe the long-term acoustical climate of a
location. The Day-Night Average Level istypically calculated over ayear, and hasa 10 dBA night-
time penalty added to al sound between 10:00 p.m. and 7:00 am. This is abbreviated DNL, or
sometimes LDN. DNL ismost useful for planning purposes when noise does not change much from
daytoday. Itfallstoidentify some problemsdueto intermittent loud periods our undesirable sound
qualities. Most typically, daytime average levelsare closeto or afew decibelslessthan the day-night
level. Night-time average levels are usually 5 to 15 dB less than the day-night level. If the noiseis
dominated by amajor highway, the DNL isusually within one dB of the average level for the loudest
hour. Aswith any average, communitieswith very different actual noise characteristics can havethe
same day-night level.

Typical Community Sound Levels

Our world isfilled with sound. People in various places have become accustomed to a wide range
of sound levels with widdly varying frequency and temporal characteristics. We usually do not even
notice these background sounds. We may notice but accept certain identifiable sounds such as
properly muffled automobiles or lawn mowers. Problemsoccur when loud soundsregularly interfere
with activities. There aso can be annoyance when the frequency content, time pattern, information
content, or concentration of sound from a given direction makes it especialy noticeable. When the
sound is undesirable, we cdl it noise. Noise is by definition undesired sound. Depending on
circumstances, one person's music may be another's noise. Even the same sound may be music or
noise to the same person at different times.

The figure on the next page shows ten minutes of sound measured for the US EPA on what is
described as a "quiet suburban street.” However, many southeastern US areas would consider this
an urban area by local standards. While the level much of the time is below 50 dBA, it sometimes
rises above 60 dBA. The averagelevel, LEQ, for this period is around 58 dBA. Many people have
atendency to consider only the quietest background sounds as the typical sound of their community.
Thisis not redlistic. A common occurrence often overlooked is high-pitched insect sound in the
range of 55to 60 dBA. The average level often provides a better indicator of the sound. However,
you must be careful. The average level can be raised very much by asingle, short, very loud sound.
Thus, average levels also may not represent conditions normally expected. Knowing the full
statistical picture of the sound is helpful. The L90 indicates the background level, around 44 dBA
in the figure, and the LO1 indicates the loudest levels, around 68 dBA in the figure.
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TYPICAL QUTDOOR -SOUND MEASURED ON A
QUIET SUBURBAMN STREET

While no perfect measure has been devel oped, the day-night level isthe best available single- number
rating for the long term acoustical "climate" of a community. The range of day-night levelsin
American residential communitiesis wide. In some wilderness and farm areas it can be below 35
dBA. However, it is often closer to 45 dBA due to insects, animals, and farm activities. Most
residential areas are in the range of 50 to 60 dBA. The day-night level can be as high as 85 dBA at
some places in very densely populated parts of large cities.

The EPA published datain 1974 relating typical day-night sound levelsto population density. The
dataa so showed the percentage of the national urban popul ation exposed to the variouslevels. The
table below isalisting of this dataextended to rural areas. Some places can be noisier than expected
based on the population density alone. This can easily happen around airports and near maor
highways. For population densities of 6300 people per square mile and higher, thereis usually very
little provision for outdoor activities. People in these more populous areas are more likely to live
mostly indoors. They use protected local parks or travel to recreationa areas in the country for
outdoor activities. In quieter, low-density areas there are single-family homes with large yards.
People expect to enjoy outdoor activities in their own yards. Thus, there is a difference between
"indoor communities' that accept more noise and "outdoor communities.”
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Relationship of Population Density to Sound Level

Day-Night Level, dBA % of US Population People per square mile (acre)
35-50 33 Non Urban

45 9 200 (0.3) very light density
50 8 630 (1) light suburban
55 14 2000 (3) small city, suburban
60 19 6300 (10) urban multifamily
65 13 20000 (30) dense urban
70 5 63000 (100) very dense urban

The population density of southeastern US neighborhoods is usudly less than that for the
neighborhoods of alarge portion of the people in the United States. Consider some differencesin
stati stics between the US aswhole and North Caroliinafor illustation. The population density of the
50 largest cities in the country (including four with large rural areas within them) averaged 4000
people per square milein 1980. (Not counting the four cities with large rural areas, the averageis
5250 people per square mile.) By contrast, the 17 largest incorporated cities in North Carolina
averaged 2200 people per square mile in 1983 with the most dense having 2750 people per square
mile. Forty percent of the population of the country is concentrated in 88 counties and independent
cities, none of whicharein North Carolina. Thelargest city in each state averages 13.6% of the state
population. In North Carolina, the four largest cities combined total only 13.1% of the popul ation.
Though these statistics make North Carolina appear undeveloped, this is not so. Rand McNally
defines significant independent "metropolitan” areas in its commercid atlas. North Carolina has
sixteen "metropolitan” areas, and only sx states have more. The population and development are
amply moredispersed herethanin other states. Also, whilethe population of this state is spread out
withalow density, there are some placeswhere sound levelsare higher than expected. Theseinclude
areas around airports and near mgjor highways. However, the population density is a significant
factor in considering appropriate noise criteria for evaluating a community. Some criteriathat have
been developed to evaluate noise in densely populated areas are appropriate for the lifestyle and
expectations in those areas. They are not necessarily appropriate for the southeastern environment
and lifestyle.
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Effects of Noise

The scientific community has documented many effects of noise on people and their activities. Some
aredirectly related to the noise. Othersarerelated indirectly asaresult of stressinduced by the noise.
The United States EPA has recognized clear evidence that noise of sufficient intensity and duration
can Temporarily or permanently damage hearing,

Affect performance of a complicated task,

Interfere with speech and other auditory communication,

Disturb degp, and

Be a source of annoyance.
These effects could be expected to affect the value of noise-impacted property. Studies based on
aircraft noise have indicated a value reduction of .5 to 2.5% per decibel increase in average sound
level for residential properties.

The level and duration of noise required for hearing damage is greater than that required for other
effects. Hearing lossisrarely anissueinresidential areas. Hearing losses typically occur from work
or recreational exposure to loud sounds.

High sound levels cause aperson at work to concentrate their attention to their most important task.
This improves performance on smple tasks, but deteriorates it in more complicated cases where
severa tasksaredone at once. Most of the research in this area has been done for sound levels over
70 dBA which occur infrequently in residential areas.

Communicationsinterference, deepinterference, and general annoyance effectsarewell documented
noise problems in communities. These effects, especially annoyance, occur for a wide range of
soundsvarying inlevd, frequency and temporal characteristics. Non-acoustical factorsalso strongly
influence annoyance. Stressinduced by annoyance can affect the ability of the body to fight existing
ailments. Annoyance, and interferences with communication and sleep are discussed in more detail
below.

Communications Interference

Most people at one time or another have experienced communication difficulty as a result of
background noise levels. The degree of interference depends on many factors. These include the
level and steadiness of theinterfering noise, (particularly thelevel of the noiseat speech frequencies),
the listener's prior knowledge or anticipation of part of the transmitted information, and the sound
level of the transmitted information. The sound level of the transmitted information at the listener
depends on the distance between the source and the listener. For a speaker and listener outdoors,
around 6 feet apart, the beginning of speech interference by many common steady noisesisat around
60 dBA.
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Sleep Interference

Sleep interference is a consistent and prevalent complaint in surveys taken about community noise
problems. Research reviewsclearly show noiseinterfereswith deep either by awakening the sleeper,
by atering the depth of the sleep, or by making it difficult to go to leep. It isaccepted that steady
noises of a given level are not as disturbing as intermittent noises of that level. However, a
complicating factor in research is that meaningfulness of the noise has an effect on whether or not a
personisawakened. For instance, the cry of ababy may awaken aconcerned mother but not others.
Undesired sound including information such as speech or music is difficult to ignore when one is
trying to go to seep. A developed attitude about a noise also influences ability to go to sleep. A
person upset by sound fromaneighbor'sair conditioner may have difficulty going to sleep. However,
the same person may have no problem with avery smilar sound from his own ventilation system at
other times. Older people are more likely to be awakened, but are less affected by the loss of sleep.

There is widespread consensus that steady sound levels in bedrooms should be below 47 dBA.
Lower levels are desirable as long as they are steady. Key factors are to prevent changes of 10
decibels or morein sound leve, or intermittent sounds over about 55 dBA. A higher level of steady
sound, less than 47 dBA, can help mask intermittent sounds that would be a problem with lower
steady sound levels.

Community Reaction and Annoyance

The adverse responses of people to noises introduced into their environment are measured in two
ways. Theseare counting complaintsto authoritiesor "community reaction,” and by surveysthat rate
"annoyance." Thenumber of complaining people doesnot directly indicate annoyance. Some people
who are annoyed do not complain. One study examined the relationship between the number of
people "highly annoyed" and the number who complained. The researchers found that if 1%
complained, 17% were highly annoyed, and if 10% complained, 43% were highly annoyed. A few
complaints may show a high community-annoyance level.

Asaresult of various research studies, several important factors were identified for determining the
community reaction and annoyance produced by noise. These were identified by the US EPA as
follows.

Level and frequency content of the noise.

Duration of the noise.

Time of day noise occurs.

Time of year the noise occurs.

History of prior exposure to the noise source.
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Perceived attitude of the noise source owner.

Specia characteristics of the noise that make it especialy irritating.

Outdoor sound level when offending noise is not present.
People are more accepting of noisesthat occur only in daytime or only inwinter. They accept noises
they are accustomed to and were present when they bought their property. It helpsif they believe
the producer of the noiseis doing everything reasonable to control it. It aso helpsif the noiseis not
unpleasant sounding.

Animportant factor iswhether the noise is much louder than the sound present in the neighborhood
without the noise. The most significant result of the EPA community reaction studies is that
widespread complaints and possibly legal action usually occur when the average level of noise from
asngle sourceisregularly morethan 5 dB above the average level of other soundsinthe community.
Vigorous community action results for differences of 20 dB.

Perceptionsareimportant. The attitude of the source owner as perceived by the complainant isoften
the second most important factor. Sometimes complai nants have amisconception of thetrue attitude
of the source owner. Other studieshaveidentified other perception factorsthat arevery muchrelated
to community reaction and annoyance. These include whether the complainant perceives the noise
as

Unnecessary or unnecessarily loud,

A threat to personal health or safety,

A threat to economic investment (property value), or

Beyond his control, or if

The complainant believes he is being ignored or treated unfairly.

Special characteristics in the way the noise sounds must be considered. Some sounds are more
irritating or difficult to ignorethan others. The acoustical designersof vehicles, appliances, and other
products today spend most of their effort on "sound quality.” It isrecognized that people not only
expect quiet, but expect aquality of sound. The most common sounds with irritating characteristics
are those containing tones, or repetitive impulses, or information content. A toneisaconcentration
of noiseat asingle frequency. Examplesof soundswith strong tonesare sirens, horns, bells, whistles,
and certain types of transformers, pumps, and fans. These produce shrill, whining, or humming
soundswhich get attention. These are the types of sound that are hel pful aswarning devices, but are
irritating to listen to continuoudly. A repetitiveimpulsive sound is one which is made up of repeated
pulses of sound. Examples are power presses, hammering sounds, and gunshots. Such sounds
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usualy must be several decibels quieter in measured sound level than "normal” soundsto produce a
smilar amount of annoyance. A five decibel penalty has often been used. However, recent research
indicates that highly impulsive sound such as gunshotsmust produce atime-average level 12 dB less
than more common sounds for the same annoyance. Loud or amplified speech and music pose
difficult problems because of the information content. People do not expect to regularly recognize
music or understand speech coming from outside their home. Quantity of sound is the major issue
indensaly populated areas. However, the quality of soundisusually the stronger issueinlessdensely
populated areas such as much of North Carolina.

Evaluation of Environmental Sound

The normal goal in environmental noise eval uation and control isto assure compatibility between the
noise in acommunity and the needs and expectations of residentsand business owners. The federal
government and national standards organizations provide some guidance. The federal government
regulates all transportation noise sources. However, local governments are responsible for any
regulation of local noise sources not on public roads or inthe sky. Such local regulations are usually
minima. They strive only to prevent the worst of problems. Regulatory compliance does not
necessarily relieve a noise producer of responsibility if the value of property impacted by the noise
is reduced.

The following discusses first the general way acoustical consultants view the problem of acoustical
compatibility. There is then some specific discussion of nationa standards and federal guidelines.
Findly, local ordinancesrelated to noisein residentia areasarediscussed, emphasizing thoseinNorth
Carolina

Acoustical Compatibility in Site Selection and Design

Acoustical consultants are sometimes asked to assist planners and developersin selecting sites for
variousfacilitiesandinfacility design. Thefirst goal isto find asitethat isas compatible acoustically
with the intended usage as possible. This then reduces the cost of design to maintain compatibility.
The goal may be to find a quiet location to minimize construction cost to block noise. You would
not want to place a concert hal directly in the take-off pattern of an airport. When the new usage
produces sound that will be difficult to control, the goal isto find alocation where the sound will not
be aproblem. Thismay mean large buffer spaces between sources and surrounding sensitive aress.
The cost of sound control is balanced against the cost of providing a buffer.

Residential areas are often portrayed as especialy sensitive to noise. Many communities limit noise
going into residential areas by ordinance. Some communities have legidation prohibiting new
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residential development in especialy noisy areas. Inredlity, the existing conditions and expectations
inresidential communities vary widely. 1n some communities amajor asset istheir peace and quiet.
Such communities may be remotefrom city conveniences and major travel arteries. Such areas often
attract people willing to sacrifice some convenience for the quiet. In more densely populated urban
areas, the primary noise concern isinsde the home. People expect it to be noisy outdoors. They
accept that as long as the sound penetrating the home is acceptable.

It is widely recognized that attitudes regarding noise vary from person to person. Actualy the
tolerance of a given person can vary from time to time. A young person might accept a noisier
neighborhood they can afford and that is convenient to their work or school. If they like to party,
they may prefer a community that will accept their late-night sounds. They may prefer a
neighborhood with late-night entertainment evenif it isloud. Later inlife, they may prefer aquieter
place. Oncethey find aquiet place in the country, they may not tolerate the same sounds they once
participated in producing. Many peoplelivein maor citiesbut have weekend retreats. They tolerate
much more noise in the city than they would tolerate at their weekend place. People also will accept
infrequent specia events much more readily than regularly recurring events. A loud event once or
twice a year is usually not a problem if beneficial to the community and well publicized. Weekly
events occurring every Friday or Saturday evening are common problems.

Many factors must be considered when evaluating compatibility between a new sound source and a
community. The first is compliance with any applicable regulations. This may not be sufficient.
Most regulationsareonly minimally protective. Neighborhood characteristicsand expectations must
be considered. Usually asound sourcewill affect alimited areawith similar characteristics. Sources
affecting large areas may affect several neighborhoods with different characteristics. 1t may then be
possible to direct the sound into areas whereit isbetter accepted. Other sound-control measuresare
then considered. Setting an appropriate goal requiresjudgment and experience. Most communities
will accept some new sound. If the goal is set too low, it resultsin extra cost for the owner of the
source. It could jeopardize whether a project can be built. However, developers are cautioned
againgt setting a high initial goal and expecting to reduce the noise if problems develop. Once a
problem is perceived, it often takes more noise reduction to satisfy neighbors.



Environmental Sound Page 13

Federal Guidelines and Regulations

Most Federal noiseguidelinesand regulations for residential areas are based on the day-night average
sound level (DNL). However, they are inconsistent with some allowing much more noise than
generaly considered desirable. These higher limits used by some agencies were set in the 1970's
based on acceptance by people who had chosen to live in such areas and by the difficulty of the
agency to meet lower noise levels. Thisisvery mideading when new or increased noise isimposed
on communitiesinitialy developed with an expectation of lower noise. The existing population may
have chosen to live in an area because of itsquiet. That would more likely be the case if the areais
developed to appeal to people seeking a quiet environment.

The U.S. Environmental Protection Agency in 1974 recommended that DNL should be kept below
55 dBA inresidentia areas"to protect public health and welfare with an adequate margin of safety.”
Thisleve correspondsto that normally present inacommunity of about 2000 people per square mile.
This study, commonly called the "Levels Document,” provided tablesto help eval uate problems and
potential for noise complaints based on DNL. These tables were based mostly on experiencesin
densely populated urban areas. It was recognized that the measured DNL in some caseswould have
to be adjusted or "normalized" before comparing to criteria to achieve an accurate assessment. For
instance, it wasrecommended that 10 dB be added to the measured DNL ina"quiet suburban or rural
community (remotefromlargecitiesand fromindustrial activity and trucking.)" Unfortunately, some
of the most widely applicable Federal guidelines and regulations fail to recognize this need to tailor
the criteria to the circumstances.

The U.S. Department of Housing and Urban Affairs (HUD) has noise criteria to evaluate whether it
will fund housing in an area. HUD drew upon a study by Ted Schultz relating the percentage of
people highly annoyed by noiseto the DNL wherethey lived. HUD recognized it desirableto set the
limit at DNL 60 dBA, corresponding to noise expected in an area with a popul ation density of about
6000 people per squaremile. However, HUD needed to build housing in more densely popul ated and
noisier locations. Due to economic considerations, the limit was set at a DNL of 65 dBA. This
corresponds to alevel normally expected in an areaof 20,000 people per square mile. Levelsabove
DNL 65 dBA are considered normally unacceptable by HUD, and not a desirable condition. Dueto
needs for housing in even noisier areas, exceptions are made. Extra sound insulation isrequired for
homesinthe noisier areas. Areaswith DNL 60to 65 dBA are considered “normally acceptable,” and
those under DNL 60 dBA are “clearly acceptable.”

The Federal Aviation Administration and the Department of Defense have adopted DNL 65 astheir
goal and funding for noise control. They do not recognize noise impacts from aircraft or military
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activitiesbelow this. The Federal Highway Administration criterion for funding is aloudest hour of
67 dBA. Thisis comparable to a DNL of 66-68 dBA in most cases. Funding can be provided in
some cases for very major noise increases that do not reach thislevel.

Contrasted to these are the criteria used to evaluated railroad noise by the Federa Transit
Adminigtation, the Federal Railway Administration, and the Surface Transportation Board. They
consider a project noise of DNL 55.5 dBA to be an impact on an area with an existing DNL of 55
dBA. A project with DNL of 62 dBA is considered a severe impact in such an area. In very quiet
areas, trangit projects with DNL 55 dBA or less can be considered a severeimpact. The American
Public Transit Associational so hasafurther criteriabased on maximumlevel during apassby, ranging
from 70 dBA for single family homesin low-density quiet areas to 80 dBA for multifamily areasin
already noisy high-density areas.

The Federal Energy Regul atory Commission regulates the noise of pipeline compression stations and
requires that they not exceed DNL 55 dBA at any pre-existing residential location.

National Standard

Theuseof DNL for land-use planning has been standardized in anational standard, ANSI S12.9 Part
5 Sound Level Descriptorsfor Determination of Compatible Land Use. Notethat thisisfor planning
the use of land with an existing noise exposure, rather than for evaluating impact of a new noise on
existing development. An appendix to this standard (whichisnot strictly apart of the standard) gives
examples of compatible day-night levels for variousland uses. It indicates that single-family homes
with extensive outdoor use are compatible with day-night levels of 55 dBA and less, and marginally
compatible in the range of 55 to 65 dBA.

|nternational Guidelines

The World Heal th Organization (WHO)has guidelinesindicating that “ serious annoyance” should be
expected inresidentia areas if the average sound level exceeds 55 dBA in the daytime or 45 dBA at
night, with “moderate annoyance’ for levels 5 dB lower. The WHO aso suggestsalimit of 60 dBA
on the maximum event level at night to protect from sleep disruption.

The World Bank Group has guidelines to insure that their projects in developing countries do not
create problems. They require that financed industrial projects not exceed average levels of 55 dBA
in the daytime and 45 dBA at night at residential locations. These recommendations are supported
by the International Organization for Economic Co-operation and Development, which further
recommends levels 5 dB lower in rura aress.



Environmental Sound Page 15

Local Noise Ordinances

The first known local noise ordinance containing specific measured noise limits was adopted by
Chicago around 1955. It followed an extensive survey of existing city sounds. The limits were
expressed in octave-bands. Thesewere zoning regulationsaimed primarily at industry. Initially, they
applied to steady sounds only and were the same day and night. The equivalent A-weighted levels
were 61 dBA for sound entering other business areas, and 54 dBA for sound entering residential
areas. The survey showed that only one percent of the industry in the city would need to act to meet
the limits.

Ordinances may be zoning performance standards for new sources, or general ordinances enforced
against any source. Zoning performance standards will more commonly include octave band limits
and can be more stringent than general ordinancesto limit the growth of noise. General ordinances
usualy are kept smple and based on measurements over periods typicaly less than an hour. They
cannot be a full assessment of the long-term noise environment. The limits in them should be
appropriate for the measurement method and length of measurement specified. Thus, for a short
measurement period, limitsshould be set alittle higher so as not to restrict unduly a sound that only
lasts a short period. The limits also must consider existing accepted sounds variations in noise
expectations within the overall geographic area covered. The limits must not be too restrictive for
more densaly populated areas that normally expect morenoise. This means that sounds that last for
long periods could meet the requirements of the ordinance and till create a problem, especidly in
parts of the community that expect quieter levels.

Ordinancelimitsareusualy related to the use of the property the sound isentering. Sometimeslimits
areinappropriately based solely on the use of the source property. Morecommonly, someallowance
is made for sound entering residential areas from established industrial areas. One common method
isto arithmetically average the limits for the two uses.

Many communities have adopted local ordinances for controlling noise. The U. S. EPA published
amode ordinance in 1975. An included survey identified 118 communities with local limits. The
most popular limits for noise entering residential areas in daytime were 55 and 60 dBA with the
average being 56.75 dBA. The most popular limitsfor night in residential areaswere 50, 45, and 55
dBA in that order, averaging 51.75 dBA. The survey did not distinguish among maximum levels,
L 10, average levels or other measures.

Some ordinances based on the Chicago model are still in effect, including measurement requirements
that cannot be met by any instrument made after 1963. Some communities have adopted ordinances
limiting specific sources to specified sound levels. At least 18 municipalities and countiesin North
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Carolinanow have zoning or general ordinances specifying limitson sound from any source crossing
boundaries. These are summarized in the table on the next page. L10 based on 100 measurements
is the most popular method of measuring and setting limits in North Carolina. The most popular
limitsare 60 dBA in the daytime and 55 dBA at night. Most using the L10 method also specify a
higher maximum level never to be exceeded. Thewider availability of instruments to measure time-
average level has led to increasing use of this measure in new ordinances. Notice that some
communities impose lower levels on sound that contains music or speech or has tonal or repetitive
impulsive characteristics.

Some college towns start the night period later than most communities, and allow higher levels on
weekend evenings. These ordinances were originally adopted to allow fraternity parties but with
some control. These communities use maximum level limitsfor ease of enforcement against parties.
However, the high limitsallowed during " party hours" are high for steady sound, and the lower limits
areother timesare very restrictive for brief sounds. The Chapel Hill ordinancerevised in 2001 isthe
most restrictive known in the state. While not a zoning ordinance, it contains an exemption for
sources existing at the time of its adoption, requiring them to meet only the previous ordinance.

Wake County has both zoning and general ordinances. The Wake zoning ordinance sets maximum
level limitsbased on duration of sound. 1t does not make clear how this appliesto asound that varies
inlevel. The Wake County general ordinance is based on L10 but requires too few measurements
for reasonable accuracy. It isunclear in other ways.

The City of Durham has a general ordinance that is also referenced as a performance standard in the
City-County Zoning code. This ordinance has an unusual requirement setting what would normally
be residential limits on all sources regardiess of the neighboring property use. Thus, a factory
surrounded by other factories still has to meet low noise limitsat its boundaries. Contrasted to this
isthe situationin Rowan County and the City of Greenville. Therethelimitsare set solely on theuse
of the source property so that industrial properties only have to meet high limits even if they have
residences next door. Wilmington is unclear on this.

Community Noise Ordinances in North Carolina, limits are A-weighted sound levels.

Community Limits for Sound into Residential Areas
From Residential From Industrial Night period, Enforcement
Day  Night Day  Night M easurement Techniques

Apex 55 45 55 45 10pm-7am, Not specified

Limits apply 10 ft from boundary, Maximum Level limit 10 dB higher L10 100 Meas. 10 sec. apart

Boone 60 50 60 50 11pm-7am, Police Dept

some evenings 70 70 70 70 Maximum Level Limits Only

Cary 60 60 60 60 9pm-9am, Police

50 dBA at night for amplified sound Maximum Level Limits Only
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Community Noise Ordinances in North Carolina, continued

Community Limits for Sound into Residential Areas
From Residential From Industria
Day  Night Day Night
Chapel Hill 50 45 50 45
Also includes third-octave limits
sources existing before
9/24/2001 60 50 60 50
Chatham County 60 50 60 50
Clayton 55 45 63 55
Maximum level limit 10 dB higher
Cumberland Co. 60 55 60 55
Maximum level limit 15 dB higher
Davidson 70 55 70 55
Night starts 1am on weekends
Durham 60 50 60 50

City general ordinance referenced in both city & county zoning codes

Fayetteville 60 55 60 55
Maximum level limit 15 dB higher
Also has Octave-Band Limits
Garner 60 55 60 55
5 dB lessif tonal or repetitive impulsive
Greenville 60 55 75 75
some evenings 70 70
Hickory 60 55 60 55
Lenoir County 60 55 60 55

Maximum level limit 15 dB higher

5 dB lessif tone, impulse, music, or speech.
Raleigh 55 45 63
Maximum level limit 10 dB higher

55

Also has third-octave limits for low-frequency music

Rowan County 60 55 75 65
Wake County 55 50 55 50
(General Ord.)

Wake County 55 45 55 45

(Zoning Ord.) 5 dB higher if less than 20% of hour
10 dB higher if less than 5% of hour

5 dB lower if tonal or repetitive impulsive

65 55 75*
Max. slow limit 3 dB higher

Wilmington 70*
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Night period, Enforcement

M easurement Techniques
11pm-7am, Police Dept.
Maximum Level Limits Only.

11pm-8am

10pm-8am  Sheriff
Maximum Level limits only.

11pm-7am, Police Dept.
L10 100 Mess. 10 sec. apart

10pm-7am, Health Dept.
L10, Measured over 10 min.

11pm-8am, Police Dept.
Maximum Level Limits Only

11pm-8am Unclear
Maximum Level Limits Only

10pm-6am, Police Dept.
L10 120 Mess. 5 sec. apart.

10pm-7am, Zoning Code
L10 100 Mess. 10 sec. apart

11pm-7am, Police Dept.
Maximum Level Limits Only.

10pm-7am Zoning Code
L10 100 Mess. 10 sec. apart

10pm-6am, Sheriff
L10, Measured over 10 min.

11pm-7am, Police Dept.
L10 100 Mess. 10 sec. apart

11pm-7am Environ. Serv.
15-20 minute average

11pm-7am, Not Specified
L10 20 Meas. 10 sec. apart.
9pm-7am, Zoning Office
Maximum Level Limits Only

11pm-7am, Not Specified
1 minute average

* Not clear how limits are applied across differing uses.

Note - L10 indicates that 10% of measurements must not exceed stated limit.



