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The extremely defuiled step-by-step procedures presented in this menual may
lead the reader to believe that the monitoring of cammunity noise is a hardened,
thercughly developed science. Although it is true that the procedures contained
herein have evolved over a gericd of several years and have undergone developmental
applicnricln in at least four cities, it should be understoad that sampling and description
of the community noise environment remain ot this time in a state of repidly advancing
evolution. New research appears frequently that cddresses sampling theory end its
application, sampling accuracy, and the reletionships between varicus measures of
community noise and associated human responte. Although the steps given in this
manual regresent the current stote-oi-the-art on the subject and should be
foliowed closely, the specificity of the material should not preclude the incorporation

of appropriate informed modifications as this field becomes better understood.
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CHAPTER 1

INTRCDUCTICN

Secfion 1.1  Purpose of the Manual

The Noise Control Act of ]9721 was passed because of the defermination by
Congress that "..,inadequately controlled noise presenrs a grewing danger to the health
and welfare of the Nation's population..." The Act declares a federal policy "...to
promotfe an envirenment for all Americans free from noise that jeopardizes their health
or welfare..."” The community noise measurement procedures presented by this manual
have been developed under sponsarship of the U.S. Environmental Protection Agency,
Office of Neise Abatement and Control (EPA/ONAC), as one effort toward implementing
thizs poliey,

The manual itself was created as one of three basic elements in EPA's Quiet
Communities Program (GCP), ¢ program which was designed for application by communities
with populetions between 50, 000 and 150,000 pecple to assess and improve their noise
environment. Tha QCP scheme begins with o comprehensive community=wide noise
measurement survey and a community=wide social survey of attitudes ineluding attitudes
toward noise.z Data from both surveys can then be integrated in @ noise reduction
strategy development program which develops an optimal plan for rasource allecation
ameng the mest effective noise reduction measures for the surveyed community.”™ This
manual presents the specific technical instructions and guidslines needed by municipal
authorities to carry out the initial noise level survay. The survey is of a type that will
determine dverage noise levels and major noise sources for the community as a whole, and
can be used in planning noise reduction measures to benefit the entire community, or
substantial portions thereof. Typically, the survey will take betwean 1 and 3 menths
fer planning and execution, and will require at least two steff members plus several
fiold personnel. Although mtilored to supply acoustical data for use in the attitudinal

and strategy portions of the QCP, the procaduras given in the manual can be applied

]Superscript numbers indicate references ar end of manual text,

j=1
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independently to abtzin ¢ derciled description of the community noize envirenment
userul of ftself in eveluaring end improving the quality of lie. Although measurement
or improvement of individual localized noise problems (i.e., a single noisy small -
factory cousing complaints) is not the basic purpose of the manual, the discussion of

this topic is included in Appendix B, @ good background for cnyene charged with

developing solutions to sueh problems.

The instructions presented herein are directed peimarily to the nonspecialist
cudience of administrators, city planners, or other officiels who might be responsible
for implementing @ community noise meesurement program once the decision to conduct
such a program has been remched and the responsible city agency assigned. Throughout
the manual, emphasis is placed on "what to do, " with detciled precedures arrenged in @
stepeby=step fashion for cest~conscious survey planning, field noise measurement, and
data reduction. Limited guidance is also provided for program management and
interpretation of results. For the benefit of specialists in qeoustic measurement,
technical background suppertive of many of the procadures given in the manval has

been included in appendices.

Section 1.2 Manitaring Program Overview

A community-wide noise measurement program, such as the one discussed in

this manual, showid be implemented in sequenced stages as shown in Figure 1-1,

" Those stages that are included within the scope of the manual are indicored in the

figure, and described briefly below.

The pfoce:s is begun with o formal summuary of existing knowledge of noise
and noise problems in the ccmmt;nity derivad principally from complaint histories and
interviews with select municipal figures. Objectives for the noise measurement
progrem are then seiected based on this information and proctical resource constraints
of fho'perﬁ:rming agency. At this peint, the survey program can be designed, with
preparation and field implementation following directly. Thase activities Involve

selection of noise measurement sites, establishing a plan for sampling these sites,

R s £y o P R R o T ) 1 o Rtk b+ A 4omanmis e e . o )
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legisties of menpower and’equisment use, and actual field mecsurements normally

parformed using ¢ simele noise magsuring device called a sound level merer. Following

this, the raw cata collected must be processed or reduced te determine average sound
levels for large areas of the community and rhe contributions of specific noise sources.
Evajuation of these values regarding the acoustical acceptability of various community
areas will evolve into noise reduction measures cuch as educational programs, noise
ordinances, or heightened enforcement efforts. Such measures may be selected through
application of the Noise Reduction Strategy Program, or from a general consideration
of community noise levels and local needs. Implementation of these mecsures will
normally be the responsikility of the municipal cgency mest closely related to the
nature of the measure. Fnally, a simpler, follow~up noise survey should be performed

at an aperogricte future time to assess the changes or effects resulting from the measures

taken.

Section 1.3 Seund In the Community -

 community,

1 ..3. 1 Intreduetion

Qutdeer noise in a community is quite complex in its detail, varying both
randomly and systematically in space and time, One might picture the phenomena
like the complex ripples on a pond ganerafed in a heavy hailstorm, where the impoct
of each hailstone generates its own familiar expanding ripple in the water analogous
to @ seund wave in alr crected by a single sourea, The summaticn of all of the
ripples from all of the hailstones creates a complex pattern of waves, Indeed, not
unlike the complex spatic! and temperal pattern of sound waves in a community from
many noise sources. There are, of course, maore recoghizable patterns to community
neise than to the mere or less random pattern of hail striking a pend ~ yet the physical
picture is useful to indicate the degree of complexity involved in monitering
community noise = like trying to determine the average height of the complex pattern
of rip;I‘e's on rhéns'ohd. Compound the problem by picturing many obstructions in the
pond to eorrespond to communities with widely veried geographic and building charac-

teristics, and one begins to have some idea of the difficulty in making an area noise survey,

The ramainder of this saction will discuss the nature of seund and its measurement 'in the
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1.3.2  Sound Level and the Decibel

The sound we near is reaily made up of very minure and repid varictions in

the air pressure ot our ears, which are very sensitive to such pressure changes, We

perceive these minute pressure variations as sound. Commonly, if the sound is

unwanted, it is referred to s noise. Sound is generated in many ways but most

ecommoniy by vibrating or moving objects or gases which perturb the nearby air.
Like the expanding ripples in the pond, seund radiates out from the source in waves
traveling at a speed of about 340 maters/second (1115 ft/sec) under typical atmospheric

conditions with a temperature of 15 degrees Celsius.
If we could measure the pressure of @ sound wove in space that is radiated by
a simple source such as a tuning fork, for example, and observe it for @ short time,

we would find two cheracteristic features of the sound wave — the amplitude, and

rate of variation of the minute pressure changes = that is the time between each cycle

of the varying air pressure, os i{lustrated in Figure 1-2.

Prassyre

IR
:> %CUA T Amplitude

Sy gy—i T?me

Figure 1-2. Sound Wave Radiation by @ Tuning Fork
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The cmelitude of o sound is exoressed on ¢ scale given in decibels —a term
which can be expleined in the foilowing way. If we assign the number | to the sound
pressure corresponding to the smallest sound that can be heard by the humen ear, then
the sound pressure of our veice in quiet conversational tones would correspond
cpproxinctely to the numkber 1000, A loud voice would be approximately 30,000 and

physical pain would be felt in the eor at o sound pressure of over 1,000,000.

While our broins have no trouble perceiving this wide range of sound
pressures sensed by our ears, it is inconvenient fer us to express the magnitude of such
numbers with ail these zeros. [t becomes more convenient, therefore, it we base our
scale of sound on the numker of zeros rether than the actual number itself. The
logarithm to the base 10 does just this. Thus, we assign zero in our scale to the sound

magnitude we can just hear, since the logarithm of 1 is zero. Our quiet conversational

tones will then be assigned the number 3, since the logarithm to the base 10 of 10Q0 is 3,

and the sound magnitude cousing the physical poin would raceive the number &,

When we use logarithms to axpress the magnitude of sound such as in the
example above, the quantity measured in such a scale is called a level. As indicated
above, the basic physical parameter that allows us to actually hear a passing sound |
wave is the sound pressure. Engineers and scientists prefer, however, te work in terms
of sound intensity, which is proportional to sound pressure squared instead of sound
pressure. Thus, all the above numbers for sound pressures must be squared. Making
this adjustment, 1 sgquared becomes 1; 1,000 squared becemes 1,000,000; and
1,000, 000 squared bacomes 1,000,000,000,000. Fertunately, the logarithm of @

.squared number is just two times the logarithm of the number; so, instead of the level

ranging from 0 to 6, it ranges from 0 to 12, In the fields of electronies and acoustics,
the unit on this seale is called the bel in honor of Alexander Graham Bell. For
convenience, the bel is divided up into 10 smaller units, so that the scale of level in

the previous example now extends from O to 120 decibels or tenths of bels. Figure 1=3

|
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provides an illustration of these concepts for cenverring from the inconvenient
amplitude scale (linear pressure) to o more convenient seale of level {logarithmic)

with decibels as the units.

10,000 =~ 103,000,000 = B

1 ok 1 mhe 0

Fressire Premuce Orcatwi

Scale Squated oo
Scaie A

Figure 1=3. Conversion from the Lineer Pressure Scaie to the
Decibel Scale

Utilizing this basic idea of a leve! seale, aecusticians have inventad a
profusion of differsnt measures of sound levels, all in decibels, abbreviated dB. The
most commen of these is the sound pressure level (SPL), which can be read directly

in dB from a sound level meter during @ community noise survey. For any given

sound or noise, as the sound pressure level increases, so does the loudness that we sense.

By design, the zero point on the decibel scale of sound pressure level was chosen
to correspond approximately to the lowest sound pressure which the average person can hear.
The actual magnitude of this so=called reference pressure is 20 millionths of @ Newton per
square meter, or simply, 20 micropascals, abbreviated 20 Pa, In more familiar units,

this minute pressura carrasponds te about 3 billionths of & pound per square inch,
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1.3.3  Freauency end Weizghting Networks

The rete of variction of pressure in the sound wave is called ifs frequency.
For examplie, the tone on the musical scuie designated as "A'" occurs when the pressure
changes through a complete cycle <40 times per second. The frequency of this tore,
that is, the number of cycies oceurring each secand, is then said to be 440 herrz,
where "hertz, " abbrevieted "Hz," has been adopted to cesignate this rate {or number
of cycles per second) as the preferred unit of frequency. An increase in the frequency
of a tone will be sensed as an elevation of pitch. A doubling of frequency, say from
440 to 880 Hz, is equivalent to cn ccteve increase in musicel tones. Thus, a tone
of 880 Hz is the pitch of "high A." Many prefixes cre used with the unit of frequency,
but the one that is commen in acousties is "kilo-, " abbreviated "k, " which stands fer
a facter of 1000. Thus, 8000 Hz can be aboreviafed as 8 kHz. The normal young
adult, without any history of medical problems with his ears and no excessive noise
expasure, can hear sound with frequencies 'Frcm wboyt 20 Hz to 20, GO0 Hz (20kHz).
Thus, the sound mecsurement instrumentation wsed in the noise survey need only be

sensitive to seunds conteined within this frequency range.

The "simplest” physicatl measure of a noise that cantains sounds of many
frequencies is its overall sound pressure level. Hewever, such a measure would give
ne indication of the frequency content of the noise; neither would it give any informa~
tion as to its pereeption by pecple. However, it is possible to give @ ncise measuring
instrument certain characteristics which make the measured results much more usefu!.
This has been done with the sound level meter and similar measuring instruments.
Modern sound leval meters incerporate circuits that shepe the electricel fraquency
response of the device to approximate the frequency rasponse of the human ear. The
circuit which performs this function is celled @ "weighting netwerk, ' and the most

commen form of weighting network used in sound level meters is referred to as

Aw=weighting.
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The A~weighting response — shown on Figure 1-4 — provides a close approxima-
ticn of the response of the humen ear to o normal! range of sound levels, and many |
national and internationa! standards for noise measurement and evaluation recommend
its use.~  Note thet for the A-weighting network, sounds with frequencies below
about 500 Hz are substantially attenuated, or reduced, to simulate the reduced

sensitivity of the ear to such low frequencies. The terms noise level or sound level, used

interchangesbly throuchout this manual, will always assume thet the A-weighting network is

employed in community noise measurements so that we will always be working wit

A-weightad sound pressure levels. Figure 1-5 illustrates the range of typical noise levels for

femiliar sounds,
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Figure 1=4. Frequency Weighting Natworks for Seund Level Meters
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1.3.4  Sound in the Community

To begin our considerarion of sound in rhe community, we can identify

four fectures of ocutdoor noise which ere characteristic of uny environment:

®  The instantaneous noise level at a lecation is simply the noise levei
at any particuler moment in time. due to all sources of noise reaching
the observer. In our analogy to ripples on a pond, this level
corresponds to the height (or depth) of the wave at any location

in the pond at a given instunt.

o The backaround ambisnt noise level is the level of the ever-
present "rushing'' noise you can hear anytime cutdoors near a city when
there are no identifiable noise sources nearby. It is composed of
contributions from numercus unidenrifiable distant sources, This

leval correspends to the average of the low points of waves on the

pend.

o  The maximum noise levels from individual (usually identifiable)
intrusive sources in the vicinity of the observer correspond to the

peak of the waves near each hailstona.

e The average or aquivalent sound level represents the composite

enargy average level of the sound received from all sources at a
location ever @ specified period of time. Note thet this energy
equivalent level is not equel to a simple arithmatic average of sound
levels (see Glossary).. This level roughly corresponds to the avercge

height of all the waves passing a given point in our pond..

The use of these terms to describe the detailed charocter of community noise
is best illustrated by an example of just how outdoer noise varies from moment to
moment, A short time history of the noise levels in a typical residential area is
illustrated in Figure 1-4. Community noise levels generally fall in the range shown

in the figure. This 8«minute sample illustrates only @ small portion of the noise
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Figure' 1=6. Short Time History of Noise Levels in a Typical Residential Communifyé

environment which cevld be measured at @ point during @ normal day. For certain
periads, the noise environment is dominated by specific sources such as qireraft and
qutomobiles, and is eharacterizad by their maximum levels. At other times, it
consists of @ constant background of many indistinguishable sources and is best
characterized by the bockground ambient noise lavel. Over a long pericd of tima, such

as the entire doy, an average leval is the most appropriate measure. One average measure,

day~night sound level (L dn)' has been shawn to correspond wall with

community reaetion to the noise envirenment .7 The day~night sound leval

represents the energy~average lavel for @ 24=hour period witha 10 dB inerease in
level applied to the nighttime hours of 10:00 p.m. to 7:00 a.m. This 10 dB penalty
is added to account for the increased sensitivity of people to intrusive neise while
they are sleeping or engaged in leisure activities within their heme environment. A
is given in the Glossary. Figure 1-7 illustrates the
Measured values of L dn’

mere technies! definition of Ldn

approximate range of L dnls found in various outdeor locations.

. represontative of various portions of the eity, will be the principal result of the .

community noise survey,
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Section 1.4 Noize Semzling

in order to determine welues for Ldn or any of the other noise metrics
described in Section 1.3 to represent a populous and geograpnically varied community,
samples of noise levels must be taken ot many discrete locations and during several
time periods. If these samples are chosen in the proper fashion, the degree to which
levels resulting from averages taken over the selected sample represent the “true"
values can be determined aceerding to established sempling theory . Proper sampling
construction thus provides the basis for carrying out a stetistical analysis of the
results,

Qur analogy relating community noise to waves in a pond illustrates the
spatial and temporal variations with which a proper noise sampling methed must
contend. It is evident that all methods, short of measuring each peint in the
coﬁmunify at all times, will only yield approximations to the "true® value. A method

is presented in this manual which balances these statistieal considerations of aceuraey

_with the practical constraints of time, budget, and flexibility which characterize mest

agencies for which this survey is designed. ] )

In brief, the sampling procedure has the following characteristics:

1. Division of the community into bread, reedily-definable survey areas.

2. Division of the community into noise 2ones. Ezch noise zone is expected
to consist of regions which have similar noise characteristics, and may be
defined in more than one survey area.

3. Random selection of measurement sites in each noise zone. A sufficient
numbar of measurement sites must be selected fur ench zone to correctly
characterize its noise climate .,

4, Identification of proper times to measure. During the survey, samples of
noise level will be made during normal daytime working heurs, and

during late night hours.
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Measuremenr of the insientenecus noize level at 13-second intervels

n
.

for ¢ 20-minute period, This rate of :ampling has Seen found to
cdequately portroy actual temporal noise level varictions and to give
proper averages for typical community environments. Recommendations

for edditional mecsurements over o 24=hour period are also specified in

Appendix A,

Section 1.5 How to Use the Mznual

Application of the manue! consists of following the straightforward procedures

outlined by the chapters in the manual:

CHAPTER 2 SELECTION OF MONITORING PROGRAM

This involves selection of specific survey elements to address the

city's particuler monitering objectives within resource limitations.

CHAPFTER 3  NOISE MONI‘TORING PROCED URES

This secticn describes noise measurement sampling, selection of

measurement lacations, and application of megsurement techniques.

CHAPTER 4  DATA REDUCTION AND PRESENTATION

Included are ways to reduce and display the measurament date to

indicate the noise climate.and, to some extent, noise problems.

Each of these chapters contains an introduction which summarizes the chapter
procedures and provides instryctions for their application. To use the manual, it is
recommended that the user first read the infroduction to each chapter and study the
reloted diagram of activities. Then proceed through each chapter, using the
introduction as a guide for following the step=by-step procedures of the subsections. -
All neeessary generalized data and worksheets are included in the menual, and potential

sources of necessary specific municipal data are suggested, A list of terms which have
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been given specific meanings for use in the manual is presenied in Tedle -1, Recome
famniliar with these terms. Definitions for standerd teshniczl terminolesy can be found
in the Glessary, Certain perticns of the manual become gquite complex, end for smooth
execution of a noise survey program it is imperative that the project director read and

understend the entire manval before beginning actuel plenning, personnel ocquisition,

or fleld activities.

. e ————
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Table 1-1

List of Terms

The following tetms and associated definitians qre wvsed in this manual:

Survey Cless

Extra Survey Features

Survey Area

Noise Zone

all

d——

)
Maasuremant Site

Microshone Location

Roadway

Highway X

o

One of two degrees of resource commitment which yield
correspending degrees of noise assessment aceuracy
{Class | = lower commitment and aceuroey; Clas [ -

higher commitment and accuracy).

Components of a survey which may be added to either
one of the survey classes to obtain additienal meqsures

of the noise environment.

A lorge subdivision of a city charocterized by the
unique geography, topography, er athar obvious
distinguishing features.

All areos in the community hoving o particular kind of
noise environment, For instance, regions near wall=
trovaled railroad tracks are included in the railread

noise zona,

The squore area bounded by grid lines which divide the
community in .32 kilometer {0.2 mi) intervals for

measurement sampling purposes.,
Canter of any call salected to be measured.

Exnet potition of the measuring mizrophene ralative 1o
neorby buildings, streats, efc.

An arterial road.  For purposes of this manual, roadways
with an average doily freffie count of 6,000 to 36,000
vahiclas par doy are defined o3 "minar” rcadways,
"Major" readwoys are defined as having an average
daily traffic count of more than 34,000,

A high=speed, limited access read suchas a frécwuy,
throughway, or parkway,

1-17
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CHAPTIR 2
SELECTION OF MONITCRING PROGRAM

Section 2.1 Inrroducricn7

In this chapter, procedures are given to'select the type of noise monitering
program that will meet the city's monitoring objectives, taking into account
cost and resource considerations, First, basie geals.and objectives cre
established. Based on these, a fundomenial choice of the type of survey to be used
is made, Finally, the survey method is refined cnd finalized based on the objectives

dnd available program rescurces. The entire process is diagrammed in Figure 2-1,

The basic types of survey considered in this process are described in

Figure 2-2. As stated in Chaptrer 1, the menual's intended purpese is to provide

instructions for performance of ¢ thorough survey of community noise levels in all

regions of @ city. Henee, it is the procedures for @ Class | or Cless 1] survey, as
daseribed in Figure 2=2, that are given ‘in_detﬁil in the manual text, The second

twe types of survey described in the figure are limited proceduras for assessing o
specific individual noise soures within @ community, and only generalized instructiens
for these methads, locuted in Appendix B, are provided. Although thase methods may .
za applied by a city in a special case program to detarmine noise levels of spacific
sources, normal application of the manuol will be for @ complete community noise ;
survey, This activity begins with selection of a Class I or Class II basic survay-- -
each of which provides basic community noise information, but to differing axtent |
and doagrees of accuracy. The Class II survey yields more extensive ond accurate results
than the Class ] survey due to survey tachnique additicns. Whichever basic survey

is chosen, certain extra features can be added to enhance or increase the resulting
Information, These features are initiclly selected from ¢ schedule based on spacific

objectives of the monitering program, and final selection considers the aveilable

program resources.

2-1 : S
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MONTTCRING PROGRAM SELECTION PROCEDURE

ldentify Monitoring Progrem Objectives (Section 2,2)

L]
|

STEP 1 Estoblish ¢ Municipal Program Advocate
STEP 2  Ascermin Municipal Needs
STEP 3 Summerize Centact Informeticon
STEP 4 Select Program Objectives

e  Select Preliminary Survey Method (Section 2,3)
STEP 1 Identify Relevant Survey Class and Features
STEP 2 Select Preliminary Survey Mathod
STEP 3 Tabulate Preliminary Cost Requirement

o Finalize Survey Method {Section 2.4)
STEP 1 Determine Availcble Resources

=" | STEP2 Compara Cests
STEP 3 . Finalize Survey Method
STEP 4 Consider 24-Hour Measurements
Figure 2-=1 Diogrem of the Noise Monitoring Program

Selection Procedures Presented in Chapter 2




- R AU LDJD

Class I Community Naise Survey: A low cost survey which

covers the entire city ond provides adequate results for general

community slanning, Fuil procedures are given in main text,

Class II Community Noise Survey: An extensive survey

which covers the entire city and provides results sufficiently
gccurate to support specific community-wide programs such
as developing noisa emission regulations or ordinances,

Full procedures are given in the main text,

Stationory Source Survey: A limited noise survey used to

establish lecal noise levels around o specific stationary
noise source such es a powerplant, roce track, factory, ete.

Guidelines for this survey are given in Appendix B.

Distributed Source Survey: A limited noise survey used to

establish noise levels of particular types of noise sources in
use throughout the community such as trucks, lawnmowers,
air conditioners, etc. Guidslines for this survey are given

in Appendix 8.

Figure 2-2. Types of Community Noise Surveys Considered in this Manual
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Section 2.2 Identify Monitering Program Objectives

STEP | = Enlistment of @ Municinal Program Adveoccte

It will be advantageous for the pregram to have g principal supporter within
the municipal govemment. A foermal working affiliation with the mayor or another
city executive is recommended. This progrom advocate could provide valuable assis-

tance in Initial program development,

STEP 2 ~ Ascertain Municical Neeads

Determine the specific needs within the city and ifs ogencies for o noise measure=
ment or noise control program. Indications of specific requirements or desires of various
municipal agencies may be collected by the staif of the program advecate or o
member of the noise survey team assigned to his office for this purpese. Four prinei-
pnlvagencics should be interviewed in detail: the Mayor's office, City Manager's
office, Health and Safety Department, and Environmental Department to identify
both existing noise information and passible yses of new noise menitering information.
When conducting such interviews, it should be made clear that the need for a com=
munity noise control program is being investigated, end that all relevant opinions
or complaint histories available from the agency are desired. A form such as
shown in Figure 2=3 should be wsed to arganize the respense. Informetien of value
in planning @ noise mecsurement program is also often available from other city
agencies or citizens groups such as airpert, planning, health and education depart=
ments, local newspepers and environmental or anti=noise citizens groups. Centact
with all agencies should be carefully conducted in a manner which emphasizas
this co=oparative approach in defining the city's noise control needs. Similarly,
any public or citizens groups that may become aware of the impending program
sheuld understand that the program will be developed to investigate all signifi=

cant noise sources within the city,




Agency Interviewer
Representative ‘ Date
Telephone

1.

3.

4.

5.

Noise Survey Uses = Inierview Form

What is the frequency and nature of noise=related complaints you receive ?

Of what current noise-relcted problems cre you aware ?

Of what spacific problematical noise sources are you aware ?

What are your concerns regarding the occurrence of future neise-related problems
based on expected growth end development ?

Do you thirk that is causing or may cause a noise preblem ?
(Blank can be any seurce suspected by interviewer,)

What information concerning the presant or future noise environment would
you like to have ?

OFf what reports or documents ralevant to the naise issue are you aware ?

= AWE RBEANY S S vl il

Figure 23, Example Interview .Form for Identifying Noise Survey Uses

2aR
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2.2 ldentify Menirering Program Objectives, Stan 2 {Continued

It may often be best to provide reassurance thet indeed the opinion of all those con=

tacted will be taken into occcount in developing municipal needs end program goals.

STEP 3 = Summarize Conract Information

Summarize all the accumulated information to determine:

e Types of noise complaints or problems;

o  Locations or areas of frequent complaints;

»  Time-of=day of frequent complaints;

e  Specific noise sourcas recognized as significent contributers to the
eommunity noise environment;

e  Expressed needs or desires for community noise information.

STEP 4 = Select Program QObjectivas

Considering the specific imporrcm.r noise sources and desired noise information
identifiad in Step 3, select those noise monitoring program objectives from Table 2«1
that ropresent the principal needs and desires of the municipality. Only these parti-
cular objectivas that strengly align with the city or public's needs should ba selected,
Some judgament may ba necessary hers in selecting or rajecting listed objectives which
were less extensively indicated. A caraful interpretation of the city's needs will be

required.

Section 2.3 Select Preliminary Survey Program

STEP 1 = ]dentify Relevent Survey Class and Features

a. Review Schedule 2=A (located on page 2«20 at the end of this chaprer) to
become familior with the noise survey classes and extra survey fectures

which were briefly deseribed in the chopter introduetion.

b. Now review Table 2-2 and locate each menitoring program objective which

was previcusly selected from Table 2=1. Using the table, identify the survey

-

2-4

A1 W
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Monitering Progrem Chjectives

10.
.

12.

13,

Assess the general community noise climate and establish beseline noise
levels for comperison with future siudies.

Perform a repeat messurement to derernine mrends or determine effectives
ness of previcus noise conrral efforts.

Compare the general noise environments of various areas within the city,
or determine areas of greatest impact.

Guide the planning of and use and traffic control .

Compare the overall noise climate of the city with those of other cities,
Relate levels of envircnmental noise to public attitudes toward noise, or
resul ts of a noise attituding| survey,

Provide a basis for a noise ordinonce, area noise limits, ond enforcement
efforts,

Provide a basis for appeal from theoretically developed restrictions,
Provide information in ccccrdance.wErh any state=impesed municipal noise
plen requirements. '

Determine wheather noise levels identified by EPA or required for HUD or
FHWA funding are currently met. .

Identify the principal noise sources responsible for the genersi noise
environment.

Provide a basis for develeping a cost effective community noise reduction
strategy which mightinclude varicus measures such as educational programs,
noise ordinance, construction requirements, etc.

Determine the extent of influence of a limited number of previously identi=
fied specific individual noise sources or types of noise sources which are the
enly principal noise concern of the cemmunity. Determine also the poten=
tial for reduction of noise frem these sowees through reguiction.

2«7




SURVEY CLASS AND EXTRA FEATURES REQUIRED TO SATISFY PROGRAM OBJECTIVES

[ Survey Class
{Sce Schedulo 2-4 . Extra Survey Fealures
Manllorlng Program for Desoriptions) {Seo Schedule 2-A for Descripifons)
ObJectives
{To bu selected from Toble 2-1) Class ] { Class 11 | A B C D E F G|H
l. Assass Goneral Noise Climate R - o1 o 0 ] 0 - -1 -
2, Perform Repaat Measvroment ft - 0 0 0 0 0 - - -
3. Compara Varlous Arens R - 0 0 0 0 0 - - -
4. Generally Gulde Planning R - 0 0 0 R 0 - -] -
5, Compare Cliles R - 0 0 0 0 0 - -1-
6. Rolale Noisa to Attliudaes R - 0 R It R 0 o -1 -
7. Pravide Nolse Ordinance Basls - it 0%} - -* o* 0 0 o*f -
8. Provido Appsal fram . ' - it o* | v - o 0 0 o*| ~
Thacratical Resirlcticns
#. Obtain Noiso~-Element Information - R el B ~* R* R R -*10
10, Chack EPA, or FHWA Lavels - R -* ] R SR B I - -+ -
11, Mdantify Princlpal Noko Sourcas R- - - - - R 0 0 - -
12. Provide Nolse Reduction Stralegy - & -] - -t R* 0 R o«] o
Basls
13, Investigale Identified Specific This objectivo does not require a complelu community nolse survey,
Sourcos ‘ Ses other pracedures glven in Appendix B.
Legend: Ry Nomally required to maet abjeciive,
0:. Consider as an optlonal survay enhancement.
. Automatcally provided by computerized data reduction for Class 1 Survey =

e PR TERNERY AW e eyt ad b
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2.3 Select Prelimingrv Survey Pragram, Sreo 1 (Continued)

class required to achieve all of these objectives. If this is a Class I survey,
also identify all required extra survey features. If @ Cless II survey is re=
quired, most extra features will be cutomatically implemented by cemputer=

ized data reduction pmocedure (available through EPA).

STEP2 - Select Preliminary Survey Program

a. Recerd the necessary survey class and raquired extra features, os deter—

mined from Table 2-2, in Column 1 of Table 2=3.

Example 2=1 Selection of Preliminary Survey Program

Suppose it is desired to meet objectives 3, 4, 7, and 11 s given in Table
2=1, This is a typical set of objectives which will allow the city to identify noisy
areas or principal neise sources, and justify noiss control ordinances regarding them,
Table 2=2 indicates that cbjectives numbered 3, 4, and 1] can be met with a Class |
survey, but that the more accuyrcte and complex Class IT survey is necessary to meet
objective number 7, Thus, in order to Rlfill all of the chesen objectives, a Cless
II survey will be required, Table 2-2 aiso indicates that for objectives numbered
4, 7, end 11, extro survey feature D is normally required, Thus, to address all of
the chesen objectives, g program consisting of a Class II survey plus extra fagture
D sheuld bo preliminarily selected and recorded in the first column of Toble 2-3.

As indicated abave in Step 1, the Class Il survey automatically includes extra

feature D and the computerized data reduction procedure may be used.

b. If extra feature E, Survey of Additienal Noise Zones, or feature F,
Survey of Stationary Noise Sources or Regions, is required, estimate the

number of additicna! noise zanes to be included.

Noise zones are gecgraphica! regions inte which the survey region will
bo divided as a basis for noisé meusurement-and analysis. The boundaries
of each diffarant type of noise zone to be considered will be identified

29
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elact Preliminary Survey Pregram, Sren 2 (Cznrinued)

precisely sy procedures given in Chapter 3 which ¢re besed en land use
or predeminent activities that are ex?ecfed to produce distinctive environ=
mental noise characteristics within the zone, The types of noise zone
that are explicitly considered in the manual are indicated in Table 2-4.
The five zones, which inciude residenticl, highway, major roadway A and
8, and minor readway, are cutomatically incorporated inte both the

Class | and Class 1 basic survey procedures. The other zones listed in
the table increase the detail of the survey and weuld be included es

extra survey feature E or F, As will be discussed in Section 3.2, turther
breakdown of the community into detailed noise zeones can be dene to
accommodete specific local conditions or community needs, For instance,
it will frequently be desirable to divide the residential noise zone into
new and old residential areas, or eceording to high and low population
density. Alternatively, it may be desired to separate a residential area
of special interest (i.e,, subject to increcsed development or increasad
traffic due to development elsewhere, etc.), or to examine independent
commercial and industrial zones if they would be ressonably large and
distinet. Survey procedures are then applied indepandently to each

noise zone, regardiess of whether it is one of the zones listed in Table

2=4 or one created to addrass specific local needs.

To estimate the number of additional noise zones which will be included
under extra survey feature £, use the foliowing procsduras. The exact
final selection of noise zones will be made in Chapter 3 when noise zene
beundaries are determined. If the city contains a fairly dense central
business district surrounded by comsiderably less dense residential arases,
plan on establishing two residential noise zones. Ifa Class I survey

is nocessary, and if the less dense residential regions can be legically
separated into zenes of significontly differing characteristics, 1.e.,
different density, age, income, ete,, then plan an additional residential
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Select Preliminary Survey Prozram, Sten 2-{Continued)

noise zone fer ecch distinctive type of regien, up o o maximum of four,
For a Cless Il survey in a eity that conteins mulii=iane high traffic volume
arterial roads which feed the central arees, assume that there will be two
separate miner readway noise zones, [f the city contains industrial or
commercial arecs (as most certainly will) then assume a commercial/
industrial noise zone will be used to represent these arecs, When per~
forming a Class Il survey, if the industrial and commercial land uses are
quite different in character, and if each represents a large enough area
to be of individual interest to the city, then plon to have separdate
commercial and industrial noise zones. If the city contains a small
general aviation airport, assume an airport noise zcne type B (low ncise

levels) will be present, If the city contains or is adjacent to a cecmmercial

jetport, assume that both cirpart noise zones type A and B will be established.

If railrocds of eny sort pass through the arga, plan on having one railroad
noise zene. For the use of sr-aﬁcnary source noise zenes based on local
needs and conditions sea Schedule 2«A locatad at the end of this
chapter. Then determine whather such zones would be necessary to

provide the desired assessement of noise in the community.

2=11




Table 2-3

Neolse Monitoring Pregram Cost Estimate Form

1
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Survay $ $ . H §
Clon * —— 4 ‘
$ +3 3 14 &/ S, $ § 5 R
Exiia H H S $ I
Fentura I x
$ [ +$ +5 : § $ H 1 Is |
Entra $ $ $ } I J
Feature i K +
$ 13 $ i -8 u g ’s H 3 i N
Extra ] H $ H '
Faatue - n "
$ ls i$ 13 . 3 Is hy ' : sy
Extro 5 4 5 } » .
Fanive §
) ] +$ ‘5 H | “3 H § $ T
Extia $- it $ i
Faature X ' -
4 + ' 3 -
$ $ |S ls L 1 s 13 s 4 S JU
Note: Insirument requirements, manpower requirements, and other assoclaled costs for toral Nolta Montrort
iven In Schedule 2-A and | 1ol Nl Honltorng
Class { and Il basic surveys and extra survey features are given in Schedu Progrom Cast e
2-B bepiining on page 2-20 at the end of this chapter,

* Class 1 and Il cost estimates from Schedule 2~ are for the five zones incliuded in Class |
ond Class I surveys. Costs for extra features apply for one zone only.
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Tabie 2-4

Types of Naise Zones Considerad in This Manual

Noise Zones Included in Basic Class | or Class [ Survey:

o  Residential Noise Zone

*  Highway Noise Zone

*  Major Rocdway Noise Zone Type A
. Major Roadway Noise Zone Type B

»  Minor Readway Noijse Zone

Noise Zones Suitable for Additien under Extre Survey Fegtures E or &

¢  Sub~division of Residential Naise Zone
Residential Low Density
Residential Medium Density
Residential High Density
Residential Very High Density
Other Residential = based on other distinction of interest
e Sub=divisien of Minor Roadway Noise Zene
Miner Roadway Low Yolume .
Miner Roadwey High Voluma
o Commarcial/Industrial Noise Zene (Or Commercial Noise Zone and

Industrial Noise Zone)

¢  Airport Noise Zone Type A

*  Airpert Noise Zone Type B

A ¢ Railrcad Noise Zone

| s  Stetionary Source Noise Zone

| 2113
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2.3 Select Preliminary Survey Zracrem, Sieo 2 (Coniinued)

Count the number of noise zones that appecr necessory in addition to those

normolly inciuded in the survey. Practiczl considerctions make it increasingly

difficult to implement @ survey wnen the total number of noise zones exceeds

ten, but extra zones can nermally be accommodeted up to @ maximum of about

15 for a Class Il survey, It would usually not be desirable to exceed six or

sight for the limited Class I effort,

STEP 3 Tabulate Preliminary Cost Reauirement

Continue to complere Table 2-3, odding costs and man=heur requirements

obtained for the basic survey and extra features from Schedule 2-8

at the end of this chapter, This schedule provides estimates of the minimum labor

and material required for survey implementation.

For columns 2 through 5, obfain ond recerd an estirate for the number of

hours required far each task of the basie survay or extra feature from
Schedule 2-8. Now multiply this time by the average burdened laber

rate (ALR) you expect will apply for the typa of werk in each column,
The product of these two values should be entered os the total item cost,
For a Class II survey, the costs for extra features A, 8, C, D and G will
be included in the basic survoy cast data from Schedule 2=8, and ne
ssparate caleulations for these features need be made.

For the basie survey and soch extra feature (each row), add the ‘preducts
from columns 2 through 5 as indicated on the table, and enter the sum in
eolumn 6.

For each extra feature, enter the total number of noise zones that may be
ineluded in the entire survay. This number should include the five noise
zones which are nermally part of the basic survey plus any new zones added

by extra fectures Eor F and counted in Step 2. Enter the total number of

noise zones in column 7 of each extra feature and mulitiply as shown by the

2-14
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Select Preliminary Survey Progrem, Srep 3 (Continued)
value in column & to determine g sub-rotal cost te be recorded in
column 8.

d. Determine the cpproximate instrumentation and other costs for columns 9,

10, ond 11 from Schedule 2-8 and record these for the besic survey ond
sach exira fegture. ‘
Add the cost values from columns 8 through-11 and record them in column

12.

2,

f. MNow add, in a vertical direction, all of the values in column 12 to

arrive at the preliminery program cost estimate,

Exampie 2«2 Preliminery Cost Tabulation

This is ¢ continuation of Example 2«1 based on filling out Teble 2-3, and
is illustrated in Figura 2-3. Assume an ALR of $10/heur. . Using Schadule 2-8,
the per zone fotal will be: (1860 x 10) + (288 x 10) + (72 x 10) + (168 x 10) =
6880, which is the labar cost for deing a Class Il survey with five zones. Assum=—
ing instrumentation is supplied ot no charge, and (per Schedule 2~B report prepara=~
tion costs are $500, the total segment cost is $7380. Add to this axtraa featurs D -
which is $400 per zone for data reduction labor or $2000 (for five zones) and the

total monitor progrem cost becomes $9380,

7-18 '
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Section 2.4 Finaiize Survey Program

In this section, o sequence of steps is given to develop a final noise survey

program based on ¢ simple cost versus objectives trade-off method.

STEP 1 = Determine Avecileble Resources

Determine the resources, in terms of equipment, manpower, anhd meney, that
are available for conducting the monitoring program. A list of specific potential scureas
is given in Table 2-5, The local govemnment should be aware that there may be resources
in terms of federal assistance or public involvement availcble which could substantially
reduce the projected program cost to the city, Determine the extent of federal {and
state) interactien in local progrems and policies. Goavemment financicl assistance to
alleviate or prevent noise problems has taken the form of specific grants or leans assign-
ed to programs for low noise impeet planning and reduction of existing noise levels.
Criteria for eligibility to access funds for several government—ussisted programs require
that certain low noise impact standards be met, These programs cre administered pri=
marily through the Department of Housing end Urban Development (HUD) and the Federal
Highv\'fé; Administration (FHWA), Meny unigue low=cest manpower resources can also
be effectively toppad. For instunce, volunteer high school students hove been
successfully used 1o accomplish noise measurements, federully_ funded senior citizen

employment grograms can moke manpower availeble at low cost, and local universities

-or affiliated ressarch organizations may be able to provide computar gssistance for

data reduction. .
STEP 2 = Compare Costs

Compars the cost and monpower requiremlants of the preliminary survey program
with the resources availoble. First, using the completed Table 2~3, subtract any
available volunteer manhours from those required for the program phase in which the

volunteers would participate, and re=calculate the amocicted labor cast, In a similar

T—= - way, account for reductions in labor rate that resuit from oppertunitias identified in
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Teble 2~3

Some Noise Moniforing Program Resources

~ Municipal Funds
-~ Municipel Employees
= County or Regional Finencial er Manpower Assistance (i.e., Plenning Agency)
- Citizen Veolunteers
s Citizens Groups
o High School or College Students
- University Cooperation
o Students work and cbhiin acedemic credit
e Loan of measurement equipment
s Provide acoustical expertise

¢ Perform date reduction

s Provide assistonce through University affilicted research institutes

- Federal and State finangial asistancs
a American Association of Retirad People
o “omprehensive Education and Training Act
s Senior Community Service Employment Program
e Other progrom or envinmental assistance

= Federal Envirenmental Protection Agency Regional Office ~ various types of
assistance through:

o Quiet Communities Program (QCP)
e Eoch Community Helpt Others Program (ECHO)
e Eguipment Loan Progrom
e Program tools and decuments
= Local Chapter of Acoustical Sceiety of America = various type of assistence

= Local Chapter, Otolaryngologieal Sociaty of America = varicus types of
assistence :

=17
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LA Finalize Survev Proaram, Steo 2 (Centinued)

Step 1, Also sublract the costs of any required equipment availatle on loan or other=

wise without cost. ‘When the costs of this availeble equipment and manpower cre

subtracted from the total estimated cost of the preliminary survey program, the result

should approximaie the available funds. If not, the survey scope should be modified.

STEP 3 - Finalize Survey Program

Qe

If Requirements Exceed Resources = If the availeble funds and resources

do not meet the requirements of the preliminary survey, and additional

resources cannot be identified, then some survey activities will need to

be deleted. This can be cppreached in two ways.

Cost Method = Scan Teble 2-3 to defermine the most expensive
extra features, and simply begin eliminating these until the

budget is met.

Objectives Method = A more comprohensive appreach is to
rank the program objectives selected from Teble 2-2 in order of

importance to the ¢ity and program. Then, by progressivaly
eliminating the least important objectives, the nermally required
oxira survey features which were indicated in Table 2-2 for
achievement of thess cbjectives and which were not recommendad
fm; any choasen objectives of higher importanca, could be removed
from the program. This process can lead to a reduction of program
class from Class II to Class I if the objectives requiring a Class I

program are of low importance and can be eliminated,

The user may apply @ combination of these approaches to meet

his needs, choesing to eliminai objectives of low impertence for
which extra features of high cost are indicoted. Regerdless of the
approach, the resulting resources must adequately satisfy the
requirements for at least @ Class I basie survey if a community-

wide measurement program is to bo undertaken,
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2.4 Finglize Survev Procram, Sten 3 (Continued)

b. If Resources Exceod Preliminery Requirements = In the event that the

available manpower and fiscel resources exceed the estimated pre-
liminary requirements, consider supplementing the program with
additional extra survey features. To select these additional fegtures,
review Table 2-2 to identify those extra survey features that are
associated with each program objective and that may be considered
for survey enhancement. Reviaw the details of these optional fectures
@t given in Schedule 2-A to select additional features which would
add new infoermation or support to those objectives of highest
impertance. Then add these extra features, their required manpower,
and costs to Table 2-3 to determine the increased total survey require=
ments. These con again be compared with resources to determine

whether further optional feqtures may be added.

STEP 4 = Consider 24=Hoyur Measursments

The application of autematic 24-heur measurement equipment can be con-
siderad as an activily supplemental to the basic survey process. 1t will not provide
extensive new information, and hence was not listed as @ regular survey option. How=
aver, 24=hour data can considerably enhance confidence in survey results by providing
an indapendent noise level check, as well as camplete descriptions of hourly noise
level Fluctuations. Continucus megsurements are also the best methad for obaining
noise level information for use in conjunction with attitudinal data from the companion
QCP attitudingl assessment program.  The use of 24=hour measuraments is described in
Appendix A, along with related cost considerations. At this point, read Appendix A
to determine if automatic measurements would be desirable ond feasible for your
program. If so, use the ceost discussion provided to include these measurements in the

previous asessment of fotal program resource requirements.
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SCHEDULE 2-4

A LISTING CF CLASSES OF NCISE SURVEY AND
EXTRA SURVEY FEATURES FOR USE IN THIS MANUAL

SURVEYS

Class I = Community Noite Survey = This is the fundamental community noise survey upon

which this menual is based, It provides a general cemmunity noise climate descripticn
and can be ingrecsed in scope througn the addition of the exira features described later

in this schedule.

Activity: Partitioning of the city into noise zones; selection of measurement sites;
noise measurements ~ one 20-minute doytime meagsurement during the
week at each site plus nighttime mecsurements at a pcrﬁot-u of these
sites, all made using simple sound level meter equipment, Data re=

duction is by hand or computer tabulation.

Results: Ldn' +6dB, for flve noise zones = highway, major readway A,

majer roadway B, minor roodway, residential.

Interpretation: The Ldn values give ¢ general indication of the noise environ-

ment quality and potential public ennoyance.

Regquirements: The basic data can be obtained using the sound level meter techni=
ques given in the manual, or with a noise level distribution analyzer,
community noise analyzer, or an energy averaging LE‘I meter. See

Schedule 2=8 for menpower and materials cost estimates.

Class Il -~ Community Noise Survey = Similar to the Class | survey, but employing addi=

tional techniques to obtain more extensive information and more accurate numerical resuits.

Activity: Similar to Class [ except = number of measurement sites is increased;
computerized data reduction (availeble separately) outomati=
cally performs extra survey features A, 8, C, D, and G; normally,

more exira fegtures will be included; measurements also mode on weekends.,

" 95 parcent confidence limits
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Results;

Interpretation:

Regquirements:

Extra Feature A.

Caleulation of l.90

Activity:

R L e ——

FENat

Results:

Interpretation:

Requirements:

Schedule 2-A {Continued)

. im . ~ .
Ldn’ 4 dB, fer the five noise zones,
The numerical results are eppropriate for ordinance, cempliance,
or enforcement purposes, are cften most useful if determined for
several independent zenes using exira feature £, end provide ex~

tensive individual source dara using feature D.

Measurement equipment may be the same as for the Class I survey
unless extra features are chosen which restrict the equipment type
to manually cperated. See "Extra Fearures" below in this schedule,

See Schedule 2«3 for manpower end materials cost estimates.

EXTRA SURVEY FEATURES

Additional data reduction to determine L?0 from standard survey
data., Provided automatically if cemputerized dota reduction for

Class II survey is used.

L90 value for any noise zone and time period surveyed; aceuracy

approximately that of the general survey class L dn®

L90 is often considered o gead indication of the "ambient, " "bagk=
ground, " or "residual* quality of community noise, indicating

lower bounds of typical cemmunity noise levels,

Adequate data for this feature can be obtained using the sound

lavel meter technique or a distribution analyzer, but cannot be

obtained with a simple "Leq meter, "

* o5 percent confidence limits

221
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Tiira Fecture 3

Calculation of LI

Activity:

Results:

Interpretatien:

Requirements;

Extra Featura C

Cemparisen of L1

with L.
n

Schedule 2-A (Continued)

Additional doto reduction to determine L] from the standard

survey data. Provided automatically if computerized data reduction

for Class [l survey is used,

L value for any noise zone and time peried surveyed; accuracy

approximately equal to that of general survey class by
LI is an indication of the highest community noise levels achieved,

Adequate data for this feature can be obtained using the sound

level meter technique, or a distribution anclyzer, but cannot be

obtained with « simple "Leq meter."

d

Activity:

Results:

Interpretation:

Reguirements:

Additional comparative enalysisonce L, and L, have been deter-
mined, Provided autematically if computarized data reduction for
Clazs II survey is used.

Difference in dB betwesn l...I and L, for any noise zone or time
period surveyed,

The exceedence of L, above bdn is an indication of the "peakedness”
or unevenness of the noise level. The greater the difference, the
less constant the environmental noise lavel, and the greater the
incidence of Intrusive high levels, This quality is related to ennoy=-

ence and acseptability of the noise environment.

Same instrumentaticn restrictions as for "AY or "B —

R

2-22
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Extrz Feorure D

Schedule 2-a (Continued)

Determination of Commen Noise Sources

Activity:

Results:

Interpretation:

Requiremenis:

. Extra Feature E

When survey data obtained using the SLM, records of individual
intrusive sources that are recognizable are made. These data ore
later reduced to graphical display form, and can be extensively
applied in a subsequent noise level reduction strategy decument
available from EPA. This feature is automatically included in

the Class II survey.

Pictorial indication of the numbers and propertions of loud infrusive
noise sources in noise level intervais for any noise zone or time
periods monitored.

Useful for assessment of most impertent noise sources, and selection
of sourees for regulation,

Date required for this festure cannot be obtained using the distri=

buticn onalyzer or L__ meter, and the menual. sound level meter

procedures given in the text should be used. No exira dato taking

time or personnel,

Survey of Additicnal Noise Zenes

Activity:

Further division of the survey araa to establish additional ncise

zones according to actual land use, land use zoning, population
density, or other characteristics of interest to the community. Norm=
ally, the noise zones added should be confined to the following:
sub=divisien of residential or minor roadway, and railroad, airport,
and commercial and/or industrial as indicated in Table 2«4 and

described in the text of Chapter 3. -

2-23
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Rezults;

Interpretation:

Requirements:

Extra Fegture F

Schedule 2-A {Conrinued)

Any results from the beosic wurvey and exira feafures may be determined

for each of these new noise rones.

This information aliows comparison of noise characteristics of noise
zones with differing lond use (i.e., residential versus commercial/
industrial ), This feature should be used where such comparizen is
desired, or whenever complaint histories or other data indicate that
various zones of the city have noise qualities so different thet a
single average measure over the entire area wouid not adequately

indicate the noise climate within the city,

Na instrument restrictions due to this feature alone. Site selection,
mecsurement, and analysis procedures already selected must be applied

to each new noise zene.

Survey of Statianary Noise Scurces or Regions

Activity:

Results:

Interpretation:

- Survey of arsos affected by large stationary noise source within the

city that may project @ noise influence over substantial residential or

other arsas. Apply special technigue (see Chapter 3) to define zone of

influence, then Class I or II survey and anclysis procedures to yield

the desired assessments.

Any results available from basic survey and extra feature tech=

niques appiied to the zone defined.

These procedures can reveal how lorge statienary noise sources
{pewerplants, factories, ete,) affect the levels of communily noise
in the community surrounding them, and may be applied where there
is a complaint history or other indic&tion of a stationary source noise

problem extending over an area of many blecks,

2«24
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Requiremenrs:

Exira Fecture G

Schedule 2=A (Continued)

Mo instrumenr resirictions due fo fhis feature aione.

Deatermination of Cumulative Siatistical Distribution

Activityy

Results:

Interpretation:

Requiremants:

Extra Footure H

Impact Evaluation

Activity:

Resuifs:

Interpretation:

Anglysis of survey data to determine a curve of qu Provided auto=~
matically if computerized data reduction for Class Il survey is

usad,

Chart showing noise |evel versus percent of time exceeded for any

noise zone.

The chart indicates any statistical values included in previous

survey features, such as L.I or L90’ end thus these need’nor be
calculated separately, It also indicates the frequency of occur=

rence of the higher noise levels for which regulation might be desirable.

Recemmended for use only with Class Il surveys.

Same instrumentation resirictions as fer "A" or "B.V

Collect detailed demographic datu for combinaticn with survey
data to calculate Level Waeighted Pepulation (LWP) an indieator of

noise impact for any noise zone surveyed. . __.___ .. _ ...

Numerical value of LWPin number of aquivalent pecple impacted

for any noise zone surveyed.

This indicator can provide an assessment of noise exposure in

addition to noise levels for any noise zene surveyed, Recommended

as an addition to Class II SUI‘VG;;!S only.

n._Ae




-y NFIVY AIWW D20

Reguiremenis:

Schedule 2=A (Coentinued)

No instrument restrictions. Mars ond populatien dara for census

tracts are necessary.

e ——




Schadule 2-0

Approximate Cost Elements for Use for Designing a Nolse Measuremont Program

COST ITEM
' Prep. & Data Daia Data Iisleu. & Other ke port
Progrom Elament Plannlng [ Acquisition Reduction Analysls | Equipment | Materdals Peep.
{seo Schedule 2- A for descrlplions) Houry Houra tHours Houwrs Cosls, & Cosly, Houws
H H
Class | Suevoy 160 288 72 148 o $500 BO
Extra Featuwre A - - 40 - - - -
Calculation of 190
Exita Fealura i . 4
Caiculation of I.l - = = - - =
Exita Fealura C - - - 4 - - -
Comparisan of I.I with l'dn
Exira Feature D
Common Nole Sources - - 40 40 - - =
Extia Featurn E 8 24 16 32 - - -
Exiro Maoise Zonos
Extra Featura F - - -
Siationory Souice Male Zopo 16 24 1 32
Extia Features G and H
Cumulative Distriburion/lmpac) Evoluailon Not Recommendad for Cluss I Survey
Claw If Survay 240 456 5 280 . 1500 | 160
{inctudes Exlia Features A,8,C, D & G)
Extia Feoture E 8 128 8 48 - - -
Extio Nolis Zanes .
Extia Featura F
Staltonary Sourca Nolsa Zona 16 128 8 18 - - =
Extia Feotura H ! -
limpac) Evaluation ' 8 64 16 = = -

* See Section 3.4.2 for Fleld Equipment Requirements and Section C3.3.3 of Appendix C for

Instrumentation Cost Data
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CHAFTER 3

NOISE MONITORING PRCCEDURES

Secticn 3.1 Intreductian

This chapter of the manual presents procedures for planning and accomplishing
the actuel noise measurements once the basic sutvey class end extra features have baen
selected using Chapter 2. Figure 31 illustrates these noise monitoring procedures.

In Section 3.2, details are presented for an initial partitioning of the city into distinct
nolse zones of expected individual noise characteristics, This is followed, in Sectien 3.3,
with methods for selecting the number and location of noise measurement sites within

these zones. Section 3.4 contains procedures for actual performance of the noise
measurement programs. Varieus sources for related information and assistance are

ineluded in thase sections where appropriate. To complete the measurement activities,
follow the step-by~step procedures of this chapter for the chesen survey class and extra
features,

It is cleor upon exemining Figure 3-1 that the measurement planning and
execution require considerchle coerdination of equipmant, material, facility, and
manpower resourcas. Suggestions to guide the handling of such management tasks are
offered in Section 3,5. Upen completion of measurement activities, the data will be

reduced using the methods of Chapter 4.

Saction 3.2 Estimate Noise Zone Boundaries

3.2.1 Introducticn

In this section, procedures are givan to divide the survey region into geographieal
areas called noise zones, which become the bosis for noise measurement and analysis. To
assist in selecting the noise zones to be utilized, the city will first be separatead into
several {(probably five to seven) geographical areas of internal similarity. The noise zene

boundaries will then be identified considering these areas ond land use or predominant
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Noise Monitaring Procedures

Estimate Noise Zone Boundaries (Section 3.2)

STEP 1 Obtain Survey Base Map

STEP 2 Obtain Base Data

STEP 3 Become Fomiliar with Survey Base Map

"STEP 4 Identify Characteristic Survey Areas and Plot Vacurt or Open Spaces
STEP 5 Estimate and Plot Airport Noise Zones

STEP & Estimate and Plot Railroad Noise Zones

STEP 7 Estimate and Plot Commercial/Industrial Noise Zo:\es

STEP 8 Estimate and Plot Roadway Noise Zones

STEF 9 Estimate and Plot Residential Noise Zones

STEP 10 Estimate und Plot Sfotionary Source Noise Zones
STEP 11 Check for Ageuracy and Correctness
STEP 12 Review Costs Based on Final Naise Zone Selection

Selact Moise Measurement Sites and Microphone locations (Section 3.3)

STEP 1 Overloy & Square Grid onto the Base Map

STEP 2  Identify Cell Centers

STEP 3 Overlay Linear Intervals Along Roads on the Base Map
STEP 4 Identify Road Interval Points

STEP 5 Determine Required Number of Noise Measurement Sites
STEP 6 Select Measurament Sites (Except Railreads)

STEP 7  Selaet Microphone Locations {Except Railrocds)

STEP 8 Soloct Sites for Night and Weekond Measutements

STEP ¢ Seleet Microphone Locations for Railroads

Perform Noise Meaasurements {Section J.4)

STEP 1 Establish Measurement Team
STEP 2 Prepare for Measuremants
STEP 2 Train Field Persannel
STEP 4 Hold Practice Measuremants |
STEP 5 Perform Measurements
STEP & Document all Procedures
Figure 3=1. Diagram of the Noise Measurement Procedures Presented

in Chapter 3
3-2
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3.2.1 Infreduction {Continued)

activities identified which are expected to produce distinctive environmental noise

characteristics within the zone. The noise zones that are considered in the manual

were indicated previously in Table 2-4.

The names of the noise zones listed in Table 2-4 reflect the type of activity
or land use around which the noise zone will be formed. For example, a railroad noise
zone will consist of a strip of land extending in width some distance to either side of o
reilroad track and following the route through the survey area, roughly indicating the
extent of the noise impact zone for the train noise. If there were three or four railroad
routes crossing the survey area, a railroad noise zone could be considered to exist
along each one of them, defining several strips of land influenced by railroad noise.
For our purpose, these several areas, whether or not they are physically connected,
will be considered collectively to be the single railroad noise zone for the survey area,
Similarly for the other zones, all areas which possess the qualities of @ particular zone
type will be considered together as a single zone. Thus, each noise zone will usual ly

consist of many small individval areas located throughout the survey region. Figure 3.2

illustrates this concept.

It is impartant to reclize that the noise zone boundaries which will be
developed according to the procedures in this chapter are approximate. Essentially,
they are estimates of noise influence areas made using procedures that have been
simplified for presentation in this manual, but which are considered adequate for
planning @ community-wide noise survey. The noise zones (with the exception of
airport noise zones) do net define specific neise level contours or regions with sufficient
accuracy to be used exclusively as a sharp geographical basis for community planning or
the expenditure of public funds for relief from noise on an extremely local scale. In
cases where accurate local delineations of equal noise contours are required, a noise
survey technique that is generally more complex than the one treated in this manval is

required and will ordinarily require the services of qualified acousticians.

3-3
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Commercial/Industrial Noise Zone

SRRPRRNNGYG Airport Noise Zone B

Miner Roudway Noise Zone

m Residential Noise Zone

Figure 3-2. Exomple Noise Zones Plotted on a Portion of a City Map

3=-4
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3.2.1 Introduetion (Continued)

The step~by-~step procedures given below provide specific instructions
concerning collection of requisite data on land use and activity characteristics, and
identification and plotting of zone boundaries on a project base map. A sequence of
examples utilizing the same partion of an example city is presented to guide the user
through some of the final steps. Follow these steps, and once the noise zones are

identified, apply the procedures of the subsequent sections to plan the actual noise .

measurements.

3.2.2  Procedures for Plotting Naise Zones

STEP 1- Obtain Survey Base Map

Obtain @ large seale map (or series of maps) of the city or study area including
all roads, roilroads and airports for use throughout the pf&jecf. Minimum recommended
scale is 1:24,000 or 1 inch to 2000 feet, and a larger scale should be used if available.
The map can be a hond-drawn type or a large aerial phetograph shewing the required
detail. Sucha map is normally availoble from the U.S. Geological Survey, Bureau of
the Census, or county or municipal planning and engineering departments, and will
subsequently be referred to as the project base map. The map scaie and true north
should always be identified graphically en this map.

STEP 2 - QObtain Base Data

Obtain the following existing data for use in estimating noise zone boundaries.,
ltems a, b, and ¢ will be required for all surveys. Items d and e below should be
accomplished only if applicable noise zones were selected in Section 2.4 of the
manual as part of extra survey feature E.

a. Roadway Traffic Data ~ Cbtain Average Daily Traffic (ADT) counts for
all arterials and limited access highways within the survey area, (ADT
is the average number of vehicles that passes a given point traveling in
either direction in 24 hours.} ADT counts are usually aveilable for all

types of roads from municipal transportation, highway, engineering or

3-5
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3.2.2 Proceﬂures for Plotting Noise Zones, Siep 2 (Continued)

planning offices. Often they are indicated on a read map with ADT
values given for points along major roadways. An example of such a
map is presented in Figure 3-3. In the event that municipal offices

cannot provide ADT for limited access highways, consult similar

county or state departments.

Lend Use and Population Data ~ Assemble data for existing land use within
the survey area, This will often take the form of maps of existing land use
normally available from municipal or eounty plonning and engineering
agencies. The existing land use in all portions of the survey area should
be described. NOTE: land use zoning maps may be used as @ guide, but

may differ from actual existing land use data due to undeveloped areas,

zoning changes, etc.

In addition, if the residential noise zone may be divided into two noise
zones based on population density, obtain population density maps from
the same planning or engineering agencies. These agencies may include

@ community analysis staff that has developed or mapped population density
values for various portions of the city in terms of number of peaple per
square mile, This type of information, in the proper form, is extremely
useful to the program and should be obtained in the most detailed form
availeble. If this is not avui[ublé, ancther type of population density

assessment that is commonly developed for plenning and analysis purposes

_ean be indirectly used. This is the number of housing units per acre,

normally avallable for specific neighborhoods and developments. By
applying to these data the approximate number of people per household
for the types of units in the various areas, estimates of population density
can be made. Municipal planning departments normally have good
estimates of average number of paople per household for various regions

er residence types within the city. Be sure when checking this data source

B
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3.2.2 Procedures for Plotting Noise Zones, Step 2 (Continued)

to determine whether the "per acre” figures actually represent total
;:lreu, or are based on net acreage — that occupied by housing and
neglecting vacant areas and streets._ The former is the desired value,
but net volues may be used if no other basis is available, As a final
approach to numerical population density data, the average density

for census tracts may be obtaingble. The U.S. Bureau of the Census
makes available Block Statistics Reports for numerous populated areas
across the country. . These reports indicate the population of census
tracts — small parcels of land used in census administration. If this
information is at hand, and if the land areas of the tracts are known,
then the average population density for each tract within the city may be
computed directly. The Bureau of the Census does not provide tract
land areas, however, and these would need to be obtained from the
appropriate municipal agencies, or be measured directly from census
tract maps. This is o time-consuming procedure, but would provide
date useful in the following steps. As o final approach to population
density information, check to see if the planning or engineering
department has prepared a qualitative density map, using designations
such as "low, " "medium, " or "high" density instead of numerical values

or ranges. If ovailable, this type of dotu can be applied in the following
steps.

Airport Influence Area Data = Obtain noise level contours for loeal
commercial, military, and general aviation airports which may have a
noise influence extending over the survey area. This can include airports
located near, but not actually within, the area. These contours should be
the most recent, and may include projections of future airport use if it is
desired to include that basis in the program. The contours may be in

terms of any of the four common methods listed below in order of preference

for describing the cumulative levels of noise exposure that resvit from

airport operations:
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3.2.2  Procedures for Plotting Nojse Zones, Step 2 (Continved)

® Day-Night Sound Level (L, )
¢ Noise Exposure Forecast (NEF)

s  Community Noise Equivalent Level (CNEL) - (used in California

only)
o Composite Naise Rating (CNR) ‘
A typical set of airport noise contaurs is shown in Figure 3-4.

Naoise contours will be available for any airport which has been required

by the Federal Government to prepare an Environmental Impact Statement
(EIS). Contours will not be available for some small general aviation
airports for which an EIS has not been required. These small airports

will have minimal noise influences and it will not be necessory to

obtain noise duta for them. Airport noise contours for civil airports

can usually be obtained from airport planning agencies, airport managers,
municipal planning departments, .or regional Federal Aviation Administration
(FAA) offices. Contours for military airports are normally evailable through
the office of the military base commander. |

Railroad Operations Data ~ For each principal individual reilroad route

in the survey region, obtain the average daily number of daytime and
nighttime operations. An operation should be considered a single passing:
of a train or engine, and the daytime and nighttime hours should be taken
as 7a.m. to 10 p.m, and 10 p.m. to 7 a.m,, re:spectively. It is important
to determine these values for each principal individual rail line passing
through the survey area or connecting separate points within it since
activity may differ appreciably between threugh-routes and local shuttle

or switching routes. If several closely spaced tracks run parallal to one
another for a distance, they should ail be considered portions of the same

route. Do not include railread yards themselves, as thesa should be

3=9
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3.2.2 Procedures for Plotting Noise Zones, Step 2 (Continued)

treated separately as stationary noise sources. The required railroad

line operations information is usually available in typical or average

form from the railroad company linemaster, dispatcher, superintendent

of line operations, or engineering department for the area.

Stationary Noise Source Data - Summarize any existing noise complaint

histories or community information on the specific stationary noise

sources to be investigated. This information was previously obtained in

Section 2.3 of the manual,

STEP 3 = Bacome Familiar with the Survey Base Map

Survey the base map, using the data accumulated in Step 2, to become

familiar with the following features:

Areas of residential land use

Areas of commercial/ir.ldusfrial land use

Areas where growth or development is oceurring

Major and mineor roads .

Limited~access highways (freeways, turnpikes, etc. )

Railroad through routes

Commercial, general aviation, and military airports

Other stationary noise sources of interest (power plants, refineries,
railroad yards, ete.}

Vacent or Open Jand areas

STEP 4 -~ Identify Characteristic Survey Areas and Plot Vecant or Open Areas

At this peint, a preliminary recognition of distinetive general areas within

the survey region will be made that will assist later in the delineation of noise zones,

ond will be used to identify vacant or unused land areas.

-

From the base map survey performed in Step 3, determine an area or

neighberhood pattern to the city's configuration. First examine land

3=11
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3.2.2

Procedures fzr Pletting Moise Zones, Sten 4 (Continued)

use disrribution to identify a dense commercic! ceniralized business

district cs ogposed to surrounding creas of greater residential use,

Such central districts may take the form of ¢ compact "hub, " or of @

linear area following main streets. Populction density infoermation or
lend use data may be used ta help define a boundary for this area.

From this, lightly sketch the outline of what can be judged to
constitute the central business district onte the base map. Now
considering the surrounding portion of the eity, separate this portion
into no more than six general oreas that appear naturally distinctive

of unique in characteristics. Use residential population density as a
major criterion. lorge areas having densities that are internally fairly
uniferm but that differ significantly between areas should be cutlined
on the base map. The cmount of density difference which may be
judged significant will depend on an understanding of local eonditions,
and may be modified by other factors such as neighberheod age, types
of structures, typical [ot size or typiea! land value in salecting areas of
trua distinctivaness fer the particular survey region. Large pertiens of
the region consisting greatly of industrial or other nonresidential use
should be saparately outlined as well. Finally, topographical features
should be considered for separation of the city into distinetive areas.
Large residential areas that possess a distinetive mature by virtue of

elevation of separation by hills, rivers, or ether large tepographieal

boundaries should be delineated. When completed, the city or noise

'survey region should be divided on the base map into absut four to

seven major areas of Independent characteristics. To review, these
may include a centralized business area, outlying residential areas
separated topagraphically, or other large nenresidential but internaily

simtler areas.

C3-12
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Pracedures for Pletting Neise Zones, Steo 4 (Continued)

use distributicn to identify o dente commercial centrelized tusiness
district as cpposed to surrounding areas of greater residenticl use.
Such central districts may take the form of @ compact "hub," or of a
linear area following main streets. Population density informetion or
land use data may be used to help define g boundary for this crea.
From this, ligntly sketch the outline of wnat can be judged to
constitute the cantral business district onto the base map. Neow
considering the surrcunding portion of the city, separate this portion
into no more than six general areas that eppear naturally distinctive
or unique in characteristics. Use residential populction density as o
major criterion. large areas having densities thet are internally fairly
uniform but that differ significantly between areas should be outlined
on the base map. The amount of density differenca which may be
judged signifieant will depend on an understanding of local conditions,
and may be medifled by other factors such as neighborhood age, types
of structures, typical lot size or typical land value in selecting areas of
true distinctiveness for the particular survey region. Large portions of
the ragion consisting greatly of industria! or other nonresidential use
should be separately outlined as well. Finally, topegraphical features
should be considered for separation of the city inte distinctive areas.
Large residential areas that pessess @ distinetive nature by virtue of

elevation of separation by hills, rivers, or other large topegraphical

.baundaries should be delinected. When completad, the city or noise

.'survey region should be divided an the base map into about four te

seven major areas of independent characteristics. To review, these
may include & centralized business area, outlying residential areas
separated topographically, or other large nonresidential but internally

similar areas,
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3.2.2

Precedures for Bletting Neica

End
-—

~anes, Steo 5 {Caonrinued)

b.

Ce. .

For the cirport noise conreur system being used, plor individual noise
zone boundaries following the contour lines arcund each airpert on

the study tase map os follows:

La‘n 75 and Ldn &85, or
NEF 40 and NEF 30, or
CNEL 75 and CNEL 45, or

CNR 110and CNR 100,

If only the lower numbered conrour [ine is shown, plot @ boundary aleng
only that line. If all of the contours given for an airpert which fall
outside the airpert boundary nave values less than Ly, 83, NEF 30,

CMNEL 45, or CNR 100, then no girport noize zones need e considered.
Similarly, if the airport is to small that an EIS has nat been required, and
ne contours exist, it is not necessary to consider the airpert noise influance
In the survey. Airpart contours and noise Zones may be plotted across

vacant land areas.

Indicate the areos bounded by these contours l;o ba aither an Airport

Noisa Zane A or an Airport Noise Zone 8, based on Table 3«1, regardless
of the typs of land use or sther noise zanes coverad. One color should be
assignad to indicate all Airpert Noise Zone A areas and ancther to shaw
afl Airpert Noise Zone B areas whan plofting around ail airports. An

. example of plotted airport noise zones is shown in Figure 35, based on

tha NEF contours shown in Figura 3=4.

3-14 L




TV N W e ol T

3.2.2  Procadures fer Pletting Noize Zanes, Sien 5 (Continued)

Tabls 3-1

Airpert Noise Zane Criteria

Airport Naise Contour Area Airport Noise Zone

Inside:

L, 75 Contour
dn

or NEF 40 Contour
Ajrport Noise Zone A

or CNEL 75 Contour
or CNR 110 Contour

Batwern:

L an &Gand L dn 75 Contours

NEF 30 and NEF 40 Caentours ,
Airport Noise Zone 8

CIMNEL 65 and CNEL 75 Contours

CINR 100 and €NR 110 Contaurs

STEP & = Ecstimate and Plot Railroad Noiwe Zones

If railrond noise zones are to be included in the program, plet the zones aleng
railreoad through=routes in the program region according to the procedures given below.
These procadures apply only to principal railroad routes passing through the survey area
of cannacting separate peints within it. They should not be applied to raijlroad yards,
which con be dealt with using Step 9. If railroad noise zones are not baing considered

In the pregram, procesd to Step 7,

|
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3.2,2  Pracecure for Plotting Naise Zzones, Sten & (Continuad)

Q.

Example 3-1

Review the data otbrained in Srep 2d to derermine rhe number of day

and night cperarions fer each railroad reute. [f several carallel

tracks run clong clese tegether for a distance, consider this length of
severc] tracks as ane route. Remember, doytime should ke taken as

7 a.m. to 10 p.m. and night as 10 p.m. to 7 a.m. [F the only operations
data available were for different but similer time periods, suchas 6 a.m.

to ? p.m., ete., these may be used in the following steps as they exist.
For each route, calculate the equivalent numker-of cperations, N, which
is equal to the number of daytime opetations plus ten times the numker of
nighttime operations:

N = Nc’ay *10 Nnighr

The noise zone area around each railroad route will consist of a strip of

land following eleng tha route and extending a certain width to each side

of the track. Determine the width of the railroad noise zone for ecch
railway from Table 3-2. Note that if N is less than 5, ne railroad zone nesd

ba considered for that route,

Plet a railroad noise znne.along aach side of each route ragardless of
adjacent land use. However, do not extend the railroad zone into
regions aiready coverad by an airpert noise zone. The noise zone
boundaries should follow loecal streers that are neerest the zone width
detarmined in "c" above. The zone boundery should not cross the interior
of populated blocks, but may cross open spaces that do not contain

residances.

Railread Noijse Zone

If there are an average of two daytime operations and five nighttime operations,

the equivalent number of operations, N, is

N=2+10x(5)=52.

3=-17
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3.2.2  Procedures for Plorting Neise Zanes, Sren 3 (Continued)

Example I-1 (Coprinued)
Thus, frem Table 3-2, the rcilroed noize zone helf-width (track o outer

-1

edge) is 153 meters (300 feer), This zone is shown plotted fer a particn of an excmple
community in Figure 3-3,
Teble 3-2

Railway Noise Zone Width Frem Track

Equivalent Number of Train Railway Noise Zone
Cperaticns N = l\éin‘/ * 10 ht"nighf C\;V:;st:ﬁ:;Zn;nth:ezgr::??eer)

<5 No Railroed Zene

5t 7 3Im  (100)

" 8to 10 46m (1504

11to 16 41m 200"

7t 19 - 76m  (250")

20t0 - 35 - - 92m (300")

3% te 50 12m {400")

51te 80 i53m (s00%)

81 to 140 183m (500"

141 to 250 244m (8oo")

251 to 400 a05m  (1000')

3-18
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3.2.2 FPreecaduras for Florting Naiza Zones (Continued)

STER? 7 - Sstimare and Plor Cammercial, Tndusirial Neize Zanes

I Seetion 2,3, Step Zb, an estimare was macde of the number and types of
noise zones to te included in the program, [f it was olanned at that point to include
one of more commercial or indusirial type noise zores, fallow this stes to establizh

them,

a. Determine the regians of commercial or indusitial land use by axamining
maps of existing lend use and any additional land use data. If necessary,
use a land uce zoning map, tut with cautien, since it may not reflect

actual lond use due to vacant land, zoning chenges, ats.

b. At this point, determine whether commereiel and industria| regions will ke
combined to constitute one noise zone, or whether separarion info two
separate noise zones will best support the program geals. This would
normally only be dena in a Class II survay, when the survey region con~
tains large areas of cemmercial and industrial land use that are quite
diffarent in nature, i.e., shopping as compared to heavy manufacturing,
In such cases, the most representative noise level values will be obtained

by defining two individual noia zones fer independent sampliing and naise

moasuramant,

¢. To astablish the boundaries of a commercigl or combined commeraial/

industrial noiss zonae, identify all areas having this sctval land use. Nermally,

a cantral business area of the city will bacome apparent, as was previcusly
checked for in Step 4, Locate the mast dense partion of this crea having
approximaraly half or more of the land on each typically sized bloek under
commarcial use, This dense centrad ragion, including all contained read-
ways, rasidential, or other land use areqs, should be designated as part

of the commercial (or commeriai/industrial) noise zene. In addition, lo~
cate all other portions of the city under commercial use (and indus-

trial if being combined), and consider thase areas as additional sections

320
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3.2.2  Procadures for Plesting Noite Zones, Steo 7 (Continved)

of the overcll commercial or commereidl/incustrial neise zane. IF

such an outlying loearion consists of o nermal sized bicek, half or

more of which is devoted to commercial (er industrial} use, and the
remainder is predominantly residential, then w:sign the entire block

to the former type of noise zone. Assign q separate color to indicate
the commercial {or commerecial/industrial) noise zone and calor in these
areas on the portions of the base map which have net previcusly been
cavered by airport or railroad zones. These colered portions of the map
will eventually appear as many areas separated by portions of other
noise zone types, A combined commerzial/ncustticl noise zone for cur

sample community is shown plarted in Figure 3=7,

IF it is desired to esteblish o separate industria! noise zone, identify only
the patches of land subject to aurrent industrial cctivity, and mark thesa
on the bose map with o separaie color, This zone will ner include the
central business distriet as will the commercial neise zone, Similarly,

if @ block ar pareal of land is more than half daveted to industrial activity,
and the remainder is residential, include the entire paresi as e portion of

the industrial noise zone,

STEP 8 = Estimate and Plot Roadway Noise Zones

For all survey programs, noise zones must be drawn on the survey base map clong

each side of our types of roadways. These will be termed:

Minor Readways Low Valume (4000 < Average Daily Traffic 12000)
Minor Roadways High Velume (12000 < ADT < 34,000)
Major Readways; those with ADT >35,0C0

Limited Access Highways; such as tollways or freaways.

To estimate and plot and appropriate neise zones, follow the procedures below.

o
|
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3.2.2

Preceduras for Plorring Noise Zones, Sren 8 {Cantinued)

a.

e

Review and tase map and the treffic flew date cccumulcted in Step 2a.
Already indicated on the bose map should he the commercial /industrial
noise zone (if used), railread noise zona (if used), and airpert noise

zone (if used),

Locate on the survey base map the two groups of minor surface recdway
sagments for which traffic data indicate ADT Setween 4000 end 12,000
vehicles per day, and between 12,000 and 34,000 vehicles per day.
Further, Idenfify.rhe portions of these roads that are not yet included

in noise zones, or are within or adjecent to vacant lend use creas.
Frequently, many readways in the 4000 vehicle per day range have not
undergone ADT mecsurements. For the purpese of this zone identification,

it is only necessary to locate those readways fer which ADT data are

availabla.

Nete: The ADT ceunt often varias along differant segments of the same
readway so thot soma segments of a straet may constitute a mojor readway
and other segments may be @ minor readway. However, ADT counts are
normally given for points rather than for segments of streets. Therefore,
if it is necessary to distinguish between minor and major readway segments
of a street, use interseetions with major crossroads which appear on the

traffic flew map as the boundaries for the segments.

Plot sactions of the minor roadway noise zones along each side of the
'portions of these reads where the zone would cover as yet unzoned or
vacant areas. The zones should not be plotted over areas already
covered by airpert, railread, or commercial/industrial zenes. Dasignate
soparately the zones for roads with ADT from 4000 to 12,000 vehicles per
day, and from 12,000 to 36,000 vehicles per day. The noise zons aleng

the formor will be called the mincr readway low volume noise zone, and

that for the latter will be named the minor roadway high volume noise zone.
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2.,2.2  Procedyras ‘or Playsing Meite Zones, Srem @ [Cantinued)

G

h.

Fer each zone type, the zone width on each side of the read sheuld
equal the average distance frem the mavement to the fur end of the
adjacent residential property along the read, or 41 merters (200 ft),
whichever is less. Plor these areas on the map using an assigned coler

to Indicate thot qll such ereas that constitute borh of the minor readway
noise zones.

Locate en the base mep all majer surface roadways for which traffic

data indicate ADT greater than 36,000 vehicles per day, and identify
the portions within or adjacant to vacant or as yet unzoned land, Two
separate zonhes will te plotted eround the major roadways, but neither

should be pletted aver areas covered by airpert, milread, er commercial/
industrial noise zones.

Plot the first noise -zene adjacent to each pertian of these roadways as was
dene in "¢ above. These zones should be plotted in an assigned color

and collectively raferred to as major roadway noise zone A.

Immediately outside of each major roadway noisa Zone A, plot ¢ second -

zona Ina different coler, This cutsida zone should begin at the boundary
of Zone A and extend a sufficient distance from the read to inciude the
sacond row of residences and their full lot depth, but not mere than an
additienal 61 metars (200 ft). Thase collective arees should be referred

to as major roadway noise Zons B.

" On the base map, locate the portions of all limited access highways

within or adjacent to as yet unzoned or vacant land. \

Plot a highway noisa zone adjecent to each side of these highway
sections where the zone will cover residential or open land, and does

nat interfere with airpert, commereial/industrial, or raiircad noise zones,
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Praceduras fer Plorting Noise Zones, Stec £ (Continued)

The highway noise zone may cover and include orher roadway noise
zones. The zone width on each side of the highway should equal the
average distcnce from the pavement to the far end of the aedjecent
residential property along the highway but should ner exceed

244 meters (800 ft). These arecs should e plotted with an assigned
color to indicate the collective highway noise zane. Example:
Readway and highway noise =ones are shown added to the previcus
noise zane plots for our example community in Figure 3=-3. Note
that these zones do nat extend into railroad or commercial/industrial
noise zone areas, and thot only one miner roadway noise zone was

present in the example community,
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Figure 3-8, Examnle Plot of the Roadway and Highway Noise Zones Added to Cther
Plottad Zones for the Example Cammunity
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3.2.2  Precedures fer Plerting Naise Zones (Continved)

STEP P = Zstimore and Plor Residenrial Moise Zones

In Secticn 2.3, Step 2b, cn estimate was made fer the number and types
of naise zones to be included in the program. If it wos plenned at-that goint
to include savera! rypes of residential noise zones, parricularly fer a Class Il survey, then

follow this step to esteblish these zones,

a. Determina the locations of residential land use by examining the available
maps of existing lend use and any other lond use data. Exercise czuticn
with land use zoning maps since they may nor reflecr actual lend use due
to vacant land, zoning changes, etc, In addition, review in detail the

populatien density deta gccumuleted in Cheprer 2,

b. If only one general residential noisa zone is to be established, cssign
a color to indicate this zone cnd color in all residential sections cn the
base map which are not already covered by railroad, airpert, commercial/
industrial, roadway, or highway noise zones. This will complete the establish-

mant of the residential noise zona,

¢. If the distinctions that cun be provided by the uis of saveral rasidantial
noise zones ars desired, establish thesa zones using the following popu=
lotion density guideiines. The intent of these guidelines is to assist in
soparating tha residential areas of the city into noisa zones having unique
end individual cheracter. Cther boundaries that may bs used for this purpese
would consist of discontinuities that have accurred naturally within the city
structure, such s between single family dwellings cdjacent to a section
of high=riso multi=family units, or topographical separaticon at applied
when defining general survey arecs in Step 4. Additicnally, if a large
residential section exists principaily within one of the major geogranhical
areas a3 defined in Step 4, it sheuld be considered @ separate noise zone
based en the distinctivenass of that area, Thus esteblish criteria for

the different residential naise zones based on @ combination of these
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3.2.2 Procadures for Plosting Noise Zones, Sren § (Conrinued)

unique locai conditicns as well as the numericzl pepuicricn density guidelines if necw
essary ta meaningfully cecommodare actual differences berween residentic] cress a3 they
exist in the city. In the event that few or no natura! boundaries within the

residential areas of the city are clearly distinguishable, the follewing guidelines may

be applied diracrly:

Residential Low Density Noise Zone; O to 2000 People per square mile
(0 to 770 people per square kilometer or 0 to 3 pecple per acre)

Residential Medium Density Neise Zone: 20C0 ‘o 4CC0 people per square mile
(770 to 2320 people per square kilometer or 3 to ? peeple per gcre)

Residential High Density Noise Zone: 4C00 to 18,000 cecple per square mile
(2320to 6950 peaple per squore kilometer or 2 to 28 pecple per aere)

Residential Very High Dansity Naise Zone: Over 18,000 people per square mile
{Qver 6950 people per square kilometer or over 28 people per acre),
In the avent that numerical popu Iction data for small regicns of the city are not avail~
abia, but a density map based on qualitetive statemants of density, such as "fow,"
"medium low, " ets. has been propared, use this qualitative map qiong'wirh loeal
knowledge of tha areq to outline distinctiva noite zenes with pepulation differences,

Having esteblished the specific residential noise zone eriteria, review the population

density data and the area cutlines on the base map, and identify regions or smali land
portions on the base map that will constitute no more than four types of residential noise
zones, [fthe four density ronges indisated cbave are present and the zones are establi=
shed in approximai'e.accardancs with them, then the associated zona names should ba
viad. Nete that not all of these density ranges may Ee present (i.e., densitias, over
18,000 people per square mile will be unutual in the siza of community for which this
manual is intended). If oane or more residential noise zenes are defined based on area
leestion or sther non=gepulation eritaria, then an appropriate zone name shouid be
assigned, Assign @ coler to each type of residential noise zone and coler in the portion
of the map thet consfimrg_gaj.b_—znpgl__gqr de net extend the residential zenas into the

previcusly defined noise 2ones, Depending on the method of zone definition, each
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Pracecures for Pleorting Moite Zznes, 3teo 7 (Continued)

sarticuler zone will finally cgpecr aither a3 g collection of severcal secrions separared

by other noise zone types {as if defined stricrly by cetailed crees of given population

density), or as a fairly centinuous regien (as if defined based on topographical separation).

STEP 10~ Estimate and Plor Staticnary Saurce Noise Zones

The large staticnary noise sources to be investigated in the pregram were discussed

in Sections 2.3 and 2.4. For each type of large stationary source to be investigated, a

noise zone must be formed by establishing an area of influence areund ecch scurce of the

specific type,

Plot these zones on the base map using the following precedure.

'a. Cn the baze mep, locate the large statienary noise scurces to be subjected
to noise measurements, Become familiar with the lecal terrgin, leeal roed-
ways, and large buildings.

b, Determine the neite zone boundery for each seurce by making aq site visit
to identify the approximate area of audible. influence, Starting frem
several points around the noise sourcs perimere:'-', walk er travel directly
away from the source into the affected residential, commereial /industrial,
or ather areas until the sounds from the soures appear to be maskad ehout '
half the time by sounds preduced in the surrcunding neise zone (feeal
streefs, children at play, ete.), (Stationary source noisa zones should
not extend acrass railroad or airpert noise zones,} The lecation whare
this cecurs marks one point on the naise perimeter. Perform an adeguate
numﬁ:t"_'pf these “walk away tests” (narmaily between four and eight) to
sufficiently dafine ¢ smooth noisa zone boundary for the stationory noise
scurce, All tests should be parformed over a shart peried of time, during
non-paok traffic hours and normal weather conditions, and when the noise
source is qudible to at least @ normal degree. Mark this stationary source
neise zone on the basa map in an assigned color, adjusting the zone cutward
if necessary to include areas which have been sources of noise complaints.
The stationary source noise zone may be superimposed over any of the previausl;}

definad zones or craas,
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3,2,2 Pracedures for Pertine Noise Zones, Stes 10 [Continved)

[f the stationary noise source is a railroad yard, an alternate method
may be used by applying the EPA manual “"Caleularion of Ldn from
Railroed Yard Cperations.” The noise zone boundary cun then be

established ar rhe &5 dB Ldn coantour.

NQTE: Qecasionally, during the “walk-cway test, " a roadway or
highway noise zone will be encountared within which saunds from the
stationary source ere completely drowned out. If this occurs, be sure
to continue the test an the far side of the rocdway noise zone to chack
whether tha noise from the stationery source becomes dominant once
again ¢s the rocdway noise fodes. If this is the case, the stationery
source noise zone will gonsist of areas on either side of the read. If
nat, the stetiomary source noise zcne will meraly stop whan it meets

the roadway noise xone.

Similarly, "acoustical shadew areas” will be encountared, where a tal!
buiiding or athor large objact will act as a noise barrier to shield a
small arca from the noisa source. If such én araq is antered during the
test, eontinue past the shielding object for o distance of about fiva
timas its height to determine if the sourca noisa becomes dominant
beyend the shodow area. Include any such shadow areas in the

_stationary sourca ioise zona.

Example 3-2 Sfﬁ?}onaw Sayrce Noise Zone

Two oreas make up the single stationary scurce noise zene.for the axample
city, and are shawn plattad in Figure 3=-9. In each case, the paths of eight diffarent
"walk-away tests” in equally=spaced diroctions to datermine the zone koundaries ere shown.
Neote that the uppar zone extends into and beyond @ highway noise zene. This means that,
for tha covered portions of the highway zene, the seurce neise was audible at least half of
the time during the test, Near the pavemant, however, the highway noise was qudible

mest of the time. Alse notice that sound from the lower stationary seurce caused that
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331




PET R TLFLE I R ¥ ]

2 Procaduras for Pleting Maoise Tones, Stes 10 (Conrinced)

.3
o

Examnle =2 (Continued)

noise zone to extend over the commerciel/industrial and miner roacway naoise zcnes as
well as the residential| areas. The single residenticl noise zone hos been taken for the
purpese of this example cs all the unmarked areas. [n normal applicetion, it would

consist only of these unmarked arecs determined to have residential land use in Step 7.

STEP 11 = Check for Acczuracy and Carrecrness

Examine the most recent gerial photes of the survey region to verify that
the plotted noize zcne boundaries actually conform to what appear to be the appropriate
lond uses on the chotes. Local knowledge cr site visits sheuld also ke uzed to clarify

dareas of uncertainty,

Examine the noise zone plots carefully to check their correctness as follows:

Roadway noise zones should be plotted along each side of major readways
{inner and en.:lrar zones), miner roadways, end limited access highways in the areas where
thay would extend over areas of industrial or commereial land use as traffic noisa in thete
ateas is considerad a result of the commerciel/industria] activities and ¢ contributer to

that neise zone.

Raiiread and airpert type A or B noise zonas should extend over any coineident
residential or commereial/industrial crees as well as any roadway noise zones. Railroad
noise zones should not be extendad qver girport zones. Rasidential and commercial/
industrial noise zones will normally be shown cn the base map in many areas between the
other zona types. Finally, noise zones surrounding singular loeally intrusive noise sourges
should extend from the sources outward across any cthar areas which they influence. Cnly
one zone should be indicated for each type of stationary source, but this zone may consist

of a number of separate areas, each surrcunding ene of the sourcas.

—Nene of the. noise zenes, excapt for airpert noise =ones defined by airpart noise

contours or statienary source zones, should extend across large areas of vacant or open land.
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3.2.2 Procedures for Plorting Noite Zenes (Continued)

STEP 12 ~Raview Costs 2gsed en Final Noise Zene Selection

During the progrom slanning phaoses of Chenter 2, estimates of total naise

measurement program cest were made by essuming on approximate number of naise

zones, The preceding steps of Chaprer 3 have allowed fincl selectien of the number

of noise zones to be included in the program, which may differ from the-preliminary
essympticn made for costing purposes. If, as the numter of zones kecome solidified in Chapter 3,

this differance in numter of zones has grown to more than two or three, it may benecessary to
reestimate progrem costs based on this finalized form by applying the metheds of Section 2.3 and
Takle 2+3. Such a check at this point will call early artenticn to unexpected cost

increxses crising from tha program development done in this chapter, giving the

opportunity for edditional plenning, funding, or edministrative agtion if necassary.
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Segtion 3.3 Select Moise Mecsuramenr 3ires ond Microphcne Lecariens

3.3.1  Introducticn
In this section, procedures cre given for selecting noise measurement :ites
throughout the various noise zones previcusiy estanlished in Section 3.2. An outline
of the secticn wes given in Figure 3=1, The instructions include identi-
fieation of the total number of sites required in each noise zone, metheods for determining

their exact locations, and methods for choeosing which of these sites will undergo

© night or weekend measurements in addition to the nermal' weekdoy measurements.

The site celection process is illustrated centinuing with the same examole coernmunity
for which noise zones were established in Section 3.2. In this chepter, and for the

remainder of the manual, the term noise measurement site will be used to designate a

localized site or area within which the measurement is to be taken, and micreshene
loeation will signify the exact pesition of the noise measurement microphone. When

the required microphone locaticns are established, proceed to Section 3.4 to

acéomplish the actual noise measurements.

If automatic 24=hour measuremants are being employed in the noise monitering
program, guidance for tho salection of measurement sites and microphone locotions for

this equipment should be taken from Appendix A. i

3.3.2 Selection of Measuramant Sites and Microphone Lecations

Noise measurement sites will be salected using two methads. [F sacial survay

clustars for a camﬁénicn QCP attitudinal assessment have been chesan and identified within

a neise zone to be monitored, then these clusters will be selacted first as noise mecsurement
sites. A social survey cluster is simply an area of one or two blocks within which interviews
are mude at spacific househoids to provide social data for assessment of community attitudes
toward noise. Additioral noise measurament sites will normaily be requirad beyond the
numbar of available slusters and these will be selected using a spatially random gridwork
selection procadure described in Steps | through 4 below. Follow the given steps to

select all measuremant sites and microphone locations.
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2 CLaleetien of Measulement Siter ond Micronnone Loecticns (Continued)

avia

TEP 1 ~ Cverlav o Squware Grid Onto the Zase Man

Qa

Superimpose @ square grid pettern onto the base map. This is best done by
overlaying a grid previously prepared on tracing paper or trensperent glastic

to cover the entire areg within city limits and any additional arecs to be
included in the survey, 8e sure to place reference (registration} merks en

the overlay and base map so the former can te relocated accurately an the

map if removed.

The grid lire spacing sheuld ke 0.32 km (0.2 mi) on the map scale, and the
grid should be aligned o that grid lines do net coincide with any dominant
parallel/orthogonal street pattarns. Figure 3= 10 shows a grid cattern overlayed

onto the base map of the example city previously illusirated.

STEP 2 = Identify Call Canters

G,

Consider each 0,32 km % 0,32 km (0.2 mi x 0.2 mi) squara within the
boundaries of the noisa measuremant region to be a basic noise measuremant
areq called a gell. These noise measurement ealls will be used ay a basis for
selecting many of the mevsurement sites in residential noise zanes, commercial/

industrial noise zones, and stationary source noisa zones.

Locata the canter point of each cell. This can be found at the intersection of
diagonals drawn from each cerner across the cail. Now, place a dot ot each
call center which falls within the rasidential noise zones, (Alternotively, it
may be convenient to simply shift the grid pattern so Tts intersection paints
define the "call canters,") If commercial/industrial or stationary source
noise zones are being included in the survey, place g dot at cell centers

that fall within these zones as well. Finally, if the cell center fails within
vacant ot open area, but the call itself contains more than one-quartar
residential, commercial/industrial, or statiomary noise zone area, then

place a dot along the edge of the noise zone in the cell which is at @ peint

nearast the call cantar. Oots at the preper call centers are shown in

Figure 3" 10 .
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leztion of Mecturement Sites and Microcherne Loezticns, Sreo 2 (Conrinued)

Consecurively numzer ail of rhe cell cenrers wnich heve Seen
identified with dots within residential, starionery seurce, or
commercial/industrial zones. Use a regular left-to=rignt numbering
pattern, beginning with the left end of the highest row of dets on the
map. Procesd numbering the dots in saquence across this row, skipping
cells witheut dots, conrinuing in the nexr lower row when the last dot
is reachad. Remember, numoer only the cell centers within residential,
statienary seurce, and commercial/industrial (if included) ncise zones,
and do not skip any numbers. MNote the total number of cells

numbered in these ncise zones. Naoaise measurement sites will be
selected for these noise zones from the numkered cell centers and, if

appropriate, from the social survey clusters within these zones,

STEP 3 = Overlay Linsar Intarvals ‘Alang Reads en the Base Map

Divide each highway noise zone, major roadway noise zones A and B, and

minor roadway noise zones into infervals of 0.32 kilometers (0.2 milas) baginning at
the zone ends. Meark these intervals by lightly drawing them on a tracing poper or g
clear ovaerlay. Thase intarvals are indicated by dots in Figure 3-11.

STEP 4 = ldentify Road Intarval Points

a.

Consider each interval marking made in Step 3 as a potential site aleng
the road for noise measurement. These interval markings will ke

colled road intervel poinrs.

Consacutively number all of the road interval points which have been
located along all of the read neise zones. Begin in the leftahand portion
of tha bose map, follewing cleng the prineipal roads, and numbering the
infes;vul paints of branch reads when their intersections are reached.
Aftar completing a Eranch read and its sub=branches, continue following
aiong the principal road or begin o new ane, progressing through the

network of road noise zones in a generally left-towright or top=to-
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L2.2  Selection of Mecsurepenr Sitec and Micerzoncne Leezrions, Sten 4 (Cantinrad)

tottom partern, unril all inrerval poinrs nove teen numbered. Do nor

skip any numeers. No distinetion needs to be made between the

different rocd noise zone types at this time, <nd @ single sequence of

numoers should be used. There cre meny pessible numtering Fatterns

which might result from this procadure, ond the exoct pattern cbtainad

is not critical. It is suificient merely to obtain @ numbering pattern

which progresses generally from left-to-right or top-fo=bottom acreoss the

entire map. Mote the final number of road interval goinrs, Noise megsurement
sites for these noise Zones will be selected from these interval points and, if

appropriate from social survey cluster sites within these zones,

STEP 5 - Determine Required Mumber of Noise Measurement Sites

For aach noise zcne, noise messurements will be required ot a certain number
of sites. Determine this number frém Table 3-3 for the noise zones and survey class of
yeour program. Table J=3is basad upon the application of statistical techniques as.
discussed in Appendix D to datermine the minimum numter of measurement sites requirad
te obtain the spatial accuracy of @ Class | or Class Il survey. Te allow for measurement
difficulties at some sites, such os field arrori, instrument failure, ate., the volues
given in Teble 3-3 have been increased by 10 percant over the minimum number of
statistically requirad sites, Thus, direct application of Table 33 shauld result in the

coliection of an adequate sampis.

)
.
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Table 2-3

Number of Noisa Manitoring Sites to ba Used for
the Survey Classes and MNeise Zones

(inciudes minimum staticticz!ly required numker of sites
plus 10 percent wafety factar)

Noise Zone Type

Numper of Sites Required

Closs | Survey Class Il Survey

or Law Density, ar Other)
Highway .
Majer Roadwey Typa A
Major Readway Typae 8

Commareial end/or Industrial
Stationary Source '
Airpert Typa A or B

Railroad

Residential (Very High, Hignh, Medium

Mincr Roacdway {High or Low 'Volume)

30
20
20
20
20
42
42

0

O v v o000 00

Sea Section 3.2.2, Stap 9

s im0
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tan of MMacsurament Sites and Microchere Laczrizns (Conrinued)

STEP &- Select Msosurement Sites (Except Railroads)

If there has been a companion QCP attitudinal assezsment, then social survey

clusters will have been identified in taveral of the noise zones. Thase clusters will ke

selected first cs noice measurement sites in each noise zone. [n cdditicn, the numbered

cell centers highway and readway intervarl paints constitute d et of potential noise

meacsurement sites for residential, commercial/industrial, stationary source, highway ar

roodway noise zones from which the remaining required sites will be selected. To select

the required number of measurement sites fer eech noise zone, identify clusters and sgecific

cell centers or interval points using the following procedure. Examples are given ar the

end of the procedure sequenca.

Q.

Ge

Within each noise zone, identify sll sacial survey clusters. Then subtraet
the number of clustars from the number of measurement sites raquired for
the zone. This required number was obtained in Step 3. The differances
will bo the number of additional sites which must be selected in each zane
using'the gridwork methods. For thase remaining sites, procaed through

the remaining pertions of this step for each noise zone.

IF no attitudinal asessment has been planned end no sacial survey clusters
have been established, rhen precead through this step selecting all required

noiss measuremant locations based on the gridwork methods.

Pick @ number at random which is batwesn zero and the total number of
cel| centers noted in Step 2c. This will ba called the start number for

tha selection of ecell centars, MNow pick a second random numbar betwaen

zere and the totel number of interval points noted earlier in Step 4b, This

will be tha start number for the highway ar readway interval points.

Naow list the number of additional measurement sites beyond the clustars
required fer all tesidential, commercial/industrial, and stationary seaurce
noise zones as determined.in "h¥ abeve, Add these numbers, and divide

this sum into the total number of cell centars in these zones. Disecard any
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Selacrion of Mecsuremenr Sitec and Microonene Locations, Sren £ (Centinues)

remainder. This quctiont will te cxlled the call cenrer incremenr numeer.

In analogous fashion, add the total numter of additicnal measurement

locations required far the highway, major recdway A, and high and low

volume mincr readway noise zanes, and divide this sum info the total

number of read interval points. Discard eny remainder., This quatient

will be cailed the interval peint inerement numker.

Start and increment numbears have now been established for the cell

canters and for the interval points, These will ke used in telecting the

additional mecsurement sites. Apply the follewing procadure first to the

cell centers and then to the interval points to select final measurement

sites.

]l

Locate the cell center that was labeled in Step 2e, or the interval
point that was labeled in Step 4 with the corresponding start

numbers. This canter (or interval point) will ca the first additional

measurament sitas.

Now add the incremant number to the lobeled number of the first site.
This sum is the number of the cell centar (or interval point) which

bocomes the next site,

In this fashian, select succeading call canters (or interval points),

~ advaneing by the increment number each time. Continue this

until the number of additioral measurement sites required for each

type of zone is reached.

When the quota for a particular type of zone is achieved, skip over
any additional selections that fall within that zone, and continua the
process, choosing sites only from zone types still having less then

tha necessary total number of measurement sites. (Also, saa "e"
bafow.)
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Selecsion of Mewsuramant Sites and Microchene Lacations, 3teo 4 (Conrinued)

3. {f rthe zuore for some zcres is net reached on fhe firsy sass thrauch
the numbers, continue the incremenr process meking @5 meny

pCsses as necessary.

é.  If the second pass through the numoers leads to selection of the
:ame locztions, pick, at random, a new start number and cantinue
with this using the same increment aumber until the required numters
of sites ore selectad., See "e" and "f* below for additional instruc-

tions regarding this process, and illustrative Examgles 3-3 and 3-4.

If a stationery source noise zone is included in the survey, it will normally
consist of a localized area conteining a limited number of cell centers,
and the selection process described in "¢" above may not readily select
the required numker of sites frem the stationary scurce zene. First, use
social survey clusters and the sites in the zone which are identified by

the intarval procedyre of the preceding step. However, whan the required
number of sites for the residential end commerciail/industrial zones are .
chosen, do not use the interval procedure but rather focus on the
stationary sourca zone itself. If the number of cell canters in the zone is
lass than the required number of sites for the zone, then simply plan to
perform measurements at sach ceil center. If the number of cell centers

in the zone excseds the required number of measurement sites, then select

the ramaining sites from these in a random fashion.

' Along major readways, there will be only ona set of interval points from

which to select measurement sites far the rwo parallel naise Zones A and B.
Thus, when interval points are salected in the major roadway zone, assign

these points as sites far both mejor readway naise Zone A and major roadway
noise Zane B. Sines the number of required sites for each zone is the same,

continue selecting until the requirad number is achiaved.
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3.3.2 Selacrion of ‘Mecsuremenr Sites and Micronhone Lecotions, Step 8 {Confinued)

g. ‘hen the zrecess of "z hos teen comolered, the required aumzers of clusters
and cell centers should have teen idenrified cs measurement sites in the
residential, commereial/industrial, and stetionary source acize zones,
Similarly, the required numpers of clusters and inrerval points should have been
chosen to indicate measurement sites along all highway end roadway
noise zones. Merk these selected sites with g small dor directiy on the
base map.

Example 33 Maasurement Site Selection frem Cell Canrers

In this example, illustrated in Figure 3-12, several cell centers have been chesen
as mecsurement sites In the example city. The figure actually shows only abaut ane~half
of the ¢ity, and thus nct all of the measurement sites which would have teen selected for
a survey in the entire city are included, Also, for clarity in illustrating the gridwork
selection procedure, sites ot clusters have not been shown. For this city, the start numker for
cell conters selected at randem was -16, and aczerding to the instructions of Step éd, cell cantar
number 14 was chosen as the first meqsurement site.  The caleulated increment number
for a hypothatical survey in tha sample city was 80 (total number of call centers divided
by the aumber of residential and commercial/industricl sites required for the survey).

Thus, avery 80th cell canter beginning with number 16 was chosen as o measurement site.
When the required number of sitas for the residential noise zone was reached, the process
of locating every 80th call center continued until sufficient sitas for the commercial/
industrial noise zone were salested. During this process, edditional cell centers

located in the rasidential noise zone wers disregarded. This accurred ot two locations
near the top of the map while the :alection procass was on its second pass through the mep.
When the required number of commercial/industrial sites had bean selected, the number
of selected sites in both of the stutionary source noise zones was still deficient. Since
continuation of the inferval process would have ftaken g long time to locate a

sufficient number of sites within the stationary source noise zenes, the interval process
was stopped and the reguired additional sites were selected at random from the

remaining cell centars in each stationary source zone. This completed the process of
solecting noise measurement sites in the residential, commercial/industrial, and

statienary source noisa zones.

Jumded.
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3.3.2 Selection of Measurement Sites and Microghene Lecations, Sten 5 (Continued)

" a e g

Exem d=d rement Site Selection from Read Inre i
Exgmple 3=4  Measu t Site Selection from Read Inrervwal Point

In this example, road interval points have been selected for measurement sites
in cur example community as shown in Figure 3=13. The entire precacure of selecting sites
from the numbered road intervel points fur a Closs [survey is ilfustrated, Howaver, as
with Exumple 3-3 above, the socicl survey clusters and associated sites have ner keen
shown in arder to illustrate the interval process most clearly. Interval points along
reads were numbered in o generally top-to=bottom pattern., The assigned numoers are
shown for every second interval point, and the stert number selected was numker 1. Next,

an inerement number was computed as follows:

Increment Number - lotal Ngm::en: of Interyai_l?onnfs =115 _ 9.5
Mumber of Required Jires 12

The remainder of 0.6 is discarded, and the increment number tecomes nine. (Note that,
we have assumed in this example that only three sites beyend prasumed cluster sites were
tequired for each of the four noise 2ones. Thus, the aumber of required sites is 12.) The
site selection procedure began with the start point, number 1, and proceaded to advance
nine points at a time through the assigned numbers. Thus, point numbers 1 and 10 were
salectad as the First sites for the minor readway noise zone, 18 bacome the first highway
zone megsursment site, and 28 beeoms the third and firal site selection for the miner
roadway zone, and so on. Following the sequence of selections, ona caon see that nearly
three complere passes through the interval numbers were required to obtain thrae sites for

each type of highway and roadway noise zone,

he  All of the selected noise measurement sites must now be renumbered with
permanent site designations. For each noise zone, label the sites diractly
on the base map with consacutive numbers, beginning with the first site
selacted preceding each number with the zane prafix given in Table 34,
This should be done for all sites, whether selectad ot clusters, cell canters,

or interval points. For example, the first site in a simple residential noise

zone wauld ba labeled R1, and the next, R2, etc. The commercial/industrial
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Figure 3-13. Example Site Selection Procadure for Readway Zanes Using the Interval Point
Methed (Nete: anly a portion of the sample community is shown. Interval
point increment numier =9, Social survey cluster sites have been omitted
far elarity.)
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Selacticn of Mezsurement Sites and Micrecnene Lacstiions, Steo 4 {Continued)

sites weuld ke laceled CI 1, C1 2, and s0 en. It is particularly
important to use the correct indicated prefixes for @ Class I survey where
a computerized method will prebasly be utilized for data reduction.
Continue this process until all measurement sites for all noise zones cre
approprictely labelad as indicated for our example cemmunity in

Figure 3= 14,
Table 3-4

-
Noise Zone Prefixes for Noise Measurement Site Lokeling

Noise Zane Type Prefix

Residenticl R

Rasidential Low Density RL

Residential Maedium Density ‘ RM

Residantial High Density RH

Residential Very High Density RY

Highway ) "H

Majer Readway Type A - A

Majer Roadway Type 8 ‘ . B

Minor Readway M

Minor Readway High Volume " MH

Minor Roudway Loaw Valume ML

Commarcial/Industrial ClI

Commercial . c

Industrial 1

Stationary Scurcs S (SA, 5B, ete., if
mere than one zone)

Raiiroad RR

* Note: Prefixes are given for all zone types including both specific divisions

which may not always be used, and also broader, more inclusive zonas.
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Sefeerien of Mecturemenr Sites and Miersenone Locations (Canrinued)

- Sgieer Micrephone Lecztions {Excenr Rcilrcads)

In order to prepare explicit instructions for fiald personnel performing the

neise megsurements, an accurate micrapnone location must now be estcblished to within

just a few meters for eacn site, whether situated at clusters, cell centers, or inrerval

points. The following procedures icentify a specific microphone |ocation for each of

these selected measurement sites, Indicate the location for each site to within a few

meters on a separate sketch, large scale map, or aerial photo of the immediate site area

thet is sufficiently detailed to show individual tuildings, all reads, walls, driveways,
(

trees, etc.

f.a2., 1:2400 seale or larger), These sheets, at least one for each site, will

be included in field noise measurement packets and used by field personnel to actuc|ly

locate the microphones when perferming measurements. (More then one may ke required

if the site is to be measured also at night or en weekends as explained later in Saetion 3.2.2,

Step 8.) Thus, for each site, if a map or photo of sufficient resolution to allow an

accurate positioning on paper is not available, a site sketeh showing the necessery detail

and microphone location should be prepared based on small seale maps or an actual site

visit. On all site diagrams, show a "nerth” arrow,

Q.

For elustcr :ites, which may have been established in many er all noise

zenes, a microphone location must be selectad ot @ position within the
cluster that it most nearly representative of the average neise envirenment
in the cluster. Ideally, such a position might be thought of as the centroid
of the cluster black or area. In practice, however, selection of a

representative location requires the judgment of noise levals, traffic

‘flaw, and other enviranmental influencas an the cluster. For all clusters,

the microphene should be located in front of one of the cluster households
that was subjected to an attitudinal interview. (Normally, avery seventh
household will be interviewed.) To select tha intarview household having
@ naise expasure most typical or reprasantative of the cluster, examine the
surrounding noisa sources for the cluster to identify an area with typieal

sound laveis. This may require a site visit for listening or briaf measurements
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3.3.2

Seleerion of Measurement 3ites and Microchone Laczrions, Sten 7 (Continued)

with o hgnd=-neld sound leve! meter, For example, if there are no

unusually dominant sources, and the cluster is surrbunded by streets of

approximaiely equivalent treific flow eausing a fairly uniform noise

pattern, then one mignt select the interview household most near the

cluster center, If, however, the cluster is bounded on one sice by an

unusally high volume road, ¢ typical locsticn would likely be found at

the interview residence mest necrly halfway from the busy road to the

opposite side of the cluster. Likewise, if the cluster is exposed to g

deminant naise source ourside of the cluster ared, such as an elevated

highway, reilread, or airport, a representative househeld would te found

approximately midway along the cluster proceeding away from the source,

When selecting ¢ microphone locaticn in a cluster, te an the alert for the

shielding effects of unusually tall buildings, intermittent local noise sources

such as garages or smail foctories, and the operating schadules of all

influsncing noise sources. These factars must be taken info account when

selacting a representative measurement site in the cluster. Avoid alleys 1‘

or smail, wellashielded alley=type streets uniess the population directly l

frenting on them is sufficient to warrant representation, For specific i
"o !

instruction in the pesitioning of the microphone ot the residence, see "c", ,

Case 6, of this stap, which follows.

Fer cell canter type sites which have been established for residential

and perhaps cemmercial/industrial and stationary squrce noise zanes,

identify @ specific microphone location for each site that is as naar

as pessible te the canter of the selected site os represanted by the
center of the dot an the base map. This should be spacified aceurately

to within a few meters. Mormelly, thesa sites will fall into one of

four different cases:
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3.3.2 Seleecricn of Measurement 3ites ond Micrsphene Lzcariens, Sren 7 (Centinued)

Re

Case 1: Site is in Cpen Arec ~ If the cell center falls on an area of

aceessible open ground farther then 1.8 m (6.0 /) - from buildings or
vertical surfoces, then establish the microphone locotion at this axoct
point. If this location is in o tackyerd or other area directly shielded

from a frontage street, then relocate as in Case 2 or 3,

Case 2: Site is on g Rocdway — If the zell center falls on or beside a

roadway, esteolish the microphone location at the nearest point which
is 15 meters (50 fzet) from the pavement of a surface street ar 30 meters
(100 feet) from a limited access highway. If a structure prevents this

locaticn, see Casa 3.

Caza 3: Site s on e Structure = If the cell center falls on a building or

structure, than establish the microphone location between the building and
nearest fronting read and 1.3 m (6 #t) from the building facade as indicated

in Case & for roedway sites below.

Casa 4: Site is Otherwise [noccassible - If the cell canter location is

Inaceassible fer reasons other than interfersnce by buildings (en a bridge,
inaccessibie private property, etc.), establish the microphone [seatien

ot the nearest accessible spot, applying the rules above.

Faor intarval point type sites along roads, an exact spet for measurement

has still not been accurately determined. To do this, first arbitrarily
decide on which side of the roed the measurement will be taken. A
coin=flipping procedurs is adequate. Of couwrse, if the road noise 2one
has baen defined on only ona side of the road, then use that side. Onca

this is determined, one of the following cases will apply.

Case 5: Cpan Readside Land = IF the land is vacant or epen, establish
the microphone site aligned with the interval point 15 metars (50 faat)

from the pavement edge for all minor roadway noise zene sites and major
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Selacrion af Mesosurement Sites 2nd ‘icreshene Lecsticns, Step 7 'Canrinued)

da

readway noise Zane Asites. For major roadway neise Zone B sites,
establish the site 15 meters (30 feet) autward from tha boundary of the
noise Zone A. For highway noise zones, establish the site 30 meters

(100 feet) from the highway right-of-way at the intervel goint.

Cate &: Roadside Structures — If there are buildings er structures along

the road covering the desired location, choose a microphone site 1.8 meters
(6 feet) teward the street out from cne of the building corners facing the
street. If the building hes o driveway, use the corner oppesite the side
having the driveway . If there is no driveway, an croitrary choice should
be made. This location procedure is illustrated in Figure 3-13. This

figure is also a geed example of the microphone location sketch or photo

which should be prepared for each site,

Measurements will normally all be made while standing at ground level

with the sound level meter microphene at a height of 1.2 m (4 ft).

Howaver, in noise zones whera at least one=fourth of the pepulation lives
or works at elevated locations, it may be possible to obtain a more
representotive noise sample by elevating an equivalent propertion of the
measurement locations to higher building stories. Although this is not a
necessary survey technique, it will enhance the meaningfulness of date
ac'quired in a zone having a large population living in high«rise buildings.
Whather sites are established at ground lavel er elevated levels, permission
may be requirad to perform measurements on private property, Field personnel
shauld be instructad in this as indicated lster in the manual. In addition,
micrephone- locations should never be closer than 1.8 m (& ft) te any vertical
wall or surface. For elevatad lceations, this might requirs mounting the
microphone on a boom extended from windows, ona balcony, or ona

vertical pole ocutside the structure, with a ramate readout located ina

convenient place,
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3.3 Saleerion of Measuremant Sites and Microcheone Lacatiens (Censinued)

STEP 3 - Zeleqt Sitas fer Mienr and ‘Weskend Maeasuraments

Each site chosen during Step 7 wiil Se the site of a daytime noise mecsurement
made during normal weekdey hours. Fer a Class [ survey, same of these sites witl also
be measired during week nichts, and for ¢ Class I survey, some of the selected sifes
will be used for nighttime mecsurements during the week and some for day and night
measurements on weekends. Site usage for Class Il surveys is shawn in Figure 3-18,

Follow the procadures of this step to select the sites to be wsed for night or weekend

measurements.
a.
been selected in each noise zone. Also determine frem this takle the
number of thesa sites tc te used for night measurements {n cddition to
the day measuremenr. Then, from the sites aiready identified in each
noise zone, choose the sites to be wed also for nighttime measurements
at randem. Sinee all of the sites in each zone have been labeled with
a latter grafix and number, a randem salaction from these numbers may
be made using a simple blind selection process or hend calculator

raiidom number generator or tabla of mandom numbers.

b. For a Class Il survey, consult Table 3=5 and salect the required number of
sites for weeknight meqsurements in each noise zone first by selecting sites

which were chesan at social survey clusters, and the remainder randomly as
in “a" above.

Also fer a Class [l survey, some of the sites must be designated for weekend

day and night measuremants o indicated in Figura 3=16, Thess may include

sites alraady selected for measurements during weeknights. Determine the

required number of weekend day measurements for each zone from Table 3-5,

and select this number of sites first fram sites chosen ar sacial survey clusters,

and any remaindar on a randem basis fram the total number of sites in each

zona. Likewise, from theso woekend sites, chomie the indicated number of
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All Sites

Weekday Measurement
"Taken at Each Site

‘Weekend Dav Sites

Same Sites Used far a
Weekend Day Measurement

Weelknight Sites

Some Sites Used for a
Wealenight Measuremant

Weeakand MNight Sites

Seme \Weekend Day
Sites Also Used for a
Weskend Night
Measurament

Figure 3=16, Maasurement Site Usage for a Class [1 Survey
(See Table 3-5 for Number of Sites Required

far Each Usage)
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Toble 3-5
Required Numbers of Day and Might Measurements

Noise Zono

Class § Survey

Class 1 Survey

Total Mo, of

Measurement
Siles

Mo. of
Weeknight

(week-da ytime ] Measuremenis

Tolal No. of

Measurament
Sites
(week-doytime)

No. of
Weolanight
Meuasurcinents

Mo. of

Weekend
Day
Measuremants

Mo. of

Weelkend
Mighn
Measuramunts

Resldential {each

residential type zone) 8 5 30 18 12 7
iHighway [ 4 20 12 i 5
Major Roadway A é 4 20 12 8 5
Major Roadway B é 4 20 12 8 5
Minor Roadway

(Lhigh ai low valume) 6 4 20 12 8 5
Comme(rcln i/Industrial 9 5 42 o5 . 10

or each) d
Stationary Source 9 5 42 25 17 10

iota: If the numbar of measurement sites avallable in o noise zone is less than the required
total number given In the jabla, sclsct sites as follows:

® Considar all of 1he available sites as weokday sites 1o be measured.

& Choose a number of weeknight sites equal 1o 60 parcent of the total number of siles, 1o the nearest
whole number.

¢ For a Class Il survey, choose a number of wuekend day sites equal to 4D percent of the tolal number of
sites, to the nearest whele aumbar,

® For a Class 1] survey, choose a number of waskend night sites equal to 24 parcent of the tatal number of
sites, lo the nearest whole number.
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3.4.2  Ncize Measurement Activities, Stex 1 (Canrinued)
4

Some zessinle sources for field cerzonnel were discussed earlier in

Section 2.4, Step 1 of the manual. Establish a record of telephone

numeers and addrazses of the seleered team memebers.

b.  Esteblish o base of cperaticns fer the planning, supervision, and co~
ordingtion of measurement activities, The locctien should ideclly be
easily asccessible end central to the array of measurement sites, [t will
be used for equipment check-~out ond return, equipment calibration, data
cellecticn end filing, end raining and dakriafing cof field teams. Thus
chocse an erea large enowgh for insituctionai sessions end dafra stercge,
which contains facilities for sofely securing the measurement equipment
when not in use. If considering a public building, be sure that acsess con

be gained at night for suppert of nighttime measurements.

STEP 2 = Prepare for Measuraments

a.  Obfetin the equipment necessary for the neise medsurements. The equipment

‘package suppliad to sach simultanecusly active-team sheuld include:

o Sound level meter

o Sound lavel meter calibrater (if calibration dene in field) .

o Calibmation serawdriver (if calibration dene in field)

s Stopwatch, sweep smeond hand watch, or elactronic timer

s Time-af-day watch (can be supplied by personnel)

¢ Triped

o Clipboard
‘s Micrephene windseresn

s Lightweight portable chairs

¢ lantern, flashlight or chemical light source (night measurements)
¢ Simple wind speed indicater

° a  Air temperature thermometar

s Extra batteries

s  Writing pen (can be supplied by personnel)
s Data sheets
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Noise Meosurement Acrivities, Stén 2 (Continued)

Unless weather cenditions cre severely coid, it is cllowabie ro mainiain
a calicrater af the cperarions base and check calibration of the meters
only as they are checked out and returned. If the plonned survey will
be ceccmplished using an Leq tvpe meter instecd of a sound level meter,

the stopwatch will not be needed. Some sources fer sound measuring

" equipment were discussed earlier in Section 2.4, Step 1 of the manual.

Prepare a schedule of cperaticns for the field measuremenr teams. E£ach
team will enter the field for several hours and will require a

maximum of 45 minutes per measurement site. -

The schedule sheuld indiczte the date and time period of each

field sessicn for each team, and the specific sites to be monitored during
those sessiens. All daytime mecsurements will be made between the hours
of 9:00 AM to 5:00 PM and nighttime mecsurements between midnight and
5:00 AM. Sinez a req_r;1 cen more efficiently moniter several sites if the sites
are near cne another, select each day or night team aisignment using the
final site map as illustrated eariier in Figura 3-14 to separate the sites into
leealized sats for measurement, Notae that, except fer railroad sites,
neise megsurements can be made ot sitss frem any noise zone in any order,
Thus the primary criterion for ausigning sites is that they be greuped as

closely together as possible. A portion of an exumple measurement schedule,

" is shown in Figure 3-17. This example schedule was made up using the

measurement site map of Figure 3~ 14. [n collecting sites togather into
mecsurament sessions and preparing a schedule, it may be convenient to
prepare four separate base map overlays - one shawing all sites, one
showing weeknight sites, ane showing weekend day sites, and a final one

showing weskend night sites, Thess con be useful in making astignmants cs

woll as indicating completed sites for the four time periods,

44
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3.4.2  NMaise Measurement Activities, Steo 2 (Conrinued)

If tke avcilezle field personne! cre pert rime, coenditicnal, or not anie
‘o te scheduled for in cdvence, sites can e collaered into grouns for

measurement, bup seheduiing of ccrual teams and measuremenr dates

ke bl

een wait unti] team availability is established.

Team Scheduls
¢.  Prepare Measurement Packats
For each measurement session listed In the schedule, day, night, week, or
- weekend, prepare a field packet of measurement documents including:
o Covaer sheet
o List of General Insiructions
e  Equipmant Checklist
e  Microphone placement figure (Figure 3=15)
~ aw ®  Microphana lccation derailed map (a3 prepared earlier in

Noise Measurement Schedule
Team Team Sites Date/Time
Session Ne., Period

A i M1, M2, HT, K2, . May 8/0%C0 to 1600
SA1, SAZ, SA3, 5A4

A 2 Cl 1, SA5, SAS, SAZ, May 9/0900 to 1600
SA8, SA?, R1, M3

A 3 M1, 3A8, H3, R4 May 10/C0C0 to 0500

B 1 H3, R2, R1, CI2, May 8/0900 to 1600
Cl3

B 2 R3, RR, R4, 11 May 9/09C0 te 1600
A2 .

c 1 S81, $B2, 583, 584, . May 8/0%00 to 1800
SBS, SBs&, SB7, seg

Figure 3=17, Portion of Example Noisa Measuremeant

Section 3.3.2, Step 7 of the manual, similar to Figure 3-15).
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3.4.2  Noise Mecsuremenr Acriviries, Stem 2 (Conrinued)

*  Ixemple dota :heet
o Blenk data chest for each site o he mecsured
¢ Two extra blank data sheets

Accompanying each packet should also be scme form of identifiection on

official letterhead which identifies the field personnel as members of an

official municipal noise measurement team, Examples of the cbove listed

documents are presented at tha and of this chapter,

STEP 3 - Trein Field Pertonnel

Assemble all field personnel for a full day treining session. This session should

include discussions and instruction ecncerning the following topies:

*  Administrative matters - salary, mileage cllowance, identificztion
decuments, ete.

¢ Progrem introduction and generai deseription

o Basies of scund and commurity noise - decibels, decibel addition,
propagation, shielding, ete. .

¢ Qverview of the noise sample within the city

¢  Imstrumentotion usa and care
Naise measurement procedures « 20-minute maasurement technique,

noise measurement field packets, equipment checlkeout, data return, ete.

®  Measuremant sites and microphone location = where to measure

®  Maasurament practice
Indoor instruction and measuremant practice will require approximately 4 to é hours,
and should ba follewad by another hour or two of actual outdoor fiald measurement
practice.

The administrative, overview, and introductory fopies can be addressed using
materials from Chapters 1 and 2, Various Quiet Communities Program training materials

that review these subjects and the more technical items moy be available from EPA. A brief
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3.4.2 Noize Mecsuremenr Acriviries, Stes I (Cantinted)

presenration of the rechnical ospecrs fo te emphasized in the reining is made telow,

The training sessicn in general should provice o simple, clear picrure of the overail

grogram, and camplete derailad instructions for each Held opercter. It is important fa

develop in the field personnel on understanding of the imoortonce of the data they

will aequire and the critical uses to which it will be put.

d.

As the instructor or monitoring program manager, become completely
familicr with the operction of the type of acoustical instrumentation to

be used and ihe measurement procedure detcils. A therough hriefing

on these items from @ community noise expert as well ss cctual

prectice mecsurements under his guidence cre almest eszential in

obtaining the préper indoctrinaticn. The procedures take more cbility

and understonding than is ot first apparent. The preper and intelligent

usa of sound measuring instrumentation requires a knowledge of tha
operation of the insfrl:menh:ﬁon functions, ifs inherant limitetions and
waoknesses, and the effeet of verious extarnal influances on its accureey.,
In addition to the vbvious necessity for planning and training dictated by
those guidolines, there is a goldan rule for all oparator supervizors = read the
instructicn menuois for the equipmant. Most instrumentation manuals
provide (1) a discussion on theery of oparation, {2) oparational procadures,
and (3) basic performance spacifications. This infarmation is usually
presented in a fermat which can be follawed by an ogerator with anly
I_In.1ifed experiense and training. A review of this infermation may

pravent a costly error in the condust of the program.

Doscribe to the fiald personnel the sound level meter or other measurament

equipment being usad including its main components and general use.

Include these tapics:

347
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Mioite Mezsurement Aerivities, Sren 3 (Confinved)

Basic elements of the instrument,

How to perform a battery check and change bctteries,

Calibration = emphasize that this must be done before and after

each 20-minute mecsurement {or at check~out and eheck=in if

field calibrators are not used),

Always use a microphone windscreen,

Instrument settings - A~weighting ond slow response for all 20=minute

measurements, {A "fast" sefting is used for separare railroad noise level

readings.) Set instrument range to include levels of noise present.
Keep the instrument dry. Stop mecsurementz in the event of
rein, and never ottempt to continue measurements under an
umbrella.

Step measurements if the wind begins to regularly exceed

16 kmh (10 meh).

Tho instrument is dolicate.— treat it gently.

Explain how to situate the instrument at the measurement site.

.

The intanded microphone location will be marked on o map
included in the field packst. Select an actual microphone
location as close as possible to the Intended location if it is

accupied by a new building, or is on inacecassible property, or is

“stharwise unusable. Do not leeate the microphone eleser then 2 m

(6 feet) toany large reflecting surfoce such as a building.,
Discuss the various location cases presented in Sectien 3.3.2,
Stap 7, and indicate that a sketch of the final microphone
location showing distance to a nearby object should be made on

the site sketch or diagram included in the measurement field packet.
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Noise Measurement Activities, Ster 2 (Continued)

L]

The stucents in cless shouic prectice pacing off © meczured
distanes of 13 merers (30 f1) et their normal pace so that this
distance can be easily established in the field without the need
for mezsuring equipment,

Set the instrument on a friped directly over the microphone

lacation ot @ height of 1.2 meters {4 ft}, Hove the students

. locate the 1.2m height on their bodies so that they can easily

establish this position in the field without the need for
measuremenf .

Crient the meter for easy reading while sitting or standing at least

an arm's distance from the microphone. The meter reader must be

positioned out of the way of an imdginary line between any dominant

source such as the nearby road, the microphone, and any nearby

building facade, .

Pass out the General lnsrrﬁcrions and dote sheet located at the end of

this section. Explain that the above precedures acsount for all of the
items through number 7 on the General Instruction sheet which will be
included in each packet, Instruction number 8 is to completa the dara

sheet heading. Emphasize that:

A 'skerc.h should be made on the site diagram to include the

micrephone [ocation, and indicating wind direction.

"Weather measurements can be moda shortly bafore or affer the

neise megsurements,
Be sure to racord the sost messurement calibration value on the

data shast if calibration is checked in the field. If not, the
calibration value should be racorded on the packet cover sheet.
Ba sure tp record the instrument serial numbers an the packet

cover sheet. .
The "cluster" and "area" spaces may be left blank, ond will be

completed later by project staff.

e e oo,
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3.4.2  Noise Measurement Aciivities, Sten 3 (Continued)

2.

Explein tre specific meosurament srocecures, which cre

instructions ? and 10 en the generc| instruction sheet.

At 15~second intervals during the 2C-minure measurement period, and
with the sound level meter set to "A-weighting” and "siow, " the
instantaneous socund level| meter reading should be recorded.,

This must result in 80 individucl readings.

Imagine that, ar each 15=second instant, a snapshot was taken

of the meter to freezs the meter indication at that instant; that

is, the volue to be recarded. It is parmissible to pouse for o faw
readings eccasionally in order to put on gloves, adjust equipment or
stance, etc., but such breaks must be few and brief, and it is important

that the finished date should stili consist of 80 individue! readings.

With o two=member team, ane person normally adjusts and recds
the meter while listening to identify sources, and the cther team
member observes the watch to csl! time every 15 secands, and
recerds the readings ond source idaentifications. If an efectronic
timer praviding a light or tone every 15 seconds is usad, the

entire process can ba accemplished by sne person,

The resuiting values will nermsily be recorded by marking a.box of
the appropriate row in the data sheat (see and of Section 3). For example,

a reading of 66.5 dB or 67.9 dB would ba marked in the 46 to 48

““tow, and en even reading of 44,0 dB would be marked in the &4 to 66 row,

Continue adding marks to the right, one mark per box, every 15 seconds
as the data for each raw is accumulated. If o row bacomes filled

with aver 40 measurements in o noise laval interval, continue on

a sscond datq sheet,

If a particular source can be identified os the intrusive cause of

any particular "snapshot” reading, the raading should ke recorded

2 b bty e s
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3,4.2  Noise Mecsuremenr Activities, Sr=s 2 {Continued)

on the dota sheet with the cppropriote symuol os shown on the data sheet

instead of on "X", Follow these guidelines in order to identify a source:

1.

Indicate a singie type of source when it can be identified
as principally responsible for the-sound level existing at

the measurement instant.

The source identified may be a single unit (i.e., one rruck)

or many items of the same type (i.e., several cars passing).

If several types of sources cre present or audible at the
measurement instant, either one type will clearly dominate '
and couse the measured noise level, or it will not be
pessible to select a deminant source, in which case no source
identification can be made. Oaly specific scurces such

as are listed on the data sheet should be indiccoted,

Source identifications will often be possible for high noise
lavels above 45 dB whare o single loud soures type will be
causing the laval to rise obove that caused by other sources
or the normal background level. Also, identifications will
be possible at very low levels, i.o., below 50 d8, when
the background is very law, and a single source is noted

at the time of measurement.

Sources should be idantified by beth listening and watrching

the sound level meter. If a particular source bocomes

sudibly louder (i.e., truck passing, airplane flying over, etc.)
with a corresponding increase in meter indieation, thena

regular 15-second interval noise measuremant that
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4.2 Naite Mecsurement Activities, Sres 3 {Cenrinued)

eceurs during this condition should rave rhot source
identified with it if the source is perceived os

dominating the sound level.

6.,  The identification can te made even if, at the measuvrement
instant, the meter needle is not at its highest indication for
the source, as long os it hes net yet returned to the nominal
baekground [evel which is attributable to no particular
source. Thet is, if the megcsurement aczurt while the metar
is rising or falling in rezponse to a source which is still
deminant end cudible, that source mey be identified with
the "snapshot” reading even though the reading was not taken

at the highest level eausad by the source.

7.  Anaudible source which does not cause the meter reading
to rise as the source is heard is not dominant and should not
be Identified. Such @ source can bo noted in the "comments”

portion of the data sheet if frequent.

8. Ifa continusus intrusive source, such as the staady nearby
operation of construction equipment, appears to be the
principal sourca for mest all of the readings, note this
condition on the "comments" portion of the data sheet,

9. Mark only large commercial type trucks witha "T", Pickup
trucks should be recorded as autes. Large garbage or refuse

trucks, snow removal equipment or other non-construction

sarvies equipment should be marked with an "S",

10,  If o dog is disturbed and begins barking when the noise measurement
equipment is set up, wait until his initial excitement is over before
beginning measuremants. Further barking sounds made by the dog
which dominate noise measurements but are evakad by stimuli other

than the noise measurement activity should be recorded as deoy sounds.
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3.4.2 Noise Mezsuremenr Acrivities, Sran 3 {Cantinued)

fa

Record the typical source responsible for the background noise in the
space pravided on the data sneet if it can be identified. Genercl
sources such as “traffic" are appropriate for this, and if many of the
unidentified readings hove heen due to general traffic, indicate

whether this has been principally highway or surface street treffic,

If an energ).f averaging meter that reads Leq directly is used, and
if information on specific intrusive sources is not desired, then the
source identification recording procedure just given need not be
followed. Instead, simply operate the meter for 20 minutes and
.

record the final Le vaive for the period under "comments" in the

data sheet, Mote, however, that source identifications will be of

great impertance if the acoustical duta is used in the strategy

assessment pertion of the QCP program.

Continuing the list of general instructions after completion of 20 minutes

of measuramants:

Check the level indicated by the meter with the calibrater
immediately after measurement if pessible. Qtherwise, do this
immudiately upon returning to the operations base and record this
value on each data sheet or packet cover sheet. This is instruction
numbar 1 for "After Measuraments” on tho General Instructions sheet.

Instruction number 2 is to complete any comments concarning noise

sources, wind changes, or any other items which might have influenced
the measurements such as wet streets causing unusual tice noise. Fer
the “Deseription” and "Evaluation" portions of the data sheet, indicate

your judgments considering the type of surrounding land use and activitias.

Upen returning to the operations base, and toteling the readings, have
the operations manager check tho data sheets so that any immediate

questions regarding the dota can be readily answered. .
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3,42 Neice Maasurement Activities (Cantinued)”

ol

STEP 4 - HMold Proctice Mecsurements

Upon completion of the classroom presentarion, hold practice sessions in which
field personnel actually use the equipment, first indoors, and then sutdoars of selected
sites as described in this step.,

a. In the classroom or large indoer open area, have the students familiarize
themselves with the project sound level meters, setting them up on tripods
with windsereens and check calibration. Calibration should actuclly be
practiced if it is to be cccomplished ot each measurement in the fieid,

The students should also learn the proper pesition to stand or sit while
reading the meter so s to avoid interference with the direct or reflected
sound frem the source or any nearby building facade. A sound source fer
measurement practice should be obtained - preferatly o tape recording of
roadside troffic noise - but other sources such as radio broadeasts can be
useful for initial proctice. The students sheuld begin recording vaiues
using only "X" symbols and neglacting source identification, practicing
only reading and recording the correct lavels. Ar this stage, the instructor
may adjust the meter mnge to maintain an=scale readings for the students.
When the class has become familiar with reading and recording, vary the
source volume up and down to simulate passing vehicles, requiring the
students to perform their own range changing. Emphasize the importance
of changing mater scales quickly enough so as not to miss or incorreetly
r'eéﬁrd recdings during perjods of ﬂu:éucting level. When the group can
‘easily change meter ranges to accommodate lavel fluctuations and read and

record the “snapshot" levels aceurately, proceed to the outdoor prastice

session,

'
Prm———



= FEE RFIVY AWV dvdd

3.

4
)

2

4

Moisa Mecturemen: Acrivitier, Sren 4 (Copsinued)

b,

Before actually teginning outdoor mecsurements, the perionnel should

be assembled into teams and go through the process of checking sut
equipment, picking up field packers {all prepared identically to include
two sites for this practice), and lacating the sites on a city map to

plen c route to them. The Field Noise Measurement General Instructions
should be followed in these and all subsequent activities, and the

benefits of frequent reference to it should be emphasized throughout
the treining,

Unon arrival ot the first site, go through the entire procedure of
establishing the microphone es near as possible to the intended micro-

phone locetion, reviewing the cases presented in Section 3.3.2, Step 7

_of the manual, as necessary, Cnce the students have set up their

equipment, checked calibration, made weather cbservations and
completed the data sheet heading, begin @ mecsurement period,
First, racerd about 5 minutes of level deta, neglecting sources, and
compare results between the personnel. Then add the task of source
identificotion and indicction to the measurements, taking time to
illustrate the seurce identification guidelines given in Step 3 while
the personnel are actually listening to sources as they occur.
Readside sites are best for this kind of listening practice. Compare

results of source Tdentification measurements, and than move on to

the naxt site, prefarably with o diffarent, nonvehicular environment, to

'cumplete the field training. At the end of these sesions, all

parsonne| must be thoroughly competent in all of the set-up, data
acguisitien, and recording procedures. These activities should be

rapeatad at this time or in a separate session for the benefit of these who

are less than confident or competent.
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STEP 5 - Perform Mecsuraments

S

Disperse the teams into the field according to the sehedule previcusly

arranged in Step 2. If mecsurements are to be made by g single individual
using a timer to indicare the 15-second intervols, it may he beneficial to
complefte the first day of measurements using teams of two to enhaneca initial
problem solving ability and allow mutuel encouragement. For the measure-
ment pregram, which may extend for several days, monitar completion using

a record such as Table 3-6 until all day, night and weekand data have been
obtuined. During the periods of meosurement octivity, on operations manager
should be available ut the operations Ease to distribute packets and equioment,

assist in cclibration, receive completed data ond collect equipment, and

deal with unexpected problems,

When field deta are received, the cperations manager should verify
thot all cover and data sheats are compieted cerrectly bafore axcusing
the field personnel, and file them seporately aecerding to day or night,
weak or weekend. The packets thamselves should remain assembled.

For convenience in night measurements, it may be passible to distribute

__ equipment to field parsonnal in the late afternsen, and have them

return it and the date to @ convenient {ocation at the

finish of the nighttime measurements.

An' additional measurement activity not directly relatud to eur standard
mathod is measurement of railroad noise. Speciclly instrust o good

team to menitor the railroad noiss zene sites according to the follawing
procedure, If there are only one or two milroad sites, this

team can caver them aleng with saveral other sites in ¢ day's work.
However, the railrood measurement requires only ona persen, and .
depends on train sehedules since the measurement of eoch site must be

made during @ train passby . Thus, if many railread sites need fo be
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3.4.2 Noise Mecsurement Activities, Sten 3 (Continued)

cavered, or if uncertzin trein schedules mey require long periogs of
waiting, it may be more efficient to have ane person visit all the
sites. Assigning this rask to @ member of the project stoff would aveid

removing field personnel from the mein measurement affore.

¢  Obrain approximate train passoge schedules from the cppropriate
railrocd personnel in order to effectively schedule raiiroad site
measurements, and schedule them for train types that are most

cammon aleng the route,

e Select on octual microphene locarion es near as pessible to the intended

location f{see Section 3.3.2, Step 9) as is conventional for othar sites.

® Set up the menitoring equipment in normal fashion except change

‘the sound level meter to the "fast" meter movement, but still using

the "A-weighting” pasition.

Complete the dato sheet heading.

As tho train passes, there will be a noise level peak os the engine
goes by, followed Ey a fairly stoedy lawer lovel due to passage of T
___tha‘rrnin cars. This is illustroted in Figure 3«18, You need to
racord only these two sound levels — the maximum level that
occurs as the engine passes, and the average steady level of the
cars after the engine influance fudes. These two levels can be
. ’}éccrded on a standard data sheet in the "comments" section,

lebeled as “engine" and "cars".

e  Also, estimate the speed of the train as it passes, and record

this voiue in the "comments" section,
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2.4.2 MNoisa Mezsurement Activities, Stes 5 (Conrinued)

8
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3.4.2 Noise Maciuramean: Astivities (Confinved)

STEP & « Document All Procedures

After compietion of the scheduled field mewsurements, cll deie must be

reviewed ond filed, and all precedural varionces with the menual documented,

2. Survey clil data sheets for measurements which appear unusual or are
consistently high, low, or erratic. If problems are uncovered that
render the dota from a panicﬁior site questionanble, revisit the site ro
repeat the messurement if pessible. If the suipect data cennot be

" clarified or repleced, they should be discorded and excluded from the

analysis procedures of Chapter 4,

B.  Arrange the deta in o sequence file which retains each packet and
set of dotn sheets together as originelly essembled. I q seciol survey
has been conducted for which anclysis of the noise date will be
desirad by secial sampling cluster, indicate cluster an the data sheet for

noise measurement sites that carrezpond to spacifie clusters.

S

Make a saparate copy of each date sheet for use in date reduction and
analysis. Taoke cars that all writing end dato indications are made legibly.

d.  Record any special procedures uted in general administration of the
progrom or used to accommodats specifie difficulties. For sxample,
if special policies were cdopted for the salaction of alternate micro-
phone locations, these must be fully recorded and explained, Likewise,
spacial combinations or designations of noise zones, new appreaches
used to mecsure stationary sources, discardad measurement locations, cr
any other variations from the standard procedures presanted in the
manual should be deseribed. Also, Include all werking papers, maps

and averlays used for site selection, survey class selection, ete., in

the files,
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Seetion 3.5 Progrem Plenning end Menagement

3.5.1 Intrecduction

Certainly by this point, the reader has realized that community noise
measurement design, planning, ond execution is neither en uncomplicared nor brief
process. In order fo maintain progress according o an orderly schedule, it is @ must
to enticipate key needs and initiate reiated activities or procurements with sufficient
lead time., The following suggested critics! arecs and sequence of plonning activities

should be considered when establishing the noise moniroring program.

3.5.2 Procurement

A procedure and schedule for orderly procurement of materials and supplies
must be one of the first things established. Anticipation of needs must be therough so
that procurements from municipal supplies or fhrcugh the municipal purchasing depart
. ment can be done in batches, avoiding numerous small requests or last minute
"emergency " needs as much as possible. This will not enly minimize program interruptions
but will help maintain a coerdinated, afficient program which ean continua to receive support

by city govemment. The following itams are of critical imporrance in the procurement scheme:

L Office supplias and planning matericls-are cortainly o prevequisite

to even initial program stages. Items such as basic office materials,
all maps, aerial photes, tracing paper or clear plastic for, map over-
|P)f.’n + large straight-edges for drawing gridwerls, etc., should be
- obtained as quickly as possible. With these, sufficient planning can

be done to determine the need for the fellowing items.

[ Printing of forms is ancther material requirement that must bs fulfilled

in o timely way. Once the planning process has established the ¢lass
of survey, number of ncise zones, and number of mesasurement sites, the
data sheets, identification letters, and other field packet pages ean be

ordered in sufficient quentities to provide packets covering all of the

e N
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3.5.2 Procuremant (Continued)

sites plus extras te cllew for troining, ocsasional repest mecsure-

ments, missed sites, etc.

. Noise messurement equipment crocurement sheuld be censidered as

soon as pessibie . IF saund level meters, tripods, wind meters, timers,
etc., can be abtcined on lean through the regional EPA office, a

local university, or some other source, crrangements for exact lists

of equipment required ond dates of use should be made. If equipment
must be purchesed, action can be token soon after completion of
program glenning, In mest cases, sore equipment will be borrowed

and some bought, Before equipment begins to arrive through either of
these channels, estabiish @ secure storage location end methed to recerd
the saurce of each item so that all equipment is returned to the proper

porty or deperiment afrer survey cotivities are completad,

3.5.3 Manpower

Simultanecusly with initial planning; activities, establish the souress or arrange=
ments for obtaining steff and field persennel, including administrative werk needs.
At leost two staff members are required to plan and coordinata the activities for a
Cless II survey, and the number of field personnel will depend on program time limits,
source and type of personnel, and program rescurces. Whan the required number of
noise measursmerts becomes known and the number of “teamedays” is established,
Interviews with prcsf:ecrive workers should be initiated with sufficiant laad time for

locating an adequate number of trainable people and for the hiring procass.

3.5.4 Survey Administrotion

Preliminary survey administrotion and planning must be started and maintained
as soon as the nacessary materials are available. Selecting the survey clas, plotting
noise zones, and determining the numbar of measurements to be made are steps

fundamental to smooth startup and operation of the program, and normally should not
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3.5.4  Survev Adminicirerien (Continwed)

ce pestponed in deference to other program cspectz. In cddition to centinuing inte
the procurement and menpower aspecis discussed above, armingements and scnedules

should be established as early os possible for menual or computerized data reduation

and report writing.

3.5.5 Survey Crganization

Before measurements can begin, procedures must be set for the distribution

and check~in of equipment, preporotion and distribution of field packets, and

scheduling of field items, These items con be timewconsuming, end should be started

as early as pessible in the program.
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Secrion

3.8

EXAMPLE DOCUMENTS TC BE INCLUDED
IN A
FIELD NQISE MEASUREMENT PACKET

Cover Sheat : L.
General Instructions
Equipment Checklist

Microphone Placement Figure (not included here ~ scme
as Figure 3-15)
Microphone Locution Detailed Map (not included here = to

be provided by the operaticns manager)

Example Deta Sheet

Blank Data Sheet

Example Lotter of identiﬁcnﬁcn, or
Example Card of Introduetion

323
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Sites to be Mecsured:

Packet Number:

Schedule Time Period:

Team:

Team Mempers:

Soun;i Lave] Meter:

Manufacturar/Model:

Serial Number:

Calibration:

Telephane Number for Assistance:

/
Date Hours
/
Sat to dB End dB

Cm—————
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FIELD NMOISE MEASUREMENTS — GENERAL INSTRUCTIONS

Refere Lacving for Field

|
2.

1.

Check equipment against equipment list for omissions,
Check meter batteries.
Calibrate meter if o calibrator is not taken into the field.

Check site maps for clerity — sk questions regording preper microphone locations.,

Plen sequence of site visits.

At Each Site

Locate the exact intended microphone loeation.

Adjust to o new location if necessary, os close as practicol to the original one, but
not closer than 3m (10 ft) to large walls. See cttoched figure for microphone
location near buildings along roads.

Park car at least 15m {50 ft) from micrephene leestien. .

Test meter batteries,

Set meter to A=weighting, slow = (fast for milroad noise levels).
Calibrate meter {if calibrater available in field). .

Sat micrephone an friped with windsereen ot 1.2m (4 #) height.
Fill out data shaet heoding. '

Begin mecsurements = "snapshet” reading wvery 15 seconds for 20 minutes,

. Record identifiable intrusive sources cousing the “snopshot” reading to rise 6 dB or

mers above the normal central tendency of the needle,
In cuse of rain = stop measurements at once and keep meter dry. Lo net attempt

to confinue measurements under an umbrella.

After Measurements

ll
2.

Record meter ealibration (if colibrator is available).

Complete comments and other information in data sheet heading.

After Return to Operations Base

1.
2.
3.

Total the neise lavel markings for aach 2 dB range on aach dota theet,

Recard meter colibration (if not done in fiéld),

Have data sheets checked by operations supervisor before leaving.
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FIELD NOQISE MEZASUREMEMT EQUIPMENT CHECKLIST

Equioment Sucplied by the Program

[ARARRRARRN

Equipment to be Supplied by Field Parsonned

T,
2,
3.
4,
5.
s,
7.
8.
g

+

10,
AT

Sound level meter

Seund leve] meter calibrator (if calibration dene in field)
Calibration screwdriver (if calibrotion done in field)
Stopwatch, sweep-second-hand waten, or timer

Tripod

Clipboard

Microphene windsereen

Simple wind speed indicater

Alr temperature thermometer

Extro hatteries for all equipment

Identification card or letter

12.

13.
14.
13.
16.
7.
18.

Timewof=day watch
Lightweight portable chairs, if desired
Writing pens

Lantern, flashlight or chemical lightstiek (for night measurements)

Parsenal identification
Hat for sun protection

Sunglasses
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Exumple ldentificarion Larver

City Letterhead

COMMUNITY NCISE MEASUREMENT PROGRAM

The Comnunity Noise Measurement Progrem is a
study to mecsure noise levels in the locz| community. A noise mewsurement
team will ke conducting measurements of cemmunity noise throughout the
City for the next severcl days. The resulting information will be used by
cemmunity (eaders so that they can more affectively reduce noise-relored

problerns and improve the quelity of life in .

The noise measurament process requires only 20 minutes and is
completely non-disruptive, We ask that you axtend your cooparation fer

this short period so that we may perform o noise measurament naarby.

If you have any questions about our werk, plecse coll

The Quiet Communities Frogram

Thank you.

|
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Exampie ldentificarion Card

City Letterhead

To Whom It Moy Concern:

. The persons presenting this letter are members of a municipal
noise measuremant team, They will be conducting measurements of
community noise with other teams throughout the city for the next few
days. The noise measurement process requires only 20 minutes and is

completely nonedisruptive. Any cooperation which you con extend o

this team will be greatly appraciated.

Sincerely,

(City Official)
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DATA REDUCTION AND PRESENTATION

Section 4,1 Intreduction

This chapter presents step-by-step grocedures for the reduction of noize survey
data to general deseriptions of the community noise environment, Each secrion of the
chapter treats a different specific portion of the data, or completes one or more of the
extre survey fectures. Most of the procedures employ simple worksheets, tabulated
information, or besic arithmetic caleulations. The fundamental formulas fer all
pracedures are furnished, allowing the user to bypuss worksheets or tobuleted methods,
if desired, and perform the duta reduction mathematically. A computerized procedure
for performing the data reduction described in this section is available from the EPA
Office of Noise Abatement and Controf (ONAC), Within each section of the chapter,
proéedures are given to apply the selacted extra survey features to Class [ or Class II
data. Section 4.2.2 describes the primary reduction of basic date from either ciass of
noise survey, and the procedures of this saction must be followed for any program,
Boyend this, proceed to the additional sections which treat the extra survey features
included in the program, and follow the steps for the ¢lass of datu ot hand, At the end
of each saction are instructions for the graphical portrayal of the resulting information.

Section 4,2 Reduetion of Basic Dato

4.2,1 General Approach

In this section, procedures are given for the primary reduction of basic survey
data. The methods of Section 4.2.2 must be carried out for all surveys, regerdless of the
survey cless or the number of extra features which have been incorporated, These methods
summarize the information recorded on the field data sheets using simple worksheets and
caleulations to arrive of an uve:ﬁ‘g'e L dn value re presentative of each noise zone measurad.

The sequence of operations is shown in Figure 4=1, which can be used es a guide when

TR FRRERE Ak W el el A
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£,2.01 Ganera! Azzrsach (Conrinued)

pregressing through the step-bDy-step insiructions end Werksneet 4= 1, Many of the
sections are written principslly for Cless 1 dota, with cdditione] procadures to
gccommedate datc from a Class 1l survey. Section 4.2.3 can be used to determine
aporoximate heurly variations in environmental noise levels, but this normally can
only be aceemplished for Class 1] date, At the end of the twa sections are instructions

for graphical portrayz! of the reduced data.

4.2.2  Proceduras for Determining Lén

STEP 1 = Organize Data

a. The noize meusurement survey ocata consist of one or more completed
date sheets for each 20-minute mecsurement. Group these dafa sneets
according to noise Zone. Then within each noise zone group, teparate
the sheets for daytime and highttime measurements, If a Class Il survey
has been performed, divide the daytime and nighttime groups accerding

to weekday and weekend.
b List each measurement site in Column 1 of Worksheet 4=1.

Usa o saparate worksheet (or group of worksheets, as required) for each noise zone, List
each site only once even if it was measured twice (i.2., during the day and night). If

a Class Il survey was performed, use separate worksheets to list week and weekend | :
measuraments in each noise zone. Indicate the noise zone and week or weekend

measurement in the spaces provided at the bottem of the werksheet.

STEP 2 ~ Calculate Leq for Each Neisa Maasurament

Use Worksheetr 4=2 to caleulate and record the Leq value for eoch 20=minute
measurement aecarding to the following procedurs. These steps ore repeated in abbreviated
form on the worksheet aleng with a short example. Leq valuas caleulated for doytime
measurements will be given the symbel L 3 and values for nighttime measurements will

be symbolized as Ln' Normally, a site will have been subjectad to a 20-minute .

43
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Worksheet 4-1

fasle Data Reducilon for Class 1 or Cluss Il Survey
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Worksheel 4-2

Compulational Warksheet to Hand-Calculate Log from Sound level Meter
Measurements Recorded on Dac’a Leg

A 8 < b DAIA HEQUIREMENTS:
Molse
Level Relotlve flolotlve Total . Eoch nalse reading 13 1aken ot a 15-second
Band, B Count Neolsu Eneigy Nalio Encrgy Interval between meatuienenis
00 TN = . Facl nolie level secardud I the lnstantansow
98 : 50' on = o "maplot" reading
{4 A
94 x 420 = STEP PROCEDURE
92 (2 _— ——
70 : ':‘;‘g(:g : a Enter number of counls per nobsa tevel in Column B,
gg % 5:0!0 a b Multiply the counts Tn Column B by 1l number in
04 X 3, 160 " Colunn C ond enter the resubt In Column B, IF the
02 X 2,000 = resodl I8 less thun 100, round i1 off ta the ncarest tenth.
80 A ‘g‘;? : c Add all values in Column B to determing Sum B, add all
74 K "l)‘l - volues In Coluows D 1o determine Sum O and dlvide
7% : E}II{: - Sum I by Sum B, Hibe quoticnt {3 less 1an 20, compute
4 " 200 - it 10 the neotest 1enth.
72 X 26 = v Locate the volue In Column G that §s approximatel
70 PP 14
&0 x 79.4 = equal 10 Sun D/Sem B, The coiresponding volwe in
&b * 50, = Column Al equal 1o L, buerpolute 1o the nearest N
o4 X 1.4 = hatl declbel. 9
20,0 a r
&2 E
40 : ;2; : EXAMPLE Uilng Sleps o Huough d glves
58 = .
54 : 5?6 : Glven tho follavdug A ¢ « b
g; 1 2.00 = count data, find L g; 7% 2,000 =__4.000
50 : 'Fg: : Nolse Numbee of BO g : l‘g:;'f: : 3 ‘)}'g
:2 X “E01 = Laval Oceuitenceoy :7'2 i = rth - S:Sii
" x eI = B 20T A 3163 1,244
3 % .200 = 82— M 0 x 200 = i
:0 X N6 = 1T . SN, 72
18 " 079 = 70 | Sum i = 22 Sum D = 14,745
x 050 = 74 1 L] y
g‘: % 0315 ) 74 11! Sum D/Sum B = 470 I I..u( = F0dbe
a2 X ,0200 - 72 A= )
a0 = 0126 = “by llneas intarpalatlon In
Column C and Culumn A,
Sum‘ﬂ - SumbD = _ ) Slia; [:I Wauk . D Duy
Sum D/Sum B = L = i) :
uq —_— D Waekend D Hight
o - SRR J— e e et e e atreen e+ b et bt i T A e it ot e
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Frocedures for Cerermining L, , Step 2 (Centinued)

measurement ne more than once for each of four time periods — weekday and night,

and weekend day and night. However, if a site does get mecsured twice during the

same period, the exrra date ean be usad by combining data fem borh measurements on

the same Worksheer 4=2 :o determine @ combined Leq.

g.

b.

-1

from the measurement data sheet, enter the number of counts that
were recorded in each 2 d8 interval an that data sheet into the same
interval on Worksheet 4=2. Make the entry into Column B using the
intervals shown in Column A. In the example shown on the worksheer,
the Column B entries were: two counts in the 82 dB to 84 dB interval,

no counts in the 80 dB to 82 dB interval, five counts in the 78 dB to
80 d8 interval, stc.

Now, for each 2 dB noise lavel interval, multiply the number of counts
recorded in Column B by the Relative Noise Energy value given in
Column C. Record the prclducf in Column D. The resuiting products
will normaily range from vary small ro very iarge numbers, but these
mulfiplicafi.ans can easily be handled by any small electronic calculater.
Reund off all products to the nearest whole number, except if the product
is less than 100, round it off to the nesrest tenth.

Continue by adding all of the count values which were entered inte
Column B and also adding all of the values in Column D. When a sum

is obtained for each column, divide the sum from Column D by the sum

' from Column 8. Record this quatient in the allotted space in the lower

partion of the worksheet. For the given exampie the sum from Column D
was 14,745 and that from Calumn B wes 22, Thus, the gquetient was
14,745/22 = &70 to the nearest whole number. [f this quotient is
smalier than 20, compute it to the nearest tenth,

4=5
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Pracedures for Darermining L-*'n’ Step 2 {Continues)
™

d.

To finaily determine the Le ¢ locate the Sum D/Sum B quotient emang

the values listed in Column €. The noise level vaiue in Column A that

correspends fo the position of the quotient value in Column C is the Léq

for the entire 20 minutes of dota. Determine this noise [evel value to
the necrest hulf decibel by interpolation. in the given exemple, the
Sum D/Sum B quotient of 470 is betwaen the Column C values of 501
and 794,

The Column C value of 301 corresponds to the middie of the 76 dB to
78 dB interval, which is 77 d3. Likewise, the Column C value of 794
corresponds to the Column A noise level of 7% dB, The interpolation

would proceed es follows:

Column A Value Column C VYalue

7% db 794

L to be found 470

eq

77 dB 50

794 « 501 =293
670 = 501 = 169

79 dB«77dB =2dB

= .lé.?. e =
Leq =7748 +293x.. dB 78.2. d8 .cr 78 d8.

-An aiternative methed for determining the Le of each rmeasurement by
direct compuiation instecd of Worksheet 4=2 may be used if desired,

The calculation can be performed easily on most scientific electronic
ealeulaters, The Leq of a 20-minute measurement may be calevicted

Qs
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2 FPrececures for Derermining Lc."w’ Step 2 (Continued)

where

LI/Io
_ ! ,
Leq—10|oglogl—\-‘z p - 10

( i=]

A= NMumber of counts in the ith 2 dB interval,

N = Total number of 2 dB intervals included in the data.

i = Summatien index for the 2 dB intervals.

L. = Middle noise level value for the irh 2dB inrerval {i.e., if
' the interval is 76 dB ro 78 dB, the Li is 77 c8}.

When the Le value for @ measurement has been determined, record It

on the appropriate page of Worksheet 4=1 for its particular site, If

the survey is a Closs 11, be sure to use the carrect worksheet for week
or wackend measurements. 1f the measurement was made during daytime
hours, list the ch value in Column 2 of the worksheet headad L,. for
nighttime measuremants, enter the 1.e value in Column 3 headed Ln‘
For sites that were measured both during the day and night, Leq values
should be entered for both Ld and Ln in the row for that site. Example:
Ld and Ln values for a Class [ survey are shown recorded in Figure 42,
Nete that, for the Class | survey, only eight measurement sites are used

in the residential noise zone, and only five nighttime measurements are

‘made. Also, go baek and record the camputed Leq value directly on the

measurement data sheet in the "comments"” section using the form:

L = dBl

R

4-3




Worksheet 4-1

Basic Data Reduction for Class 1 or Class I Survey
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Figure 4-2. Example I.d and L“. Values Recorded on Worksheet 4-1
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4,2.2  Procedures for Datermining L. {Caonfinved)

-

STEP 3 - Determine Lc'n for Sites with Day end Night Mecsurements

For eqch site listed on Worksheer 4= thet has both an Ld and Ln value,
determine the Ldn using the following procedure. The procedure is detailed and must
be followed ciosely. The result will be an Ldn value derived directly from doy and
night measurements ot the specific site, and thus will be called the measured Ldn' The

entire procedure is iilustrcred in Figure 4=3 for our example Class I data.

a. Subtract the value of Ln from the value of Ld' Nate that if the volue

of Ln is larger than Ld’ then the resulting difference will be negative.

b. Locate the vclue of Ld - Ln in Column 1 of Table 4~1, and read the
cerresponding Day-Night adjustment, o, from Column 2, Recerd 3

in Column 4 of Worksheet 4u1,

c. Now add this adjustment, A , to the wlue of Ld to obtoin the megsured -
Ldn for the site. Record this Ldn in Column-5 of Worksheet 4-1 to the
nearest half dB.

STEP 4 Calculate the Average Day-Night Adjustment, Aq, ., for Each Noise Zone

. Fer each residantial noise zone within a given survey area or, for other
types of noise zones, for ail zones in the city (i.e., all miner roadway
zones), add all of the 4 varlues listed In Column 4 of Worksheat 41,

_Enter this total at the bottem of Column 4 on the last worksheet for ecch
“neise zone. The torl should be shown to the nearest 0.5 dB, Fora

Class Il survey, add the A values for week and weekend measurements

————— e

sepamtely, arriving at separate totals for eech in each noise zone. An
J illustration of this addition based on example data is shown in Figure 4=4,

b. For sach noise zone, caleulate the average day-night adjustment using
Column & of the worksheet. First enter the~total which was recorded at

4=10




PORTION OF WORKSHEET 4-1

PORTION OF TABLE -1

RS~

595

ke

©l5

54

R7

b

S8~

R 62 — — —
TOTAL TOTAL
Wl Shavty

A i e T e

|

EXAMPLE; Sita R1

Ly~ L, =62.5-54.5=8

BASIC DATA REDUCTION FOR CLASS I OR CLASS Il SURVEY DAY -NIGHT ADJUSTMENTS
LR A B T T B B X oY T Lk T W S T R L R LA il 2 S ST IR L =P TLTHS TIPS oW PR © S VT (s |
2 3 4 3 Day~Might
= - - - La ~ Ly (IB) Adiustment, A (d
Adjustinent, A (dB)
sue D W Ak i ) 1357515,0 =10
{Siep A ;——'—'(:: _.;-'—_-_%:.‘I_““——«___‘ - 0,4 __
[} p 2, Siep 2, ap Jl, ety . k
fSter 13 w».‘ks.l..p.o 4-2) Wm{hll-:uzi-l} lulfln 1%%.‘; %) _5“5!,?"“9]' 2o :u}? Tt
> I\ — 3o B0
Rl 625 | 545 L0 63.5 X0 A LN B e
R2 s 58 20 66,0 50 5.5 N I
n ._,, .5 ‘Q\;\,@
R3 . t — AN
R4 b5 St 650 e =S

Ly =lg +8=62.5+1.0=63.5dp

Figure 4-3 Example Determination of Measured Ly,
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Table 4-1 . ’

Day-Night Adjustments for Estimating
Day-Night Sound Level, Ldn (dB) -

- IV BYILY AQUY DD

] 2 ] 2

I'd - Ln (dn) Day-Night Adjustmusnt, A (dB) L'_| - l." (JB) Day-Right Adjustmant, 4 (JB)
19.5 10 40,0 -2.0 - 0.5 7.0
15.010 17.0 -1.5 ~-1.50r 1.0 7.5
12.510 14.5 -1.0 - 2,0 8.0
11.0106 12,0 ~0.5 - 2.5 8.5
2.510 10,5 0 - 3.0 2.0
8.5ar 9.0 0.5 - 3.5 9.5
7.500 8.0 1.0 - 4.0 10.0
6501 7.0 1.5 . - 4.5 10.5
6.0 2.0 - 5.0 1.0
5.00r 5.5 2.5 - 5.5 11.5
4.5 3.0 - 6.0 12,0
d.50r 4.0 3.5 -~ 4.5 12,5
' 3.0 4.0 ° - 7.0 13.0
2.5 4.5 ’ -7.5 13.5

1.5ar 2.0 5.0 - 8,0 14.0 -

1.0 5.5 - 8.5 14.5
0.5 4.0 - 9.0 15.0
0 6.5 - 2.5 15.5
-10.0 16.0
Nota: Theso volues are based on Ihe relatlonship: ~10.5 16.5
[ (Ld'l'n)' 10 -11.0 17.0
-10 -11.5 17.5
A= 101ogl0.375 x 1D +0.625] , db -12.0 16.0

ond I'dn s ostimoted from I.d + 4, db
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4,2.2 Procadures for Derermining L_;__‘, IZrep 4 [Conrinved)

i

the bottem of Column 4 into the first space of Column 4. Now enter
the number of sites at which day cnd night data wefe obtained into

the second spoce in Column 6. Complete the calculction by dividing
the total in the top space by the number of day-night sites, and

record the gquctient to the nearest 0.5 dB. In the example of

Figure 4=4, the Aave velue is 0.8 dB and, rounded to the nearast half,

is 1.0dB. for c Cless Il survey, caleulcte A ve separately for week and

weekend mecsuremants in each noise zone,

STEP 5 ~ Determine Ldn for Sites with Doy Mecsurements Only

Se far, Worksheet 4=1 has been used to calevlate Ldn only for sites having a
measured Ld and Ln. Also, an average day~-night adjustment, Aave' has been determined
for each noise zone. Follow the procedure below to datermine Ldn for the remaining sites
using Ld and dave )

a.  For such site in Workshear 4u1 for which only L, was measured,

estimate L dn according to the formula

d

Ldn=Ld+A

ave

where
Ld is the measured daytime l'eq for the site and is recorded in Column 2,

and

-Aave is the average day-might adjustment for the noise zone of the

site and is recordad in Column 4.

Racerd the caleulated Ldn vaiues in Column 7, headed "Caleulatad Ldn’ "

to the nsarest 0.5 dB,

b. In the example shown in Figure 4=4, sites R3, RS, and RB requirs o
caleulated Ldn value, For site RS: '

4=13
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Workshaet 4-1

Basic Dala Reduction for Class 1 or Class 11 Survey

Ly 2 2 k) EH voe k N
siE L, ld3) L (0l A ue) MEALSU'E?) a,,, (40} CALCUILATED AVE2SGE
- I e s R tyb
(Step 1) {from Voikihea 4-2, | (fom Workalieat 4-2, [ (from Tabla 41, *Col, 214 Col, 4, (Step 4b} {Col. 6-Cal, 2, {Step &)
. sao Slep 2) sce-Siep 2) sea Step L) Step 32) Step 3)
R RS SLS /- 0 (-3 5 ol 3028
Col, & T
pﬂz' é 61 f(P 72 : o é é - 0 Tolal from "/‘o 0 Tatal _P ‘r,
1 . el
K3 A - i Ml b 650 o, RS
’Q‘lé - é{ ‘ré 0 é\{' 0 Mo, of f i‘;:::' S-:./_/_._.
Dapsnile =i
t‘?-( -5191 ( - _ - Shes GO0 S o £
LI . tHo, &f i —
pé .IL“! G/o( _{( 5:2,,0 éj,o Sitar
i avn -
K7 bb S/.8 | —/o AR . e Loy
lolul 3 Mo, Sltes J Sum v Ha. Sires ‘)C
QP évaL — — —— . _Q_E.ﬂ L3.0 ‘ .-A..__/zz.._-
Rounded to
HNeareu 0,5 a8,
buve = £:0 U8 .
JotAL % d IOIALJ‘Q&'( 101AL ’-’-‘-F—'P:——-
This Shaeny Nolje Zona _J_/&f-rfb&-ﬁ/m} £l Puga of i

Viech
{7 Wlechand

Figure 4-4, Example Completion of Woiksheet 4-1 to Obiain Average Ldn
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frececures for Derermining L, , Step 5 (Continued)
g S :

oy

L =Ld-?-_x

dn ave

=59.5+1.0=40.54dB

to the nearest 0.5 dB.

For Class [I survey date, separcte dave values will have been czlculated
in Step 4 for week and weekend data in each noise zone. Be sure to
apply the correct Agve value when ealeulating Ldn for week and

weekend mecsurements.

STEP 6= Calculate Avercge Ldn fer Ezeh Neize Zone

[+

For each noize zone, odd the mecsured Lc."n velues listed in Column 5
of Worksheet <=1, Enter the totcl to the necrest 0.5 dB in the space

at the bottom of the column. In the same monner, add the caleulated
L, wvalues listed in Column 7 and record the total, For Class 1] deta,

dn
prepare separate totals for week and weekend measurements in each

noise zone.

Calculate the average Ldn for each nolse zone using Column 8 of the
worksheet as follows. The completed example is shown in Fgure 4=4,
Enter the total from Column 5 into the top space of Column 8, ond
enter the total from Column 7 into the second spoce in Column 8, Add
thase two voluss, end record the sum to the necrest 0.5 dB in the

indicated space in Celumn 8.

Now eount the total number of sites listed on the worksheets and entar

this number into the labelad space in Column 8. Compute the average
l.dn for the zone by dividing the sum of all the measured and ealeuleted
site Ldn values by the number of sites as indiested in Celumn 8. This
quatient, to the nearest whole decibel, is the averuge Ly In the
example, the sum of all site Lin values is 51] and thera ware aight sites

providing these data. Thus, the spatial averoge Ldn is coleulated as:

4~15
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Proceduras fer Darermining L“"\.' Step & (Continued)

E1R 83.9 or &4 dB to the neurest deeibel.

8

. For Class [I data, calculate average week and weekend Ldn values
fer each noise zone using the procedures of b. above. Then, combine
the week and weekend values into an average Ldn value for the entire

week aceerding to the formula:

Ldn (entire week) = Ldn {week) + 10 leg [(5/7) {1 +0.4- TO{AW/E)/.'O]

whera
*

AW/E = Ldn (weekend) - Ldn {week).

This value may be recorded at the bottom of Column 8 of the week or
weekend worksheet if clearly labeled "7-day average Ldn." Recall
the approximate ?5% confidence limits of the Ldn value: 246 dB for a
Class | survey, and 24 dB for a Class Il survey.

d.  Fer airport noise zones, the L dn value taken es representative of the
zone must be based on the pradicted airport noise contours which were
used to establish the noisa zone boundaries. For the purpeses of this
guide, the Ldn vaiues in the airport noise zones will vary in the
following approximate manner. For eirport noise Zone A, the Ly will

.change from 85 dB ot the zone center to 75 dB at the outer boundary.
For airpert neoise Zone B, the value will vary from 75 dB at the innaer
zone boundary to 65 dB at the outer boundary. Thus, if @ noise zone
extends completely betwesn the airport noise contours that defined the
zone, then asign the average neise level value as representative of the

whole zone; i.a., 80 dB for Zona A or 70 dB for Zone B,

“For most community noise sites, the value of AW/E falls in the range of -3 to =10 dB and
L. (entire week) is about 1 dB less than L, (week). Note that @ weighted arithmetic -

average will normally be within 1.5 d8 nﬁ%e true energy average.
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4.

2

.
.2 Procecures for Derermining L, Step é {Continued)

If, however, the neise zene boundary dees not completely bridge

the space between the airpert noise contours, but includes only

fringes or edge porriens of the contour areas, then assign an averoge
value based on the proportion of the contcur interval included in the
zone. For example, as seen in the illustration below, if the noite

Zone B included only the outermost one-quarter of the distance hetween

contours, then the approximate average Ldn value for this zone will be:

55—}-[65'?'(75'55)’(0'253:5‘5 25 er 46 8

2

Noise aireraft noise
confours

Zone 8

L. =754d8
dn

L, =65dB
n

d

Alternatively (see illustration below), if only the inner one=quarter

of the contour interval was included in the zone, the approximate

average L dn would be:

75065+ (752 45) x 0.75) . 73 75 o 74 ap,

i
i

4=17
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+.2.2

Proceduras or Derarmining L " Srep & (Continved)

Aireraft
Noise Contours

STEP 7= Frepare Presantation of Ldn

Once the L an values for the noise zones have been determined, they can be
displayed in one of two ways. [f extra survey features A and B or G have baeen
incorporated, the method given in Section 4.3 for the display of L dn’ L.l , and L90 on
the sama chart sheuld be used, If thass extra focturas are not included, display the L dn
values as shown in Figure 4=5, This type of display illustrates the relative differences

inlL dn batween di ffarent moise zones, and also shows the relative acsuraey attributed
to the individual values.
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Doy-Night Neise Level (d8) (1)
Siies I ! I ] I ' ]
() | | I
Residenticl g [ & }
i i
Commercial/Industrial 7 | (o3 |
f
Highway & [ (& |
) |
Mejor Roadway Zone A 5 [ |
Major Roadway Zone 8 é [ >
Minor Roadway 6 L& ]
, (<)
Railread ] | <>
1
Airport Zone 8 @) ) 0 [
NQOTES: L
————ira dn
| &) ]
) Noise lavels are the spatial (arithmetic) =& d8 o dB

average over sites in each noise zone.

95 Parcent Confidanca Interval

(2) Airport noise levals are estimated based
on predicted airpart noise contours.

(3) Conflidence limits for oirport and railrcad

fones are approximate.

(4) For simplicity, only one of the residential and miner rcudwa‘y

zones are illusirated hare.

However, the recommended

sampling procedure outlined in Section 3 specifies more than

one type of zone for each.

Figure 4=5, Example L an Presentation for Class I Survey

4=19
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4,2.3  Precsdures for Derermining Hsurlv Noisa Level “aricticn

These procedures result in a dicplay of the weekd=zy hourly noise lavel variction
in the community using enly datc from the basie noite survey, (Hourly varictions during
the nighttime and weekend are normally not considered since the basic temporal
sampling plen is limited. However, hourly variations in noise level over these periods
may be aveilable from any 24«hour menitoring site employed.) The following sequence
of steps will normally only be performed in conjunction with a Class I survey on a “per
noise zone” basis. However, the procedure may be used witha Class I survey if all the
data frem all noise zones investigated are aggregated into one tet.

For a Class II survey, it is recommended that the data from the readway noise
zones that were included in the survey be condensed, forming the following noise zone
categories:

e  Residenticl (High, Medium and Low Density)

e  Highway

®  Major Readway (A & B8)

s  Minor Roadway (Migh and Medium Velume)

o  Commereial/Industrial

¢  Staticnary Seurce.
Follow these steps for each aategory,

STEP 1= Prepare Tabulation Sheet

Prepare a dota tabulation sheet for each hour of the day during which measurements
wers made; i.e., 9:00 to 10:00, 10:00 to 11:00...4:00 to 5:00. Eoch tabulation sheet should

contain columns for Leq and site designation. A sat of hourly tabulation sheets should ba

prepared for each noise zone catagory as explained above.

STEP 2- Review Dama

In Section 4.2.1, the ch for each 20-minute data sheet wes caiculated and
racorded back on the data sheet. Raview the daote sheets from weekday measurements, and

record the site designatien and Le of each measurement onto the tebulation sheet which

'
——— e



TR S agakg

2.3  FProcedures for Derarmining Hourlw Noise Lavel Variatien, Iten 2 (Continued)

contzins the midpeint of the mecsuremenr time intervel. For excmele, = mecsurement

made during the 20-minute period of 12:55 PM 1o 1:15 PM would ke listed on the

tabulation sneet for 1:00 PM 1o 2:00 PM.

STEP 3~ Calculare Average Leq for Each Hour

For each hour (tebulation sheet), czlculote the average measured Leq by
adding all of the Leq values measured for that hour and dividing that sum by the

number of measurements. Round the quotient to the nearest whole decibel, Record

the average value on the tabulgtion sheet.

STEP 4~ Display the Hourly Variation of Leq

Cnee the gverage Le vajue for each hour has been caleulated, this value
along with all of the measured values for the hour can be effectively dispiayed in g
chart similar to Figure &6, If daytime haurly values of L, and Lyqare to be
detarmined under extra survey features A and B, then present all thres measures

together as deseribed in Section 4.3.

4-21
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Secrion 4.3 {Lcleuicrion of L, L"O end Cumularive Disiriburion
VTF

{Extra Fectures A, 5, and G

4,3,1 General Appreach

In this secrion, the calcuiotion of statisticnl noise levels is perfermed using
only basic survey data. A maristical level is thot noise level rhat is exceeded a
certain percent of the time; i.e., 70 percent for L‘?O' ror the data reduction performed
here, the time parcentages will ke represented by the percentage of "snapshot” noise
level readings taken at ¢ site for which a given noise level wes exceeded. Thus, this
section invelves @ ceunting of the numkber of readings which oczurred in ecch 2 dB
interval. The procedures of Section 4.3.2 can be followed using dete from either o
Class | or Class 1 survay, but section 4.3.3 should only be followed for Class Il data,
Due to the extensive manucl counting process invelved, the sumulative distribution
esleulations included in Section 4.3.2 require substenticl lebor effert and the results
provide important data for only a faw of .*h;-e survey cbjectives. Thus, if available
resources for data reduction are limited, this option <an be omitted to save considerable
laber and sacrificing only limited informatien. This consideration, however, is of no consequence
if the computarized data reduction package is used. Each section concludes with

metheds for graphical presentations of the reduced data.

4,3.2 Caleulation of Avarage L.I o L?O and Cumulative Distribution for Each MNoise Zona

The det'ermincfion of L!O and L,?0 ¢an be done for Class | or II data, The
procedures are written in terms of Class II data, and can be applied to Class | data by
simply omitting the procadures indicated for weekend data. The cumulative distribution
will normally not ba determined for @ limited survey effort such as o Class [ program.
Proceed through the following steps for each noise zone, referring to Figure 4=7 as

required for sequence perspective.

4=23
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STEP 1 - Scrt Dots
# Separate Week =nd Weekend

o List Day~Night Sites on Worksheet 4=3

l

STEP 2 ~ Enter Day and Night Counts for Each Sire
¢ Use Data Sheets and Worksheet 4=4

l

STEP 3 ~ Add Dav and Niant Count Values
s Use Werksheet 4-4

|

STEP 4 = Celeulate Percentage of Totel Counts

o Use Worlsheest 4=4

STEP 5 - Determine Siatisticol Noise Levals
s  Use Worksheat 4-4

|

STEP é = Determine Average Statistical Moise Levels Per Noise Zone

s For.Both Week and Weekend
¢ Use Worksheet 4=3

0

STEP 7 =~ Caleulate Entire Week Statistical Neise Level Fer Eech Noise Zone

]

STEP B = Prepare Graphicai Preseniation

B P PRS-

Figure 4=7 Data Reducticn Soquence for Determining Statistical

Noise Levels From Bosic Date

4m24
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4,2.2  Calcularicn =f Avercge LT”' L?C a

ng Tumulative Distriburien (Canrinued)

~

STEP 1= Sort Data

-

Ca

for each nsise zone, separate the dota sheets into groups for week and
weekday measurements.
The only data which will be used are these for sites at which both day

and night measurements were made. Identify the deto sheers for week

sites having day and night measurements and also for weekend sites

having doy and night measurements.

Record these site designetions en Worksheet 4-3, Prepare saporate

worksheets for week mecsurements and waekend measurements in each

noise zope, -

STEP 2- Count Numbers of Recordings

For sach site, locate the day and night deta sheet. On each shaet, the
number of “"snapshot” readings taken in each 2 dB noise level interval
should have boan snterad by the field team into the column labeled

“Total ," If this was not done, compute the missing counts,

Prapare o Worksheat 4u4 for each site by writing the sita dasignation and
week or weskend in the lowar portian, and enter the naise lavel counts
from the daytime data sheet in Column 2 of the workshest. Then enter
the counts from the nighttime data sheet, muitiplied by 0.4, inte
Column 3 of the worksheet. The nighttime counts must be fhctored by

“six=tenths since the night period they represent (10:00 PM to 7:00 AM)

is only six=tenths the durction of the daytime peried (7:00 AM ta 10:00 PM),
The counts from the sample daytime data sheet ot the end of Section 3 are

shown entered in the worksheet in Figure 4«8,

4=25




Worksheet 4-3

Calculotion of Average Statistical Noise Levels in Decibels

Site L L L L L, L L I L L L
{Siep 1) ] 10 20 30 10 50 40 70 80 90 29
=
[]
&8
Sum
Averaga
(Total = No. Sites)
Total Na. of ShaiIn this shoot Nolso Zona Pago of
Waek
Weekend
!
\

= 1Y HYIVY AUV L0
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YV orksheet 4-4

Determination of Statigilcal Moise Levels for a Single Site

Ilup ‘!’nfuu
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3
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Figure 4-8. Example Use of Worksheet 4-4
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Coleuvierion of Average L., L

and Cumulative Districurion \Continu=d}

L)
P

~{)

¢

STEP 3 - Add the Day and Night Caunt Volues

Q.

b.

For each 2 dB noise level interval, add the counts from Columns 2

and 3 and enter the sums in Column 4. This comnleted process is
shawn in Figure 4-8,

Now successively add the values in Column 4, beginning af the top,

and enter cumulative total into Column 5 as shewn in Figure 4=8.

STEP 4 - Cclculate Percentages of Total Counts

For the desired statistical levels, celeulate the associoted pereentages of the

total number of ccunts in Column 5 to the nearest tanth, For example, suppose if is

desired o determine L? and L90, then 1 percent and 90 percent of the total number of

counts should be czleulared. In Figure 4=8:

Total Number of Counts {Column 5) = 128

1% of 128 = 1.3
90% of 128 = 115.2

STEP 5~ Determine Sratistical Neise Lavals

To determine the statistical neise |evel for sach percentoge desired,
compare the volue calevlated in Column 6 with the values of Column 5.
Begin counting down Column 5 to a place where the cumulative total
equals the valve from Column &, The noise level (Column 1) corraz=
-ponding to the lacation of this value in Column 5 is the particuiar

statistical noize level. Interpoiate to the nearest whole decibel, ond

record the vajue in Column 7.

Examols (1)
For LT’ the value from Column & in Figure 48 iz 1.3, Counting down

Column 5, we find that 1.3 is contuined in the space between 70 and

72 dB. Interpolating in this end noise level interval,

4-29
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4.3.2 Cglculotion ef Average L'l’" L""O and Cumuic:ive Distribution, Step 3 (Canrinued)
] B

Neise Level Column 5 Count
72 dB 0
L.I to be found 1.3
70 dB 4
72~ 70=24dB 0-4=- 44dB

1.3-4=<2,7dB

L =70+ (‘i"') x2=71.40r 7] dB

o Examsle (2)

For L‘?O’ the value from Column & is 115.2, Comparing 115.2 to
Column 5, wa sae that it lies between $B and 117, Now, let the
count of P8 corraspond to the middle of the 46 dB to 48 dB noise
lavel rmange, which is 47 dB, Similarly, let the count of 117

correspond to a noise level value of 45 dB, Interpolating:

| Neise Level Column 5 Count
47 dB 98
f' Ly to be found 15.2
45 dB 117
47 » 4532 d8 ) P8-117=2-19 48

115.2- 117=241.8d8

“ 5 gdS-ﬁ(—ﬁ x2=45.2°r45d5.
!
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4,3,2  Calevicrion of Avercge LTO’ L.~ end Cumularive Diszricurion, Srep S (Cenrinved)

b.  Ifan entire cumulative distribution is desired, Steps 4 and 5a cbove must

be performed for ecch percentege listed in Column 6 of Werksheet 4-4,

c.  For each site, record the statistical noise levels in the apprepriate
space of the Worksheet 43 for the correct noise 2one and a week or
weekend, When this step is completed, there sheuld be a week and
waeekend Worksheet 4=3 for each noise zone confuining the desired

statistical noise levels for each site ot which day and night measurements

were made,

STEP 6 - Determine Average Statistice| Noise Levels per Noise Zone

Using the Werksheets of 4=3 which have been prepared, caleulate & numerical
average week cr weekend value of the statistical noise levels for each noise zone. This
is done by adding all of the noise level vaiuves for each statistical value and dividing this
sum by the total number of sites ineluded or-x the sheet. Reeord this crithmetic average
waek or weekend value for each statistical noise level in egch noise zene., For ¢ Class |
survey with no weekend data, these values are the final statistical noise level values,

for a Class 1l survey inciuding weekend data, procead to Step 7.

STEP 7 = Calculata the Statistieal Noisa Level for the Entire Weak in Eoch Noise 2Zone

a. For esch noise zone, locate the Workshaet 443 for week and weekend
values. '
b, | For each pair of werksheets, combine the week and weekend values of

‘each statistical noise level aceording to the following equation which

defines the weighted arithmatic qverage statistical level Ror the week,

L +0.41L
... XWE

x 1.4

whare

L_ = any week=long statistical noise lavel where x is the
percentage exceedence;

. 4=~3)
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4,2.2  Cziculericn of Average L1O’ L30 and Cumulative Disiricurion, Step 7 (Continued)

wa = statistical noise level from week darg;
L o stotistical noise leve! from weekend data.

c. Record the resulting statistical noise levels for each noise zone for
presentation in the next step.

STEP 8~ Prepare Graphice] Fresentation

At this point in the datu reductien, eithar an avernge LI or L90 have been
determined for each noise zone, or a whole series of average statistical noise levels have

been determined to allow plotting of @ cumulative distribution for each noise zone.

a. Ifonly the average L.I and L‘?0 values have been determined for each
noise zona, thess can be affectively presented along with the average
L, asshown in Figure 4=%, This presentation provides c good visual

dn .
description of the range cf noise lavels encountered in ecch noise zone.

b. Ifa cumulative distribution of noise levels is desired for one or more
noise zones, it can be plotted through o saries of statistical noise levais
as shown in Figure 4=10(c). In lieu of the lincar scale shown here for
the cumulative peremntags, it may ba desirable to plot the cumulative
distribution data cn @ standard statistical distrilution graph such as
illustrated in Figure 4=10(k). Further a'ppiicsrions of this latter type

i of presentation are given in Appendix D.

4.3.3 Daytime Hourly Variation of Lo and L.I

In this saclﬁon, the hourly variatien in average weekday L.l and L90 for each
nolse 20ne will be determined for comparison with hourly variations in weekdoy average
0. Ldn' This procadure should be followed only for Class II survey data. The method borrows
| several steps from the previous section, utilizing Worksheets 4=3 and 4=4 oncs again,

Follow the steps below for each noise zone,

4-32
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No. of Noise Leval (63, see kay Below)
MNoise Zone Sires . 45 20 32 &0 85 J0 75
) 1 : ' ! ' ! ! !
. 1 )
T [ <3 N .
Residenticl a0 ; ‘ i ! ! ,
' | [ i i i
_ 2
Cammercial/industrial 42 [ | |l [
j | | |
L { l [ !
Highway 20 ] I i | !
. - 1 lé’ L
Major Roadwey Zone A 20 l [ I
' | | |
{ £ J
Major Reedway Zone B 20 l | { |
j I |
o o | |
Miner Rogdway 20 [ i | |
Railroed 2 ® ’
Airport Zone B 0 %
NOTE: o Noise Levels ore the Arithmetic Average
Over Sites in Each Noise Zene. [ 5 )|
e Railread Measurement Methods Allow L90 Ldn L't

Estimation of Average bdn Only.

¢ Airport Noise Levels are Estimated Based
on Predicted Airport Noise Contours.

o 95 Pereent Confidence Interval for L
Values is £4 dB. ;

Figure 4=9. Example Presentetion of Ldn‘; Ll’ and L,’,0 for a Class 11 Survey
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4,3.2  Deytime Hourly Yerigrien of LCO and L, (Continued)
h i

e s w

STEP 1 - Sort Dato

for each noise zone, callect the dota sheets for weekday (daytime) mecsurements
and separate these according to the hour of the day that centains the middle of the
20-minute mecsurement involved, For example, measurements made from 1:24 PM
to 1:44 PM and 1:45 PM to 2:05 PM would bath be included in the 1:00 PM to 2:00 PM
group,

STEP 2- Count Numbers of Recordings

for each l-hour group of data sheets in each noise zone, repeat Step 2 of
Section 4.3.2, omitting any consideration of nighttime data. Thus, only daytime noise
level counts need to be entered onta Worksheet 44, No nighttime entries will be mada
in Column 3 of this werksheet. When completing this worksheet, be sure to note the

time or heur as well as the site in the bottom portion,

STEP 3= Add the Count Vaiues

- In each worksheat, successively add the values in C'.'.alurnn 2, and anter the
cumulative total in Column 5. This is illustrated in Figure 4=11 for the example data

gresented of tha end of Section 3.

STEP 4= Calculate Percentage of Total Counts

For L, and Ly, caleulate 1 percent and 90 percent of the total cumulative

count from Column 5, to the nearest tenth, and enter these numbers in Column &.

STEP 5~ Determine L.‘ and L?O

a,  To datermine the value of l.7 and Lg,, count down the numbers in
Column 5 until the values in Column & are reqched. The corresponding

noise level in Column | can be determined by interpolation to the nearest
dacibel, For the example shown in Figure 411, the value of 0.8 is
reachad in tha first noise lave] interval of 70 to 72 4B,
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Workihaat 4.4
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Flgure 4-11 Exampla Use of Worksheel 4-4 to Determine Daytime Hourly Value of L' and Ly,




Treeuy romswer Vbl

4,3.8  Dayrime Hourly Vericrion of L"O and L,, 3tep I (Conrinued)
by 4

b.  Record each L.I end Loy on Worksneet <=3 for the correct noise zone
and hour. When this step is completed, there should be a Worksheat 4-3
for each daytime measuremenr hour in each noise zene containing the LI

and L?O values measured during that hour in the =one.

STEP 6~ Determine Average Hourly L.I and L90 for Esch Noise Zane

Using the Worksheets of 4=3 which have been prepzred, ccleulate a numerical

average value of L. and L90 for each heur in each noise zene. This can be done by

I
edding all of the Ly er Log values and dividing by the total number of sites for that hour

ond noise zone. These hourly averages should be rounded to the necrest whole decibel,

and displayed cs described in Step 7.

STEP 7= Prepare Graphicol Presentration

Haurly velues of L1 and L;,0 can ke displayed along with values for hourly
L__as shown in Figute 4-12. Note that the L values used in this figure are the some
as those shewn in Figure 4=6, where hourly Leq was displayed by itself. Note alse that,
in this example, qll 30 measurements from the residential noise zeone were-used,-and the
same humber of measurements were available to ealculate L., ‘ L90 end Leq for each hour

since all data were properly racorded and usable.
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Corz Raduction for Fzilrced Moise Zone

Section 4.4

4,4,1 Introduction

According to the prosedures of Section 3.4.2, Step 3b, only one meqsurement
will nermally have been mcde in the railroad noise zone. If substantial pertions of the
zene sontain morkedly differing fectures, such s densely packed high-rize buildings
and also low density single fomily residences, then g separate measuremant for each
region within the zome should have been made. The data for all measurements consist
of two noise leve! values — one for the engine and one for the car pertion of the train.
In this section, these meosured levels will be compared with predieted levels, and the
differences used to adjust @ predicted Ldn value to an estimated average bn vajue for
each portion of the railrocd naise zone, Follow the steps below for each reiiroad noise

measurement to determine these valuas, A diogrammatic illustration of the procass is

given in Figure 4-13.

4,4,2 Railroad Data Raduction Procadure

STEP 1~ Pradict Railroad Ldn Value, PL

An Ldn value for the maasurament site will ba pradicted based on train
charactaristias which are nominally typical of all trains, This predicted value, cclled
PL, may nat by itself accurctely represent the measurament site terrain, train types or
other specific local conditions, and will ordinarily require the adjustments made in the
following steps.

Q. Racall the equivalent number of cperations for the site, N, which

was determined in Section 3.2.2, Step 5B, Also determine the zone
width (tracks to zone boundary, either side) that was established
in Section 3.2.2, Step Sc for the area containing the site,

4=39
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2 Railrcac Dars Resuction Frocadure, Ster 1 (Cantinued)

b'

Use Figure 4-14 to predict the Ldn value by loearing the disrance Tom
the track o the site on the borrom sezle, proceeding vertically on the
chart to the proper "squivalent number of operaticns" line, and then
left horizentelly to intersect with the left vertical sezle. Thic
intersection is ot the predicted day-night average scund levei value,
symbolized PL, Reod this level to the necrest half decibel, Note that
the distance from the track to the site will normally be close to half

the zone width as descrited in Seetien 3.2,2, Step 9.

Example

As shown In Figure 4=14, cssume the equivalent number of operations, N,
is 40, and the distance from the track to the site is 6] merers (200 f).
Then follow o 81m line vertically up until it meets the N = 40 curve,

and proceed straight left to the vertical scale, The predicted value,
LP; is 65,5 dB, .

STEP 2~ Pr"edicf Engine Noisa Lavel, PE

To establish a predicted engine noise level, PE, for the site, use the top partion

of Agure 4-15,

Q.

C.

Locate a peoint at the track-to-site distance along the upper horizontal

seale, This scale is the same as the bottom horizontal seale, and hes
been repeated at the top for conveniance.

Proceed from this point vertically downward until intersecting with

tha "Engine Line.”

At the "Engine Line" location, begin extending a line straight across to
the right vertical seale. This line will meest the scale at the predicted

engine noise leval. Read this lavel to the nearest half ducibel,

As shown in the figure, if the distance fram the track to the measurement site of

the previous example is 61m (200 ft), then the predicted noise level, PE, is 85 dB,
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Predicied L an Value, PL, in dBre 20u Po
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N = Nd+ 10 Nn

Where:

defined as:
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figure 4-14 Predicted Ldn Values Due to Raiircad Linasa
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—— —— Figure 4=15, Predicted Noise Levels of Engine and Car Portions of Train Passby

RECT ANDV ALAT ant =




TN VALY DUV Awddid

4,42 Poilrczd Corz feducticn Procedure (Cenfinued)

STEP 3 - fredict Car Neijsa Level, FC

The predicted noise level for the car poriion of the train is also obtained
using Figure 4=15.
a. Loeste the distance from the track to the site on the lower
horizontal seale,
" b,  Extend a line upward from this point until it interseets with the

curve labeled witn the proper train speed, This should have been

recorded on the data sheet by the observer.

c. From this intersection at the train speed curve, proceed directly to
the left, meeting the left vertical secale at the predicred noise level

for the cor portian of the train. Read this level to the nearest half
decibel.

Continving with the same example, if the site distance is 41 meters (200 ),

and if the train speed was approximately 48 km/h (30 moh), then the PC is 75.5 dB.

STEP 4 = Datermine Engina Neisa Diffarence

Determine the difference between the measured noise laval for tha engine, ME,
and the level predictad in Step 2, PE, by subtracting according to the following

algabraic formula:

AE = ME = PE

where AE is the angine noise difierence. Be sure to refain the minus sign if the diffarence

a3 shown is less than zero,

Assume for the exampie we have been following that the measured engine noise

level was 2 dB. Then,

AE= ME - PE =92 - 85=+7d8.

4=44
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4,4.2  Railrced Sata Recucricn Procedure {Continues)

STEP £~ Derermire Car Noize Difference

Determine the difference between the measured neise level for the car portion
of the train, MC, and rhe level predicied in Srep 3, PC, by performing rhe following
subtraction:

AC = MC - PC,
where AC is the car noise difference. Be sure to include a minus sign if AC is negative.

For example, if the measured car noise level is 78 dB and the value for PC is
78,5 dB,

AC=MC ~ PC=78.75,5=+2,5d8.

STEP & Determine I'dn Differenca, Al

The values of AE and AC will now be used with Figure 4=14 ro determine the
difference between the actual Ldn estimate for the noise zone, and the valus predicted
in Step 1, :

a. Locate the AE value on the bottom scale of Figure 4=15. In cur o
example, this was +7 dB.

b,  Proceed up vertically from this locstion inte the family of curves
until the curve having the value of AC is reached. This is shewn

in Figure 4=16 with AC = 2.5 d8.

Now extend a horizontal line from this point to the left~hand seale,
lwhere the difference between the predicted and final L dn values ¢an
be read to the nearest half decibel. For our example, shown in the

figure, AL is +& dB.

C.

4=ts




l'dn ond

Railrood Line, dB

]

PL - AL, Difference Behveen Predicled
d

Actudl L, Due to

al

+5 L
b +15 AC“N‘:'PC, z /

Difference Between Measured and Predicted Average Noise
Level of Car Portion of Train, dB

*10 =

~15 -10 -5 Q 5 +10 +15
) af & ME = PE, Difference Between Meosured and
Predicted Engine Noite Level, dB

Figure 4= 146, Difference Batween Predicted and Actual Ldn of
Railread MNoise Zone (Refarance 8)

T T . i S e

T OMITSYY FVAiwwr Wl

e



=T YWY AU ADTD

$.4.2 failreed Dare Fecdusstion Progecure (Conrinyed)

STEP 7~ Caleulate Roilread Noise Zone b

The Ldn value which will be taken as a nominal avercge for the railreed noise
zone, or for the particular portion of the zone for which the measurerent was raken,
can be computed using this formuia:

Ldn =pPL+al.

Thus, if PL, the predicted Ldn value from Step 1, is £5.5<B, end ifalis

+5 dB, then Lcin =485.5+6=71,54d8B or, rounded teo the nearest decibel, 72 dB.

S5TEP 8-~ Display Ldn Velue

When the wvalue fer Ldn in a reilroad noise zone of noise Zone portien is
obtained, it can be displayed in the basie data display formats as shown previcusly

in Figures 4=5 or 4-9,

It e .

L 4=47
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Secticn 4.2 Ceterminction of Common Inusive Neize Scurces (Exrra Survey Peciure D)

4.5.1 Inrroguerion

In the recarding of sound level dote Zuring the 20-minvte measurements,
identi figble noise sources which corresponded to the "snagshot” reading were indicated
using letter symbois on the date sheet. in this section, these indications will be tallied
to regresent the overage relative frequency of occurrence of identificble intrusive noise
sources throughout the community. The counts will be recorded on o simple worksheet,
and can be displayed for the entire city or selected noise zones as desired. The following

steps should be used to estimate the relative intrusiveness of common noise sources.

4.5.2 Procedure for Relative Intrusiveness of Noise Saurges

STEP 1~ Sort Date
Separate c¢ll of the 20-minute noise measurement data sheers into groups

according to noise =one.

STEP 2 = List Indicated Sources .

a. Fer each noise zone, count the number of times that each particulor

source is identified as an intrusive source on each data sheat. Then,
add these tatals from each data sheet to find the number of times each
source was identified in each noise zone. Note that intrusive sources
will not be identified in the airpert and railread zones since separate

20=-minute measurements were not performed for these 2ones.

b. Emter the total counts of each specifie noise source for each neise 2one

under the appropriate Number ("Neo.") column in Worksheet 4=3,

STEP 3= Compute Intrusive Sourcs Totals

a., Compute relative source intrusiveness for the antire survey by adding ail
of the entries in each horizonmal row of Werksheet 4-5 and placing the

sum in the "No." portion of the “Total” eolumn. These vaiues

4~48
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Workshect 4-5
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“)F?r slmplicliy, only ono type of cach of ihase nolio zonas is shown hora.
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4.5.2 Frocadure for Relgrive Intrusiveness of Noise Sources, Sten 3 {Continued)

recresent the roral numbers of identificeticns (eor sresumed intrusions)
of ench neise source that were measured throughout all noise zones.
Now add this column, entering the sum in the space provided at the

bottom of the column.

b,  Calculate the percentoge of the total number of identified intrusions

that is represented by each source .using the following expression:

_ Numeper of Intrusions af Scecific Source
Percentage == . - - - 1C0.
Total Numper orf Intrusions of all Sources

) Example
If the number of times trucks are identifiad is 85, and thera were 195
tetal identi fications of seurces, then the percentage of trucks would

equal:
-]-353 x 100 = 33.3%.

Record the percentage for each identified intrusive noise sourca to the

nearest tenth in the portion of the "Total" column labeled "%." These

parcantages should total to 100 percent.

e. The percentages for the various intrusive sources can be devaloped for
each noise zone by applying the methods of b. above to the column fer
the appropriate noise zone, In this case, the percantage of intrusion

" for any perticular sourcs wouid equal the number count for that souree
divided by the tetal of the counts for all sources in the columa, multiplied
by 100. |

4=50
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4,5,2 Procedurz for Relctiva lmrruciveness of Neize Sources (Continued)

STEP 4~ Display Noise Scurce Reletive intrusiveness

One effective woy to present the relative numbers of measured intrusions by
specific noise sources is shewn in Figure 4=17. In this type of chart, each sector
oczupies ¢ proportien of the circle that is equel to the percentuge of infrusions for the
indicated source. To determine the proper sector size for each source, multiply the
percentage value for that saurce in percent times 3,80. This product will be the proper
number of degress for the sector angle, This presentction can be used to show relative
numbers of measured inirusions by specific sources for individua! noise zones or for the
entire survey area. Alternarively, the same infermarion can be presented with a bar
chart using ane bar for each identified scures. The height of ecch ber is mede

directly proportional to the percent of time that source is identified, —
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Figure 4-17. Disploy of Relative Numbers of Identified Intrusicns by

Spocific Noise Sources for a Residential Noise Zone
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Section 4.3 E:irimere lmocers of Noise in the Community

4.6.1 Introduction to Noise Impacts

The adverse efiects of noise in the community can take many forms, -
Conversations may be disturbed, sieep may be interrupted, or ceople may become more
cnnoyed. These imzacts may cause individuals to complain, file suits, or change their
residence, or they may angender no abservable community reaction at all. While the
ability to predict a particuler individual's response to noise in his or her own natural
envircnment has not yet been achieved, the prediction of average overall community
reaction Is possible. While the telationship between levels of noise and cdverse
community respense remains an imprecise cne, Guontitative methods have been

developed which can te applied with sufficient accuracy to form the basis for

affective comnmunity planning.

The procedure usad hera for estimeting the impaet of noise invelves the
concept of "Leve| Weighted Pepuiation™ (LWP). The LWP is the equivalent number of
people in g cemmunity who are "100 percent immacted” by community neise levals,

A 100 percent impact, defined quantitatively below, can be thought of, for instance,
as a situation in which speech is totally disrupted. As a result, if one person is only
25 percent impacted (25 percant of speech communication is disrupted) and anethar

is 75 percent impacted (75 percent of speech is disrupted), then the total level

- . e - R

The relative value of the noise impact is determined by the noise level and is

expressed in terms of @ weighting function W (Ld ) given by:
n

0.0232 L, -1.088 1070 .1 241275 10°. L 3 L >a548
dn dn

= d d
W(Ldn) n n m

0. by <45 dB

whera W (Ldn) is the fractional impact for a given population end Ldn is the dayenight

sound level to which the population is exposed.

R
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4.48.1 Intreduction to Neise Imocct (Continued) |

To estimete the LW?2 of o zommunity noize zone, the weizrins function is
& g

multiplied by the population in the zone, as follows:

twp=w({L, )" P (2)
where P is the populaticn of the noise zone.

According to Eg.(2), the LWP of c noise zone can be estimated once the
population and Ldn of the zone are known. A procedure is deseribed below to
celculate the LWP of each zone using Lan values developed earlier in the chapter and

population figures from U.S, Census data. The procedure consists of six steps and uses

.same information from the City of Alexendric, Virginia (1970 pepularion: 110,938) as

the besis for an excmple,

4.8:2 Procedure for Coiculating Noise Impact

STEP 1« Callact Cansus Data and Estimate Census Tract Areas

The Bureau of the Census publishes a Block Statistics package for each
urbanized area with cities of greater than 50,000 population (U.S. Burecu of the
Census, Census of Mousing: 1970, Block Statistics, Report HC (3)). Each "package"
confalns @ sef of maps which show the boundaries of all camus tracts for the araa,
Census traets are small subdivisions inte which large cities and metropolitan areas are
divided for statistical purposes. Boundaries of thess subdivisions are generally designed
to achisve some uniformity of population characteristics, economic status, and living
conditions, A typical census traet has a population of 3000 ro 7000 and, for cities, an
area of 1 to 2 square milas (2-1/2 to 5 square km. Nota: The primary measurement units
in this seetion will be English, since census maps are marked in English dimensions).
Obtain the Block Statistics Package for the urbanized area which ineludes the eommunity

under censideration. One source is: Superintendent of Documents, U.S. Government

Printing Offica, Washington, D.C. 20402,
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4,8.2  Procedure for Czleuicting Meise imzect, Stes 1 (Conrinued)

-~
s

The census frzet mep or maps which include the zemmuniiy under zensideration
can be found using an index which accompanies the Block Statistics packege. Estimate
the cree from esch census trect which is wholly or cartially within the community's

bounderies using the apprepricte meps.

. Example

In the case of Alexandrig, Virginia, the desired census data are
sontained in "Washington, D.C. - Md. - Va. Urbanized Areac Block Stotistics,”
{Report HC (3)=44). The index to the defciled maps in this statistics package, illusirated
in Figure 418, thows that Map 18 includes the entire town of Alexandria, A section of
Map 18 is shown in Figure 4-19, The area of each census tracet can be estimated by
opplying simpie geometric techniques as shown in Figure 4=19. As shown in the figure,

the area of census tract 2006 is approximately 0.9 squate miles (2.3 square km),

STEP 2 « Find the Populotion of Eeeh Census Trac?

The 1970 population of eoch census tract 1s supplied in the Block Statistics
volume aceompanying the statistics package. If they are known, values for more recent
years can be substituted to allow use of more accurate estimates of the impacted population.
As shown in Figure 4=20, according to the 1970 census data, the population of tract 2006

illustrated is 5,080,

STEP 3 - Compute the Average Population Density for Eoch Traet

Simply divide the population figures for each tract found in Step 2 by the
associated aren values estimated in Step 1. Thus, fer the preceding sample, the

population density of cample tract 2006 is

5050 + 0,9 = 35510 poople per square mile
(or 2170 people per square kilometer).

4~55
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Figure 417,

Araa of Cansus Tract ¥ 2005
9 square miles (2.3 square km)

Xty txe S

Section of Alexandria, Virginia Showing Computation of
Approximate Area of @ Typical Census Traet
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2 Preoeedure for Toleuicting MNzize imezer (Centinueg)

T

1 1S

]

TEP 4= For tocen Noise Zane in the Cammunity, ind the Portien of ifs Aren
Which Lies in Eacn Census Tracr

[¥]

The concept of "noise zones" has been used throughout the manual. .any one
naise zone, such as ¢ major readway zone, may be mcade up of many discontiguous pieces
of land and may be spread threuchout the community. In order to estimate the population
contained within an entire noise zone, the portion of the area of the zone which lies in
each census tract must be found, This is accompiished in the following ways, depending

upon the type of zone involved.

Highway Zone — Multiply the length of each highwoy neise zone segment
in each tract by twice the zone width established in
Section 3.2.2, Step Bh. For those highways which form
tract beundaries, multiply each segment by only cne

zone width.

Major and Minor ~ Multiply the length of each noise zone segment in each
Roadway Zones traet by twice the zone width established in Section 3.2.2,

Step 8¢, e, or f." Note that, for major readways with over
36,000 Average Deily Traffic, the area of a secand zone
also must be computed. Again, use only a single rcodway

width if the read forms a tract boundary.

Residential Zonhes - Estimats rh:; totai area of all portions of 2ech of the
residential noise zenes (i.e., high, medium or low density)
in each tract using zone boundaries established in Section
3.2.2, Step 7. In cases whare nearly all of the land in the
community has been assigned to a noise zone of some type,
this value moy most easily be found by subtracting the areas
of all nencesidential types of zones in a tract from the total

aree of the tract.

4=59
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4.2.3  Procedure far Cxleuloting Noite Imeacr, Sreo £ (Continued)

Commercial/
Industrial Zone

Railroad Zone

Alrport Zone

Staticnary
Source Zones

Estimate the portion of the zone which lies in each
tract from noise zone boundaries estoblished in

Section 3.2.2, Step 7.

Multiply the length of the railroad line in each troct
by twice the zcne width derived in Section 3.2.2,
Step éc.

Estimate the pottion of the cirpart zone which is within
each troct using airpert contour maps or the airpert hoise

zone boundaries established in Section 3.2.2, Step 5.

Estimate the area of all portions of stationary seurce
noise within each tract using the zone beundaries

developed in Section 3.2.2, Step %b,

A hypethetical axample in which some of these procsdures are utilized is shown

in Figure 4=21. The areas impacted by surfuce roadways are caleuleted based, for

conveniance, on a typical first property distance of 100 feet (30 m), and q secend

property distunce of 200 feet (41 m). The raoilroad impaet width is also assumed to be

100 feat in each diraction for this example.

STEP 5 = Ectimate the Population of Egeh Noise Zone

Obtain a population for each noise zene by multiplying the average population

density of each tract (Step 3) by the area of the roise zene contained in that traet (Step 4},

and then summing these noise zone populations from each tract to obtain the total,

For the example based on a population density of 55610 people per square mile

(2170 pecple per square kilometer), the hypothetical results for census tract 2006 are

as follows:

Sy =1 .
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Major Roadway Zone

Zone Ag

N

LB N, e
N,
. “"‘7‘"/

High Valume
Minor Roadway Zone

A2 1y

= 015 mi?{.04 km2)

Madium Density R,
Residential Zone
A = (Total Aren} -
(Area of Qther Zonas)

= .49 mi® (1.3 km?)

A::

Railroad Zone
2w] (13‘: + £

3b’
= .04 mi® (.1 km?)

Industrial Zona

A= .3mi2 (.7 km?)

Figure 4=21, Mypothatical Apportionment of Noise Zones in a

Sample Census Troct in Alexandria, Virginia
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1,8,2  Procadure fer Caizularing Noize Imeeoe?, Sres 3 (Cantinued)

_Zone Area-5q. Mi. {Sq¢. Km) Povulation
) Major Rozdway Noise Zone A 06 ( .16) 337
Major Roadwey Noise Zone B 06 ( .18) : 337
Miner Roadwey High Volume .015(.03%) 84
Commercial/Induztrial . 2 ( .78) 1683
Railread 04 ( ,10) 224
Residential Medium Density .49 (1.27) 2749

To find the populotion of a noise zohe for the antire survey arec, the populations of

that =one in each troet would ke summed.

STEP 6 - Estimate Noise Impact In Each Noise Zone

Estimate the Lavel Weighted Population (LWP) for each noise zone using the

foliowing equation:

0.0232 . T~ 1.088 21070 T 241278 x 107 . T2, L, > 45dB
n dn dn dn

Lwe =P .
0. » Ly S 45 dB

where
P is the population of tha noise zone, and

1;; is the qverage day=night sound level in the noise zone calculated in

Step &, Section 4.2,2.
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[ Section 4.7 The Noise Survey Report

Presentction of the results of ¢ community noise survey should ke considered
at an early stage in the progrem. In fact, the display of results should be o facter in
selecting the final survey design so that one may determine, os for in advance as
possible, if the pertroyal of results will provide meaningful and useful information to
those responsible for acting on the results of the study. Several characteristics cre

required of a summary report:

1. Clear statements of the initiating csuses for and objectives of the

measurement program,

2.  Simple, clear description of the progrem methods in language

undetstandakle to the nonspecialist,

3.  Clecr discussion of the meaning of results such that menegement
porsonnel or others responsible for acting upon the results can do

so knewledgeably, -

These qualities can be achieved within the recommended report cutline structura given below.

Recommended Community Noise Survey Report Qutline

.

Chapter 1 Executive Summary

. Brief summary of the noise su}vey objectives and measurement plan,
. Average Ldn value for each noise zone with @ map showing the
zone boundaries. ‘
. Deseription of ail trends or géneraf conclusions rasulting frem the veorious

detailed data and display of results.

Chepter 2 Introduction

o Crigin, purpese and objectives of the survey, including the histery

of noise related preblems in the area.

e . The nature of community noise described very briefly indmple terms. Some
of the material in Section 1.3 of this manual may be useful. -
453




= Y HYAY AU LD

I
!

i -

® .. Maasurement System e s

The Noite Survev Rezcrr Cenrinued)

. Utilizetion of Quiet Cemmuniiias Program (QCP) procedures or meterials.
® Responsible agencies

» Pericd of performance

. Agencie: and bodies consulted in selecticn of the pregram end objectives,

Cheapter 3 Proaram Structure

. Clear definition of the geogrophic area included in the study,

. Discuzsicn of the progrem fermet and seepe. Manual Section 2.1 een
be expanded for this to include specifics of the porticuler progrem.

. Discussion of the method of sempling and selecting sites. Menual
Sections 3.1, 3.2.1, and 3.3.1 will provide material for this section.

° Discussion of the methed of noise mecsurement. Manual Sections 3.4.1

and 3.4.2 Steps 3 and § contain deseriptions of the measurement method.,

Chapter 4  Data Reduction ond Results

. General description of duta reduction appreach. This is addressed in

Section 4.) of the manual.

Detailed display of all results and outputs as prepared according to the
various sactions of manual Chaptar 4. Interpratations should ke included

kased on the guidanee given in Chapter 4,

Glosslury- A suitable glossary can be assembled from manuai Table 1«1 and

the manual Glossary.

ﬁEEndices

Detuiled description of the instrumentation used for data acquisition

and analysis.

4=i4 A
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he Noise Survey Jecorr {(Canrinued)

Neise Survey Darc
Detailed results of the survey in the form af tebles or charts which
have clrecdy bean summarized in Chapter 4 of the mein body of the

report.,

Non=Acoustic Data
Other pertinent data such as venicle traffic counts, populaction
densities, etc., which were used in the main report and can be

relegoted fo an Appendix for defails.

4=85
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GLCSZARY OF SCHME SCQUITICAL TERMS

Selected oeoustical terms cre defined here which are commonly encountered in the”
study of community noise. The list begins with the most fundcmental terms, building
upen these to conclude with the more complex definitions, Common symbols or cbbrevia-

tions are given in parentheses.

Sound Pressure = The sound pressure at a point is the toftai instanteneous

pressure at that point in the presence of sound minus the static pressure at that point.

Level ~ In acoustics, the level scale is used for describing the amplitude of
occusticel quantities. In environmental acoustics, this is usuelly ten times the logerithm
(base 10) of the ratio of en acoustical quantity which is proportional to pewer (i.e,, sound
pressure squared, tound intensity, ete.} to o reference quentity of the same kind, For o
ievel value to be meeningful, the reference quantity must be specified. The level value

is assigned the unit decibels,

Decibel (dB) ~ A unit for describing the emplitude or level of acoustical (er
electrical) quantities = see lavel,

Fraacuency = The number of sound pressure fluctuations per second of a perticular
sound expressed in Hertz (eycles per sesond), Frequency is the property of ssund that is

perceived as piteh.
Hertz (Hz) = The preferred unit of frequensy, equivalent to "cycles per second.”

A~Weighting = A frequency weighting which selectively descriminates against
high and low frequencies to approximate the auditery sensitivity of human hearing at
moderate sound lavels, Sound level meters normally contain an A=weighting network

which can be used to filter the received sound. (See A=weighted Sound Level)

Sound Level Meter (SLM) = An electrocceustical instrument for measuring sound
presiure level, The Americen National Stendard Specification for Sound Level Meters,

$1.4 = 1971, establishes performance criteria for thrae categeries of meters of increasing

degraes of precision that are used in cemmunity noise mecsyrement. All of these meters

normally include Fast and Slow metar movemeant and A=weighting features,

G=1




- ey HITIVE AWV L0

GLOSSARY (Consinved)

Scund Pressure Lavel = The insrenfoneous tound sressure level in Jecicels

T 9
defined as SPL = 10 leg (P~/F e") where P iz the sounc precsure and Prer' i 20 micrepascals
') - [ ' * + 1 [} . .
(20uN/m" or 2(10 4) microbar), In proctice, this quantity is measured in decibels
directly with ¢ sound level meter, usually applying the A-weighting network of the

meter (see Sound Lavel),

Seund Level - Sirictly defined, sound level is the quantity in decibels measured
by a sound level meter satisfying requirements of American National Standard

Specification for Sound Level Meters,

A-Weighted Sound Level - A sound level determined using the A-weighting

function. A~weighted sound levels con ejther be measured using @ sound level meter

with an A=weignted network, or con be czleculated from unweighted sound levels

given for fraquency bands.

Maximum Sewund Leve| - The greatest sound leve! during a designated time

intarval or avent. -

Baekground Ambient Sound Level - The Background ambient sound level is the

level of the all-encompassing unidentifiabie noize which remains after sounds from all
specifically identifiable sources have been eliminated. It is uswually perceived o o rushing

sound of many indistinguishable sources, L _  is often used as an estimate of the background

%0
ambient noise level when no steady state identifiable noises are known to be present

{see Statisticul Seund Lavel).

Statistical Sound Lavel ( L ) = The seund leve! which is exceeded by a

fluetuating sound level for a perticular percantage of the time during a given period.
The percentage of time exceeded corresponds to the subscript in the symbol. For
example, the L‘?0 of ¢ pericd of environmental noise is & low level excesded 70 parcent

of the time, but the L, . is @ higher level which was exceeded only 10 percent of the

10

time.

G-2
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GLOSEARY (Centinued)

Equivalenr Seund ievel (L )~ Eguivalenr scund level is a measure which
e

describes the sound level of a time pericd of fluciuating environmentol neise with o
single number. It is o sound level tased on the crithmetic cvercge energy centent of
the sound rother than an arithmetic average of the sound level. Thus, it is the constant
sound level which would contain the scme amount of ccoustics| energy as the actual

(fluctuating) level for the given period. lts mathematical definition iss

7
- ] L{t)/10
Log ™ 10103 Tf 10 dt
0

where L(t) is the measured noise level as a function of time t end T denotes the durction
of the measurement pericd. Le values are usually not mecsured directly, but are computed
from measurements aften taken over 1, 8, or 2d=hour periods. These measurements, and '

the resulting Le values, are usually A=weighted when considering community noise,

Hourly Egquivalent Seund Lavel (Leq “)) ~ Equivelent sound level, in decibels,
over @ l=hour time peried.

Day Seund Lovel (Ld) = The equi-valent sound level over the 15=hour time period
from 7 a.m. up to 10 p.m. (0700 up to 2200 hours).

Night Sound chel.(Ln) ~ The equivalent sound level, in decibels, over the split

9=hour period from midnight up to 7 a.m. and from 10 p.m. to midnight (0000 up teo
0700 and 2200 up to 2400 hours),

Day-Night Sound Lovel (L dn) - This composite noise metric is.recommended by

the U,5. Environmantal Protection Agency for specification of community noise from all -
sources. It is a caleulated level, similar to an equivaient sound level over 24 hours,
except that the sound levels occurring during the nighttime period, which axtends fram

10 p.m. to 7 a,m., are increasad by ¢ 10 dB waighting penalty before computing the

24=hour avorage. —— e

G-3
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GLOSSARY {Cenrinued)

Defined in ke generci way for 2zplicatien o ccnsinucus menitoring of

community noise, by 15 given by

15 (’“d/m) o {,+10)/ 10]

Ldn=10[og§3-10 "1‘?2'10

where
L, = dey sound level during the deytime (7:00 auma to 10:00 pum.)

Ln = night tound level during the nighttime {10:00 p.m. to 7:00 aum.)

Noise Lavel - An informal term usually used loosely as o synonym for the

A=weighted sound level,

Metric = A measure of environmental sound, Some metrics cre complex and

account for characteristics such as sound duration, sound level, frequency content,

time of oceurrence, or single events. Statistical noise levels, equivalent noise levels,

Ldn’ ete., are all noise metries,

G=4
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APPENDIX A

PROCEDURES FOR 24=HOUR MEASUREMENTS

A.1  Introduction

The recent development and availability of several types of ourematic equip=
ment capable of continuous mecsurement and storage of environmenta! sound levels
for parlods of 24 hours or longer (see Appendix C) provides on extramely usaful teol
for any community noise measurement progrem, This type of instrumentation essentially

removes the need for sempling considerations in the temporal domain, normally yielding

rasults aceurate to a raction of @ decibel for the iocarion and time pefiod measured.
n

There cre many pessible epplications for such equipment in the general survey of come«
munity naise, including:
. Measurement of day-nicht sound level or statisticol metries in
"locaiized problem areas wherg aceurate 24=hour noise level values
are desired,
. Aceurate survey of lavals within a single noise zone of importancs,
where each mecsurement location in the zone might become the site
of a 24~hour meecurament,

A follow=up survey to chack the effectiveness of naiso mitigation
measures instigated earlier,

. Accurate measurement of sound levels near locatrions sampled by an
attitudinal survey to allow direct comparisons between the objective

{noise) and subjective {attitudinal) data.

This appendix will review the application of 24~hour measurements, ingluding
sample end site selection, data redustion, and cost in sufficient detail for the reader
to exccuta a program of 24=hour measurments, Throughout, it is atsumed that the actual

microphone pesition at any moesurement will follow the same guidelines sat forth in
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Secticn 2.2 of 'he main fext with respect ro heignr cobeve ground, disrence from

building facede, etc, Facrers effecting the final lceations of 24-hour equipmeant are -
availobility of a building to provide security for the enclysis unit, permissicn of

occupants to lecare on privete properry, procricality of mounting, ere. MNormally, when
checking hand mecsurements made according to Cheprer 3, the microphone should be
mounted at the first flcor level. Attachment to front porch columns on a horizontal
extension may be convenient, However, if security of the microphone is at all in

doubt, an elevoted locetion may be used for protectien; i.e., with a pole mounting,

a second stery windew meunting, etc. As an alternctive approcch, an elevered mounting,
such as on the sloped roof of a single femily dwelling, may te used as @ single location

from which to characterize the noise environment of en entire cttitudinal sample cluster since it
will experience direct combined exposure to mest crecs of the cluster, With this eppreach,
locate the microghone 1o avoid excessive shielding from street level noise scurces by

the roof. In all coses the microphene should be no cleser then & feet to the building

roof, wall or any reofed=over front porch areas. There should be no cbjects directly

between the microphone end fronting strest, Actual measurament procedures should

always be in accordence with the equipment operating instructions.

A2 Sample Size and Maasurement Locarim‘ws

An important aspect in the utilization of 24=hour measurement is the number
of locations at which the meesurements will be taken, Tha total number nermaily '
becomes o compromise between the ideally desired sample and one that is practically
ochievable, since each site occupies a compiete set of equipment for ot least a 24~

hour period. The following general guideiines con be used to establish sample size

for mast basic purpeses,

Measurements in Logal Impacted Regions

If it is dasired to mecsure noise levels on a 24<hour basis in the local impactad

-
-

. . B
vieinity necr an impertant noise source, the number of measurement sites need not be

great. The actuel area of impact might be defined bused on the complaint histery, or .
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by the “welk—gwaey test" described in Section 3.2 of the manuct fer Zefining srarionary
source noise zones. [f the defined impact region confains regions that are sianificantly
different rom each other (i.e., elevated or depressadrerrain, mony nigh~rise versus ~

single level buildings, or any other desired discriminating factors), then at least one
meesurement should be made in each region at a location representotive of rthe crea,

Note the distence frem the noise source to the impeat region being surveyed. If the _
depth of the impact region as it extends away from the source equals or exceeds the
source=impected region distance, then the noise level cantributed by the source through=

out the region may change significantly wirh distance from the sourez, In this case,

several measurements should ke made within the impected region. When the scurce is not
immediately edjacent to the impact region, initially plan o semple of the mecsurements seress
the region af intervals equal to the source-region distance, Then increese or decrease

the number of locations using knowledge gained from o site visit to as not o locate the
measyrements unnecessarily clase together, but still providing encugh sites to establish

the noise level gradient. Of course, any specific logation of particular interest, such

as a school, may else be monitored if desired.

Measurements to Verify Noise Survey Resylts

If a complete community noise survey has been carried out aceording to the
manual proceduras, it is desireble to check and verify the resulting noise leve! values
with 24=hour measurements, Asample size of approximately one=third the ;-:umber of
weekday sites used in the survey should be selecrad for sach noise zons. The salection
should be made from sites hoving ot legst one day and night 20-minute measurement:
sites mecsured only once during the survey should be excluded, From these sites, select ;
at random the sample for 24=hour measuraments, If possible, 30 percent of the selected sites B
should be measured during weekend poriods, and the remainder during the work week,

The elimination of temporal uncertainty by use of the 24-hour technique will compen=
sate in part for the loss of spatial aceuraey due to reduction of the spatiol sample size.

Thus, the use of 24+hour measurements ot cne=third the sites should produce resuits
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copraximarely comparekle in gecurecy fo rhe complere survey, besed on rae 20 minure

temporal samples, and will be edecuate os a verification of the resulting levels,

Measurements in Critical Neoise Zones

Any particular noise zone thet is of special interest, or for which the daora
and resulting noise levels may be subject to close scrutiny, mey be sampled at every
measurement location for @ 24=hour period. Measurements should be made at all sites,
distributed through the five weekdays, and in cddition, 30 percent of the sites should
be selected at randem and subjecred to cdditional meciurements during the weekend
period. Such exhoustive sampling will remove temporal uncertainties up to the week
time period, and cchieve 5 percent confidence intervals for averoge Ld ofi:& dB for

n
a Class II survey or +4 dB for a Class [ survey (see Appendix D, Section D, 2.2).

Maasurements Thot Ralete ta an Attitudinel Survey

If a complete Quiet Communities Pregram is being followed (see manual intro-

duction), a survey of community ottitudes towards noise will be cenducted as @ sempanion
to tha neise survey. The attitudinal survey interviaws in this program are grouped to=
gethet in areas called sample clusters which consist of from one to feur city blocks
bounded by surface strests, These clusters are selected accarding to @ pepuiation=
weighted sampling process instead of the basicaily spatially-oriented sampling method
used to select noise measurement sites, However, the purely random spatial sompling
plan for selecting noise mecsuremement sites has been altered to insure that each of
the attitudinal sample clusters is included in the noise measurement sample plan, Thus,
when desirad, ancther basis for salecting 24=hour megsurement sites would be based on
using only theze noise messuremont sites which correspend to the attitudinal cluster
samples. As o minimum, at least one=third of the clusters in each noise zone should be

measured. Detailed procedures for selecting a representative measurement location

within a cluster are given below,

A=d
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Guidelines ‘or Noisa Measuremenr in Sceini Sursev Clusrars

In general, locations for elevered measurements in clusters should be selected

at buildings within clusters as neer cs possibie to the reprezenrctive location selected in

Section 2.2.2, Step 7a of the manucl. However, ¢ mere thorcugh assessment can be

obtained gccording to the following procedures, keeping in mind the qualificaticns for

microphone position given in the. introduction to this appendix.

1, Survey the cluster for prineiple noise sources and traffic volume aleng

all streets in or berdering the cluster.

= I8

Note, by on~site observatien, any intrusive noise sources locared
within or outside the cluster, and whether these sources are likely

to be continuous (constent output all the time) or intermittent (emit
noise during only perticns of the 24whour day}. Frequently, the time
pattern of an intermittent scurce would carrespond roughly to day and
night. Moise sources leeated outside the cluster (nearby Free\;my,
factory, airport, ete.) are considered to have significant impaess

if the souree is audible and causes increased noise levels in all or

part of the cluster,

Check the approximate traffic volume aleng ail streets bordaring or

passing through the cluster (excapt alley~type streets) by observation,

familiarity, and referance to traffic flow data. If one or mare of the
streats carries a volume that appears to be about three or more times

that of the least traveled straet in the cluster, then all streets in the

cluster should be assigned to one of twe groups:

High Volume Group = the high volume roads having on the order of three

or mere times the traffic volume of the remaining streets.

Low Volume Group - all other low volume streets, If there is not a clear

facter of three diffarence in flow volume between streets in the cluster,

T then Tib grouping is necessary .
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Select 2 lzzarien for the 24—hcur curomaric menifering system according

to the following legic: P

Q.

e

IF NO INTRUSIVE SQURCES ADD TQ TRAFFIC NQISE AND
CLUSTER STREETS HAVEM 3EEN DIVIDED INTQO THE TWO
TRAFFIC VOLUME GROUPS: then o measurement site chould be
selectad ct random at o housahold along one of the cluster streets,
However, if there appecrs to be o substential difference in traffic |

flow, celect the street with the highest volume, or if it cppears
that a particular street would present the highest Leq due to

a unique traffic mix (i.e,, high percentage of trucks or buses,
ete. ) even though flow volume may not be greatest, this street
should be chasen for the mecsurement. Make sure that the
chosen street and block aerunlly contains househslds that under~
went the social survey, If it does not, choose the mest similar

street or black until one with interviewed households is identified,

IF NQ INTRUSIVE NQISE SOURCES ADD TO TRAFFIC NOISE,
AND THE CLUSTER STREETS HAVE BEEN DIVIDED INTO TWO
GROUPS: then the measurement should be made along a high
volume street which would be expected to present the highest Leq :
value, If the traffic mix for the high volume streets is uniferm,
then this wiil be the street with the highest traffic flow. If traffic
flow velumes are about the same, then select a street and block ot
randem. The street and block chesen should contain secial

interview households,

IF EITHER a. or b. ARE TRUE: then the microphone should be placed
along a strest and block as near as possible to @ point midway between
a corner and the middle of the block, There will be two such "quarter

points" on o block side, and one of these can initially be selected at

Amb

JPTR—
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random, with the crner point being used if it becemes imeractica! ro
.

locate the microphone near the first selection,

d. IF THE CLL-J-STER 1S EXPOSED TO A SIGNIFICANT INTRUSIVE
NONTRAFFIC NCISZ SQURCE LCCATED CUTSIDE CF THE CLUSTER:
then locate the microphone aiong the tordering cluster street nearest
to the outside source. This should be dane regardless of street treffic

flaw volume, and the microphone should be a5 in . obove.

3. To provide additione| deteil of the spatizl weriation in level near the
24-hour measurement sites, zelect locations for 20 minute manual sound
level measurements as may be indicated by the following guidelines. It
should normaily not be necessary to exceed a maximum of twoe 20-minute
manual measurements per cluster, {Note: Cerain medels of automatic 24~
hour measurement equipment will cutput data for 15 minute intervals, not .
20 minute intervals, If this equipmenr is used, hand megsuraments should

be reduced to 15 minutes to coincide with cutomaticelly measured
intervals for direet comoarisan,

a. IFTHE CLUSTER STREETS WERE CLASSIFIED INTO "HIGH" AND -
"LOW™" TRAFFIC FLOW GROUPS PER "1b¥ ABOVE: then a manual
measurement using f_he standard field procedure (one reading every
15 seconds) for 20 minutes should be made along the lowest volume
street and bloek in the cluster than contains interview households.
The measurement locotion should be selected gceording to "2e™
above, The 20-minute measurement period should be synchronized
with & corresponding 20-minute intervil for daty aequisition by the

automatic (24-haur) monitoring system.

b.  IF THE CLUSTER HAS SMALL ALLEY-TYPE STREETS CONTAINING
. - INTERVIEW RESIDENCES: then @ 20-minute manual measuremant
shouid be made at the midpoint of an alley smeat selected of randem

that contains interview streats. The site selectad should not ba o "T"

intersection of two alleys,
A=7
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IF A SIGNIFICANT NCIZZ SCURCE ZXTERICR TO THE CLUSTER
WAS IDENTIFIED AS IN "24" ABOVE: then a 20-minufe manual .. «
mecsuremant should be made on the berdering cluster sireet that is
farthest away from the noise source ond that contains interview
residences. The mecsurement location should ke as in "2c" ghove.

If there cre also high volume, low volume, and alley streets, then
cne additional 20-minute manuval measurement (for a total of two such
measurements) will be necessary. The second manual measurement

should ke made in an alley street as in "3b."

IF A CLUSTER CONTAINS BOTH HIGH AND LOW VOLUME
STREETS AS DESCRISED IN “1b" PLUS RESIDENTIAL ALLEY-
TYPE STREETS: then two 2C-minute manual measurements wouid
ba required (one in the low volume strest, and one in the ailey=-

type street) to complement the automatic 24-hour measurement.

IF ANY CLUSTER CONTAINS A SMALL INTRUSIVE NOQISE SOURCE
THAT IMPACTS AN AREA NEAR SEVERAL INTERVIEW RESIDENCES:
then it will be dasiroble to perform a 20~minute manual measurement
at @ residenca exposed to average levels from this source. Sucha
spacial measurement normally should be made only when proctical;
i.8., when less than two manual meesurements ara otherwise .

required by the cluster characteristics.

When manual measurements are made for any reasen, check for

local noise seurces that vary with time that might offect the manuwal
measurement noise levels, Such sourees might be garages, industries,
or loeal neighberhood activity such as sehools, playgrounds, ete., that
emit noise for only part of the 24-hour peried, If it appears that an
intermittant sourca might influence o monual measurement, repeot the
measurement at a different time to obtain dota during bath emission
and nonemission of the source. Determine as well as possible the

times~of-day of regular source operation.

A-8
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4, For each menirared clustar, prepare ¢ sketeh showing the fellowing:

. Indicotion of high velume and lcw volume streets.
. Indication of ailey streets.
. Locatian and crea of oudibility of significant noise sources outside

the cluster (as in "2d") end small noise scurces within the cluster

{ng f").
) Times of operation of the noise sources shown,

» All mensurement locations.

ALl 24=Hour Deta Utilization

A great decl of information can be obtained directly from 24=hour noise
monitoring equipment without the necessity for meny of the calculation procadures
presented in Chapter 4 of the manual. Mest equipment will readily cutput values for
Ldn’ various statistical metries such as Lm; LSD’ of Loqe and hourly equivalent naise
levels for the site measured, Thesa velues may then be directly recorded in the field or
obtained from data processing in the laboratery. When applied in one of the sampling
schames discussed in the previous section, average values of each of thase metrics can be
ealeulated for the neise zone or desired survey area by utilizing the appropriate
procedures from Chapter 4. These average values can then be compared to the values
obtained from the complets survey,

If the mean L dn values for a noise zone obtuined by the 24=hour measurement
procedure differs from the value estimated from the 20-minute measurement by less than
3 dB, the two results can be considerad complimentary and the true mean probably lies
between the two values, but closer to the mora eceurate (24=hour) measurement.
However, a differance of more than 3 to 5 dB can be taken to indicate o disparity which

may result from signifieant noise pattarns in time periods not sampled in the manuol survey.

-3n. A way to test for this is to estimate a new Lin value for each site based on the
uze of hourly equivaient [avels from the 24=hour data which were obtained from the same

———
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time periods as the 2C-minute manual mecsurements, ‘Werksheets 4=1 and 42 from the
manuai can be used to cziculate Ld’ Ln' Lc.n, und agverage Ldn cccording to the procedures
given. Cnce this is done, two zone-cverage Ldn vaives wiil be available ~ one from
menual measurements and one from automatic measurements — both based on the some time
of day periods. [f they match well, then the difference berween the manually derived
value and full 24-hour value is, indeed, very likely attributable to noise characteristics
present during time periods not monitered by the manual survey. On the other hand, If
these twe time-motehed estimates of L:in do not agree, then the difference batween the
menual and full 24=hour La'n values may not have o simpie explanation. Review slil
details of each program that may have contrituted to the differences, from field work

to caleulations, IF 24-hour sites were chosen to coincide witha portion of the manual
survey sites, consider calculating @ naw avercge Ldn based on manual data from only
these sites to provide g direct comparison with the 24=hour based average. Do not
overlook the possibility thet the difference in results may be reflecting a true

difference that existed in the noise level patterns due to weather or to secsonal effects,

introduction of a new significant noise source (i.e., opening of a new highway), or

- some other influenca. Resolution of the disparity may come from the discovery of

several small econtributing foctors as well as from identification of @ single important
cause.

QOne feature provided by 24=hour measurements that does not result from the
manual sutvey procedures is an accurate L dn value for egeh site (representative, of course,
only of thy actual period measured). When plotted on g gity map, preferably one on
which noise zones are superimposed, these values will give a rough indieation of noise jevel
patterns across the survey ares. Additionally, Ldn values for single sites can be related
to survey results from overlapping social survey clusters with a precision much greater

than pessible with manual noise survey methed results.
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Al Cast Censiderctions

The costs incurred in the implementation of a survey program utilizing
automatic 24~hour noise memsurement equipment resul! from direct instrumentation casts,
field laber time, end dara reducrion and analysis time. Oniy a minimal amount of effort
should be nacessory for planning since the effert will be tased principally an the zones
and siting already developed in the manval eommunity noisa survey. Autometic noise
megsurement instrumentation may be cvailable on [ean frem the local U.S. Environmental
Protection Agency regional office, or frem the EPA Office of Noise Abatement and
Control, Washingron, D.C. If the permanent aequisiticn of equipment is of interest,

a cuide to opproximate instrumentation costs can be found at the end of Appendix C.

The amount of field werk required will vary with the program. Fer instance,
if enly one monitoring unit is in use, and pre~identified measurement locations are to
be used, then field work will consist of one or rwo hours of movement and sef=up per site-
day. On the other hand, the monitoring of social survey clusters raquires a time=
consurning site salection process including chservation of the cluster, identification
of a suitable site where location of the aquipment will be permitted, and possible
performance of manual measurements in the cluster as well. This procedure can
require up to 4 hours per site. The simultaneous use of mere than one measurament
unit will proportionately increase the required number of man~hours per day, but

should likewise reduce the total duration of the measurement program.

The effort required for data reduction will be minimal for units that direetly
read out the desired metric values. In these cuses, the coleulaticn of simple
arithmetic averages for the neise zone may be all that is required. Other types of
units may require pest-measurement date reducfi:;n, employing methods ranging from
hand ealculation to mini~cemputers to obtain all of the desired metfries. Man=hour
requirements for raduction of data from these units will need to be estimated basad
on the specific necessary tasks, The time required for manual calculations, either

in suppert of 24-hour instrument data or for reduction of supplementary hand measures

A=11
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ments made in a cluster, can be estimated based on experience with data reduction
for the manual survey, Finally, the amount of time expended for actual analysis or
considerction of the 24-hour informatien will vary with the application. For example, .
the effort to evaluate the meaning of an cecurately measured noise level for a single
important noise zone will differ from that necessary to evaluate a large diserepancy
between Ldn valuss measured according to the manual and 24-hour methods. Analysis
cost, then, will need to be estimated based on the specific work to be done, as the

final cost element of @ 24-hour menitering program,

A=12
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PROCEDURES FOR NOISE MEASURIMENTS TF INDIVIDUAL NCISZ 3CURCES

B.1 Intreductien

Qeceasionally it is desirable to establish the contriburion ro environmenral
noise made by ene or rwo specific individual noise sources, without expending
the cost and effort required for @ comprehensive municipal noise survey as described
in the main text of this monudl, For exampie, the city mey feel it is already aware
of its few principal noisa sources, ond would simply like to quc;nrny their contribu~
tions and estimate the effects of vorious levels of regulation. Cartain aspects of
the ZPA Quiet Communities Program noise reduction strategy also require an assess-
ment of the effect of various regulatory levels on specific noifse sources. To accommo=
date these needs, this appendix has been provided s a guide to limited surveys of indi=

vidual scurces,

The types of saurces cddressed here in_r.;lude distributed isclated small units, such
as autormobiles or eir conditioners, as wall as larger stationary sources such as power
plants, construction sites, or shopping centers that have & defined geographical
boundary and can be identified as impacting the surrounding community with a
characteristic noise environment. Discussions will deal primarily with sources which
the lozal government is able to regulare;l’zf_e,, construction sites, power
toals, ete. An airport is @ "source" over which a local government has very limited

control except through control of airport eperation, if it is the prog:u-i.-.-i-t:u-.:3

B.2 Noise Event Types

Individual noise sources, whether consisting of many distributed small sources, or
a single large stationary source, will nermally produce three basic types of sound

potterns. These three patterns, or noise events, are introduced below.

B-1

Vb b e A T T E S e e b =

. e m——




=119V NVIY AQUD AnH

Single Naize Svant

This ryee of noise event occurs over @ shert duratisn heginning with a sreadily

increasing noite level until the moximum level is reeched and followed by g decrecse
in noise back fo the beckground embient level. An example would be the roadside
sound level variation as e truck passes by, It is not important whether the source is
moving or stationary, but only thot the noise level rises and drops over a short time
pericd = usuﬁlly less than 1 or 2 minutes. Very short curation evenrs like gunfire or

impacts from a drop forge require special measurement equipment and receiver annoyance

criteria to properly assess the noise enviranment. '~ These events usually lest less

than 1 second and are sctegorized os impulsive noises. Macsurement and evaluation

of impulsive noises will not be considered in this eppendix,

Multiple Noise Event

The noise from a combination of similer or different sources operating withina
defined boundary characterize this type of souree. Noise from an aute repair shop is an
example of multiple single events from different sources, such as air hammers, metal

sews, and sanding equipment. This combination of single events constitutes the multiple

event neise frem an auto repair shop.

Figure B=1 i{lustrates o typical example of the complex pattern of multiple

noises from @ maintenance garuge for buses.
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Centinuous NMeise Lave! Zvenr

A sontinucus.ncise level evenr neither increcses ner Zecreases significantly
over time. Relevant sources of continuous noise typically do net emit exceptionaily
high noise levels but generally control the backcround level far many loccl areas
within @ community. For example, o power plant may preduce the predeminant noise
level cver @ community, However, an exterior housenold cir conditicner may override
the power plant noise within the property boundaries of one or more neighbors, Both
of these sources, while operating, emit a steady noise leve!l which constitutes part of
the background cemmunity noise level but are identifiable single noise scurces ro o nearoy

resident.

Considerations in Categorizing Noise Events

Neerly cll noise sources can be placed in more than one event categery depending
on the operation of the source and the desired interpretation of the noise data. For
example, the single passby of a troin generally falls in the single noise event
catagery. This same train might trave! further down the line and through a train yard
located in some community. Neise emissions from this yard are collectively menitored
as @ multiple noise event and the patsby is only a portion of the total noise environment.
In additien, the locomotive could be left parked on a siding near a residential area with

a diesel engine idling for several hours — it then becomes a continucus noise event.

Interrelationships betwean these three categeries of noise sources, along with
typical examples and the goal for menitoring the source are illustrated in Table B-1,
The noise event category of @ scurce is an important consideration in the menitering
of individual noisa sourcas, and should be identified as a preliminary step in

establishing @ source noise monitoring program.
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table B=1

Typical Excmples of Noise Seurce Types
and Rectons for Monitering

" Reesons for Monitaring
Establith Long=Torm [ Conduc? SharteTarm
Naise Event Trands of Maiss Impaet Naise Standard
Category Specific.Noise Source(s) Noisa lmpact Corrective Action Enforcement
Single Alrcraft Operation X X
Single Motor Vehicle b X
Operotion
Singla Noha Single Train Paisby X X
Event Singie Cperaiian at o X b4
Conitiuction Site
Garboge Campaciar X x
Operation
Siaom Valve . X X
Aircralt Flee! Operation X .
gt an Alrport
All vohicles en o Rood X
Sottion
: Multipls Railroad Oparatlons b x X
o Noiwe Evenh Throughout o Yard
b All Oparations ot a X Cox
: Consrruction Site
‘! ‘ Miscellaneous Noise from b 4
a Shopping Canter
j'; Continvous Pawer Plant Generator X x X
i E:’I"? Tronsformar Hum b 4 X X
\ Evunts Air Conditloning Unit X X
[
]
! | . -
]
i ) .
:
B4 .
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5,8 Noeite Mecsurement rocacures

For conducting @ survey of an individuc! noise source or sources, one of two
types of measurement procecures must be employed. These ore either measurements
aecsrding to standardized procedures made under repearable specified canditions, or
mecsuraments to determine typicel noise levels created during normel cerviee in the
community. The type of procedure followed will depend on the survey objectives,
For example, if it is desired to compare the noise levals of motereycles in the city
with @ propesed regulation that specifies an exact noise measurement pracedure, such
as @ maximum acseleration passby procedure, then a sample of motoreycles in the city
should be measured aezording to this procedure. On the other hand, if an assessment
of noise levels typically caused by motorcycles in the community is desired, a sample
of measurements should be made of the vehicles in their usuc] operating modes
at various community locations. This section discusses each type of measurement as

applied to noise sources that are either [arge and srationary or smaller but distributed

at many locations throughout the community .

Large Stationary Neisa Sources

These sources, such as railroad stations, power plants, shopping centers, otc.,
are usually of the multiple noise ar continuous noise level type. The comparison of

neise emitted by these sources with reguiations, ordinances, or recommended practices

. will require noise measurements performed ac¢gording to standard procedures at standard

distances, times, and operating medes. These are normaily specifiad in the ordinancs

or regulation, or can ba taken from lists of standerd udapted pmctices.é {ne common
noise ordinance farmut, for example, specifies A-weighted noise levels not to be
axceeded for various propertions of time at the source proparty line, and may indicars
the number of locations and type of measurement equipment to be used. Certain of

these methods are most easily followed using equipment more sophisticated than the sound
level meter (such as the distribution analyzer; see Appendix C), but in general the
epplication of methods and equipment is straightfarward and tharoughly deseribed.

B-5




-y YN AUVY LJO0

If it i desirecd fo mske an cmsessment of the Influencs of a lerge staticnary
source on ifs surrcunding eree, one of rwo mere generc! approaches con e token.,
In order to establish the influence of the source in the community, the srationary
noise source techniques deszribed in the menual text may be spplied. This involves
estazlishing the zone of influence (noise zone - Secrion 2.2.2, Step %,
selecting measurement locations (Section 3.3, ) and serforming measurements
and deta reduction (Sections 3.4 and 4.1), Alternatively, o boundary or property line
assassment can be made using the following technique. The boundary of a multiple
event source could be a properry line, a =ening boundery, or any other boundary
betwean the multiple event scurce and incompotible lend. To define this noise
environment, measurements are made at appropriate intervals along the boundary —
either surrounding the entire source, or separating the source from incompatible lend.
Measurements should be mode to coincide with basic operating schedules of the scurce,
with 20-minute samples taken at least once during the day and night at each measurement
location as described in Section 3.4 of the manual text, Sampling for mere than one day
may alse be required according to the source operating schedule. Fer long=term or
before-and-after noise sampling at majer censtruction sites which require detailed
anvironmental analyses, care should be taken te maintain the same measurement
pasitions and to ensure that an adequats number of samples are obtained to minimize

the influence of random weather effects.
Although a precise standardization of beundary line noise surveys is considered

impracticsl, due to the wide variety of situations likely to be encountered, the

following are recammended guidelines for selecting noise monitoring sites at industrial ;

locations,

1.  Armed with @ map or pricr knowledge of the site, conduct an initial
survey with a sound level meter, making short 1= to 2-minute readings
every 30 paces (~ 25m) along the periphery bordering on incompatible
lend, MNote the cantral tendency of minimum (~ L90) and maximum lavels
{r Lc ) with.the meter_an "slow” response. When there is ne bordering incom=

patible land, measure along that portion of the property line which is closest | !

ta nearby incempatible land.

B
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Repeat these craliminary mecsuremenss ar salecred srerions aiong thig

7
perimeter where necessery fo cover large changes in femporal patterns,
3.  Construct a plet of the minimum cnd/or moximum sound {evels versus

position along the perimeter besed on these initial pilot survey results.

4. Select sites for mere detailed measurements sc as to define the noise
variation along the perimeter ar distance intervais covering noiste level

variations of no more than 5 dB and using at least 8 but no more than 32

equally spaced intervals.

In residential locations, as extensive a procedure may not be required, For
example, assume there is a local air conditioner in @ neighberhoad which has caused
complaints by residents, It could be evaluated under standard conditions to determine
if the manufacturer wos meeting indusity standords when the unit was built and sold,
However, to determine the impact on the community neise anvironment, property
boundary measurements could be conducted agecrding ta meassurement tachniques of a
lecal noise erdinance. In the absance of a local ordimance measurement procedure,

ono or more residential boundary pesitions clesest to the source should be monitored.

L e

Distributed Neise Sources

Sources of noise that are distributed throughout the community, such as heavy
trucks or lawn mowers, must be dealt with in a slightly different manner. As before,
measurement procedures must be seleated or established, but then they must be opplied
to a sample of many individual sources of the type being invesﬁga‘fed in the community.
Most distributed noise sourcas will ba of the single evant type, causing a single rize
and fall in sound level such as @ vehicle passby, Existing standaeds and regulations
specify srocedures for performing repectable stoged measurements of single event noise
from automobiles, trucks, and other sources. ' These cen be used ta determine the
distribution of standard sound levels of a sourca type within the city. However, in
order to determine typical sound javels of the sources as received from normal cperarion

in the city, measurements at several [ocations around the area of a sample of typically

-7
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in-service sourcas must Se mage, In mert esies with single event type sourcas, the
maximum A-weighted scund {avel of 2ach event, s noted with the “fast” sound level
meter mavement, is the quaniity mecsured, For continuous or multiple noise level
events, longer period measurements of Leq should be made os discussed in Sections 3.4

and 4.2 of the manual text,

B.4 Sampling Procedures for Distributed Sources

When collecting « baseline dato base for a distributed noise source, there are
two potentiafl sources of error. One is associated with equipment tolersnces and fleld
measurement technique, and the second with variatiens in the noise level emission
from source to source. Both types of inaceuracies must be considered in any source
noise survey . The latter is particularly important in specifying levels for c zource
noise regulation. The following paragraphs focus on specifying the sample requirements
to minimize discrepancies between noise |avels of the same type source. Eguipment

and measurement errers are covered in Appendices C and D. Appendix D also presents

background for the sampling methad presented hare,

« em - —- Dofonaible ncise limits for spocific sources require the type of basic data sampie

such o3 illustrui:nd in Figure B=2, The datw shown in this figura ware ohfained
. R . . . i0 .
at an early stage in Califomia's motor vehicle noise ragulation program. — 1f noise

regulations were to be established on the basis of this large sample, the expected rate

of violations would be approximately o follows:

Noisa Limit Rete of Violations, 9%

85 -0

82 0.044

80 015

78 0.35

75 1.16

72 5.16

70 . 16.14.

One paint sheuld be emphaised when considering the evaluation of large samples
ef noise data, It is clear from Figure B~2, for example, that the histogram of maximum

feveis is very nearly like a normal (beli=shaped) curve, This provides some guidance in

8=8
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estaplishing the reguiresd sample design for sucsequenr surveys af similar sources, How-
aver, there is ¢ definite very small "tail" on the vpper end of the distribution which
cen be attribufed to the few excepricnally noisy vehicles which weould nat be predicted
if one cssumed a perfectly normal distribution. Thus, en imporrant aspect of evaluaring
source noise surveys for establishing noise limits, is fo consider the actual shape of the
upper end of the distribution curve of noise limits, over sources, in order to accurately
define the anticipated violation rate. The latter is impertant for the purposes of
administrative plenning in any seurce noise enforcement program, ‘

We are concerned with defining an adequate number of individuc! measuremants
required to eccurately represent the noise generated by a particular type of source.
In this case, the totel number of such sources in existence is the "total populatien"
end the numker of individuca! single event sources actuelly mecsured is referred to as
the "sample population.” The histegram or "frequency distribution” of levels will now
be aver sources instead of over time or space: If the characteristics of the distribution
are symmetrical above and below the median noise leve! of the :ample, then we can
assume thet the sources have an approximately nermal distribution of characteristic
noise levels. We will find that, in general, this is gporoximately true,

The key parameter which defines sample size is the accuracy of the sample.
The percent accuraey of tha sample (4 %) defines the precision with which the actual
total population can be accurately reprasentad by the sample. In other words, if a
certain percentage of the sample (say, 5 percent) excesds some noise leval, then A%
specifins the tolerance bands which this parcent of the total population must fall
within, For example, say a noise level of 82 dB wos exceedad by 5 percent of the
measyrements in the semplo pepuiation. [f the sample was chosen so that A was
3 porcent, then betwaon 2 and § percent (5 + 3) of the total population would be
expected to excead 824B. This concept is important for understonding the validity

B=10
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of © dotc bate needed ro ectaniish ¢ statistical recerd of sourse leveis ana for
development of @ noise regulation, If the exemple just mentioned pertained to moror
vehicles, then the dato sample measured wauld imply 2 to 8 percent of all vehicles

have naise levels that exceed 82 48

The following procadure enables prediction of the required size of o semple to
achieve g specified value of A%. For simplicity it is necessery to essume thet both
the somple and total popuiction frequency distributions are epproximately nermally
distributed, Also, we desire a 95 percent probability that the sample accurctely represents
the total population. In addition ro chossing an aczeptable velue of A%, the particular
statistical noise level of inrerest must be defined. This staristical level is called L and is
designated by okserving the noise level exceeded by "x" percent of the data sumples.’
Ls = 82 dB would imply 5 percent of the measured samples exceeded 82 dB. Generally,
L% ang L0 are the most usefu! levels for souree analysis, the formeroften being applied
as the moximum noise lavel for a source type noise regulation, whereas L™ is simply

the median level.

Assuma a city wishes to pass a noise erdinance for lawn mowers in terms of noise
measurements made ot 15m (50 ft). To be feasible, s-uch Q law requires devalopment
of a data base for the existing noise levels. L will be usad, assuming the plan is to
limit the lavels of the noisiest 5 percent of tho mowers. Assume it is desired that the Ls
o calculated from the data sample should represent the entire population of lawn mowars with
a sample acsuraey of A % = =3 percent. In other words, the L5 measured should acgtually
be the noise level that is exceeded by 2 to 8 percent of the total population of lawn

mowers. MNow, from Figure 3«3, for A% = 3 percent on the horizontal scale, read the

§ et b . L o

* A superscript” is usad for the term L™ to distinguish x percent of number of sources
from x percent of time for which a subscript is used in the term Lx'

B=11
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- C . . : . 3
eorretpending veive of n, the resuired tample size on the vertieal teole using the LY
curve, According to the letier, the minimum number of lawn mowers thet can te

measured under the eriteria set forth is 203, For conservatism, it is recommended

that 25 to 50 percent more than the ideai minimum number calculated from Figure B3
be measured. Thus, 250 to 300 lown mowers need ‘o be mecsured and from this sample,

the noise level exceeded by 5 percent of the semple (15 fer ¢ sempie size of JC0)

would become the regulatery limit for L2,

2000 |

g

‘_'lll‘
l[l!l

L

8

3
]
!
!

n, Sompls Stze {Number of Sources Measure5)
1

100

'.ll‘

L]

% & %, Confidence Interval ' ,

- Figure B=3. MNumber of Samples Required to Achievae with $5 Parcent 5
Confidence a Specified Percent Accuracy for 5 Percent (L7)
and 50 Percent (L90) Exceedence Noisa Limits for g
Population of Single Event Sourcas

B=12
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1t is imporrant to moint out that by scecifying the tample accurgey crireric,
or confidence limite, in terms of the absolute gercentcge (i) of the torc| popuiation,
. - . X
the sample size decreases as the limiting percentage x in L decreases. Just the
opposite trend in sample size accurs if the accuracy criteria is exprassed in relative

krms as the telercnee interval (4) divided by the limiting percenfuge x. In

this case, as this limiting percenrage decreases, the required sompie size increcses to
maintgin the same relative acauracy. For example, using the previous example where
A = =3 % ond x = 5%, the relative error would be (60°/6) = 100 - 3/5 far the ideal
wmple size of 203, Increcsing the sample size by 4 would dearecse the relative error

by a foetor of 2. This tapic is considered in more detail in Aspendix D.

———

Selection of the individual mowers to be measured must be an a random .

basis from the population. This implies that each member of the total population

hes an equal chance of heing selected for the sample. Simply observing o convenient
wlection of lawn mowers that operate near the home base of the megsurement team
might bios the data because of unpredictcble neighborhood differences or availability
of one particular type of mower in that section of the city. Thus, a sampling plan

must be instituted which first identifias the potential lawnmower pepulation and then

" randomly selacts the spacific mowers to be observed in the sample. The more detailed

discussion on random sempling of sites in Appendix D mey be used in this cose for guid-

enee on rendom selection of single sources.

8.5 Influence of Other Sources on Noise Measuraments

Noise from other ssurces can introduce an error into the measurement of a
source under study. The magnituda of the error introduced will depend upen both the
temperal and spatial separation of conflicting sources — the greater the separation, the

lower the error.

3=13
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Achieving Temcorzi Secarcricn

While a great variety of conflicting temporal patrerns can occur when

attempting to isclate the time signature of one single evenf scurce in a stream of

multiple evenrs, one simple procedure may be used which is ecsily impiemented

with @ sound level meter. The concept is illustrated in Figure B=d.

l
[

Noise Level

Noise Event
" Under Study

Time

-Fig-ura Bé. Resultant Noise Level from a Series of Neczrly Simultansous
Noise Events. {No Significunt Interference to Noise Event
Under Study if AL 2 6 dB.)

The time history signature to be mecsured is in the middle of twa adjacent

pocks due to ather seurces. Assuming that the latter do not generate a third "hidden™

pock of noise during the tima of occurrence of the one of interest, then a simple

criterion for essentially negligible effect of these adjecent peaks is that before or
after the noise peck of interest (me:x)' the sound level should be at least & dB

lower (AL in Figure B=d = & dB.)

B=14
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Thus, by simply ‘watching the sound level meter needle [in this cere, set on
"fest" response for single events s discussed in Section B-3) and emsuring thar a noise
event of interest rices or falls by at least & dB before or after its maximum, the com-
bined single event and other noises will normally be separated by at least 9 dB and
hence the noise event under study will not be in error by more then 0.5d8. This
procedure is primarily intended for menitoring of sin;_:le vehicles in a moving stream
of traffie; however, it can be employed as an approximate method for muliiple event

sourees as well.

Combined Spatial znd Temromi Senarction from Other Sourses

The extreneous backgreund noises from nearby sources must be minimizad to
gvoid influencing the source under investigation. The simplest approach is te move
the saurce to a location completely isolated from other sounds. Such an approaceh is

not faasible for most sources. Therefore, an overall analysis of the background noise

is warranted, : -

Many times the situation can be handled by observation. This can entoil ne
more than moking a site visit and using judgment to determine whather or not the
source of interest "seems* several magnitudes louder than the background. If not,
geoustical measurement aquipmant needs fo be used. Normally a sound level meter
is adequatle using, where applicable, the préceding technique to evaluate both the
offective tamporal and spatial separation when both source and background are
essontially constant in level. The minimum alloweble difference batween the source
ond background levels is 9 dB. A lesser differance will preduee inoeeuracies of 0.5‘ ;

dB or groater in the levels measured,

Special eonsideration should be given to multiple noise avent siutations.
Whereas comparing Lmux with background levels is normally q straightforward tesk,
as outlined above, analysis of extraneous background influences becomes more eritical
for averggo noise level measurements intagrated over a longar time period. For

instance, asectien of highway adjacent to a construction site might prohibit either

B=15
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tcurca from being measured due to similer noise levels from each source. A 9 or 10 4B

1

difference tcetwesn maximum ieveis emitted By the nighwayv cnd consrrucrion site is

not an adeaquate criterion in rhis sirugrion when mecsuring average noise levels. A

ketter criterion would be to compare the maximum level of the extraneous souree (s)
with a level that is typical of the lowest levels emitted by the source of interest,
A 9 or 10 dB separation between these two would tend to ensure negligible influence

on the measured average noise levels of the source under siudy.

Finally, presence of nearby reflecting surfaces which are not typical for the
site can be considered as representing one form of interfering "psevdowsource — the
reflected naise can interfere with the desired direct sound. For measurement of
highway vehicles, it can be stated that reflecting obstocles smaller than 2.4m long
by 0.6m high (8 f long by 2./ high) in the immdeicte vicinity of the monitoring site do
not produce any significant errer in the measurement of A-weighted noise levels from
highway vehicles. Neither, it appears, do bushes or even fairly dense hedges, unless
they are situated between the vehicle and the microphone., Under these conditions,

)
a reduction in the measured noise level is pessible.’
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APPENDIX C

NOISE MEASUREMENMT INSTRUMENTATION BACKGROUND

This appendix provides (1) conrinuation of the introduction fo community noise given in
Section 1.3 of the manual text, (2) background infermation on measurement system
specifications, end (3) a discussion of the function and use of specific items of equipment
that can be utilized in the measurement and analysis of community noise data, Befcre
using this appendix, be sure fo read and become thoroughly familiar with the material

presentad in Section 1.3 of the manual introduction.

c.] Measurement Terminolegy and Metries

The term "metric" may be used to designute a specific scale for measuring
properties of noise. Many metrics have been developed to identify various acoustic

phenomena related to such things as noise soures characteristics, the human perception

. of noise, and impaet of a noise environment on people and communities. Several

metrics, such as A-weighted sound lavel, egquivalent sound level, and day=night -
sound level were infroduced in Chopter 1 of the main text. This section continues with
a few additicnal metries which can be easily measured or calculated and which can

provide @ meaningful deseription of the noise envirenment for mest communities.

* n .

Sound Expesura Level

This term dafines the noise signature of a single scurce as its noise level
increases and is noted by ar chizrver, Moving transportation sources - aireraft,
cars, trains, ete. = typify this type of noise signature. Thus, the sound exposure level
constitutes @ meosure of the time=integrated noise levels for the single evant, which
means it is @ measurs of the enargy present in each event, For purposes of standardizing
measurement procedures, this energy is normalized to a time seale of 1second. The
basic reasen for measuring the sound expesure level is that it allows an incorporation of

both the maximum value and the time duration of the single avent. Experimental data

indicate that the subjective reaction to intruding single event noises is dependent on
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both these parameters. Figure C-1 illustrates the time histery of a single event and
shows haw {rhe scund exposure ievel is compured o represent, esentially, the crea
|

under fha curve of sound inrensity versus time.

2
/__Ls =10 log [f%.. d!‘]
_ P

ref

2).

N §
:—% ﬁﬂhmﬂf “ . /— Seund Intensity {~ p2) I
2 Wiy : ;
z mrnitf”""“ h’"m ' !
/ | [

| | / o

;

Figure C-1, Time Histery of @ Single Event = Conceptual Illustration of Sound
Expcsurc Lavel, I‘S" hes Logarithmie Measure of Sound Energy of a Single

Noise Event Corresponding te Area Under Plot of Source Intensity Versus Time

-
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Statistical Sound Lavels (Lw. --bog- ..LEO,'indiccred oy L where x = 0 to

100 percent)

Since the noise levels in a community very considerstly with time, o merfrie
is needed which expresses borh o megnitude and time relaricnshio, Recognizing thar over
an extended period, the lime variaticn in environmantal noise occurs in a more or less
random manner, an approoriate noise metric has been defined in statistical terms. The
symbols Lygr Legr and Ly represent, for excmple, the noise levels which are exceeded
10, 50, or 90 percent of the time during the noise memsurement period. Each of these
stalistical noise metfrics is suited for the measurement and definition of a perticular
charocteristic of @ community neise envirenment, For excmple, since the L10 noise level
is exceeded 10 percent of the time, it is ¢ commonly used indicator of the level of
intrusive noises within a community. For this reason, it has been used by the Federal
Highway Administration for the assessment of noise generated by vehicular traffic. The
medion noiwe level, or LSO itself, is a useful messure of average noise conditiens in
the sanse that one-half of the time it is quieter end one=halif of the time it is noisier
than Lgge Itis elso a fairly simple noise metric to measure directly with @ sound level
meter. Since the Lo level describes the noise level exceeded for 90 percent of the

time, it is an appreximate indieation of the more or less steady background or ambiant

- noise level in a community,

Hourly Noise Metries =~ = . --

Figure C-2 presents the hourly values for several of these noise metrics defining

the noise environment ot o suburban single=family residence in Simi, Califomin.] The

environment at this residence is charoctarized by noise from a nearby highway, railroad

lina, general neighberhood activity, and an occesional small aircraft overflight. The

noise environment inciudes major intruding noise levels from roilroad cperations, while
the buckground ambient level is esteblished primarily from the noise generated by the
heavy traffic volume on the nearby [imited access highway.

The noise levels ot this location range frem 90 dB during the day to the beckground
ambient noise lavels, which drop 1630 d8 in‘fhe merning hours. The heurly equivalent sound levels

et ey b e 4 e
,




TEY TN bl v
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Figure C=2, Illustration of Various Metries for Defining the Qutdoar Noise

Environment in Simi, California
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Octave /QOne=Third Cctove 3and Lovel

This merric is used ro exnress informaotion sbourt the frequeney content of o
noise signal. The frequency conrent of the nolse is determined by dividing the origingl
noise signal, by electranic means, into a teries of bands esch covering speci-
fied frequency renges. The most common frequency intervals or bands used in

eommunity noise evclucticn are referred to as octave bands, each octave band covering

a suceessive 2=to=1 range of frequency. This analysis yields a series of levels, one for

each band, colled "octave bond sound pressure levels." The preferred series of octove
bands for acoustic messurements cover the acudible range of frequencies with B bends
having center frequencies of 43 Hz to 8000 Hz, where each band-center frequency
differs fram its neighbor by a factor of 2 (i.e., 63, 125, 250, =tc.). For o more
detailed enclysis of the distribution of sound energy as a function of frequency, one~
third octave bands are often used — o frequency division which splits each individual
octave bend into three consecutive frequency bands. For the latter, the preferrad one-
third cctave band frequancies normally extend from a center frequency of 50 Hz to

10,000 Hz, whers each band centar frequency differs from its neighbor by approxi=

mataly the cube reot of 2 (i.e., 50, 63, 80, 100, etec.). Figurs C=3 illustrates an

octave band and a one=third octave band spactrum of a typical autdoor noise event,

R AR TR Y
e

90 L) LR LR ¥ 1 Foe A 1 & v TTEvl]
r
C o8 80 [ emmmee Qetave Band: :1 -
! t
8 === One=Thind e= L]
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o 70 [ B ] -
3 T ead L'L..,
- red 1
3 ) -
0 = od b1 " s ~
g :P “ L--.—dr }
] i
- —d beq
‘E w b= :L Sl — -
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Froquansy, Mz
» Figura C=3, Comparison of the Octave and One=Third Qctave Band
Spectrum of an Autemobile Hom
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C.2 Sound Fielcs and Sound Propagaticn

Point Scurce

The simplest form of sound scurce is ¢ sphere that rapidly expands and confracts
over its entire surface, One can think of this source as en air-filled spherical balloon,
Now periodically pump air into and then out of this ballocon. The surface of the balloen

then expands and contraets, uniformly, af the rote ot which air is pumped in.and
out,

If this rate of spherical expansion and contraction occurs at a rate within the
frequency range of sound, this source will radiate sound equally in all directions from
an apparent "acoustic center, " which is actually the center of the balloon. It acts like
a “polnt" souree, insofar as sound radiation is concerned. This simple "pointesource"
mode! predicts the ideal decay in sound intensity as one moves far away from most single
sound sources, This decay in sound level, colled spreading less, oczurs due to the ever
greater and greater area covered by the spherically spreading sound waves as they move
away from the "point source.” This sphericﬁf spreading [oss amounts to @ decrease in
sound level of & decibels for every doubling of the distance from a source. Thus, if the
sound lavel is 66 dB at 15m (50 ft) from, say, a stationary ear idling its engine, as
illustrated In Figure C~4, the spherical spreading s causas the automokile noise to

decrease to 60 dB as ene moves to a distance of 30m (100 if);

i @ dB — &6d5  dB
| .
P _ 60 dB
| .

{ - . |

15m Om 15m Om
Distance {Linear Scale) Distance (Log Scale)

Figure C-4, Spherical Spreading Loss fram a Point Source

i
f
|
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Line Source ,

If a continuows siring of aulscring bellosns were cll lined up in ¢ row — <o
that the noise source now ccted like o very long pulsating rusber pipe, the source
begins to tcke an the charccter of a "{ine source" for which the sound level decays, in
cylindrieclly spreeding waves, by 3 d8 for every doubling of distence from the source.
This is the simple model for sound decay for, say, o long line of cars moving along fairly
close together so as to act like o "line source," as illustrated in Figure C=3, The

-decay in level for a point source is shown for comperison,

Decrecsing 3 ¢B per Double
/Dismnce (Line Source)

Decibels

Decreasing & dB per
# Double Distance (Point
Source) .

Disranlce_. (Log Scale)

Figure C-5., Spreading Less from a Line afd Peint Source

Directional Source

In actual practice, noise sources are not as simple as point or line sources. The
sound i3 not radiated uniformly in all directions, either because the shape of the sound

source is not spherical, or because the amplitude and timing of the vibrations of

the different parts are not uniform, or both. The net rasult is that more sound is radi=

ated in some directions than in others. In other words, as illustrated in Figure C=4,

the sound lavel for a given distance is different in different directions.
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Figure C=6.  Simplified Contours of Egual Sound Level
Around a Large Power=Disiribution Transiormer

When such a directione! sound saun:;: is far from any other objects, However,
it behaves in some ways like a point soures, For example, the sound level
decreases 6 dB for each doubling of distanca, provided we start cur messurements at o
distance away from the sourca that is at least as’large as ﬁje largest dimension of tha

source, and provided we move along a straight line directly away from the sourze. In

- actual practics, this idealized behavior is upsat by the effacts of the local tarrain,

atmospheric conditions, and the interference of nearby objects.

Free Field and Reverberant Sound Field

There are several factors which will interfere or aiter these patterns of sound
decay from point or line sourzes. Reflecting surfaces such as building walls, will causa
the sound to bounce back and forth so that the sound waves de not spread out &s they do
in a so~called free fiald (where there are no obstructions), Such sound fields, con=

taining meny reflections of the sound from a source, may become reverkarant, like the

sound inside a room with hard walls, Then, the sound energy decays near the source like in

C-8
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a free fieid, due ro the soreading lozs, but finglly reaches o level at @ disrance from the

" source whera rhe conrinuing refleciions of the "reverteronr fieid" cause the level to

decrease much more grecually. Sueh o situation, which can occur in cemi-enclosed areas,

is illustrated in Figure Ca7.

Decay for Reverbercnt

Field ,Reverberant Sound
=/ Level
Decay for Free Field

dB

I e

Distancz (Log Secale)

Figure C=7. Illustrotion of a Raverberant Sound Field Bounded by Reflecting Walls
and the Resultont Change in Rate of Decgy of Sound Level with
Distance from a Point Source

There is a rather important parallel between the reverberant sound field inside
a room and the sound lavels one meosures outdoors. Inside a hard=walled room, as one

moves away from g specific source, the sound level decays 1o o ploteay, called the -

- taverberant lavel, due to the influence of the many reflections from the single source

off the walls of the room. Qutdoors, as one moves away from a sim::;le source, the
level of this source decays like in q free field, but the total noise level observed again

tends to level off to the so=called background ambient noise lavel which is due to the contri-

butions fFom the many other outdeor sources that we hear,

Refraction of Sound

Qutdoors, where the temperature is not uniform with height above the ground
or when the wind speed varies with height abeve the ground, then sound waves do not
spread out unifermly in radial directions frem point orline sources, Instead, as the rays of
sound travel they are bent by this nenuniform atmosphere to cause what can be very

large changes in level between a fixed source and observer — changes in level which
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yory with the local weather end hence with time, Figure C-8 illusreares how this
etmosgheric refraction effact can result in qooustic "thadow!" zones in regions where
sound rays are diffracted upwarde awey from the ground. The result con be o decrease

in sound levels of 10 dB or more below that for no difiraction.

Height
Acoushc Shedow

Speed of
Sound

r

Figure C-8 . Refraction of Sound Rays by Normal Decrease in
Temperature with heughr

. ;&bsomrion of Scu.md“

Finally, seund actually loses energy os it travels, due to absorption by the
ground or by absorption in the atmosphere so that at distances from o noise source
greater than ahout 50 m, these losses cause the sound field to decay '
oven more rapidly than the simple 6 dB or 3 dB per doubling-of-distance laws. This addi~
tional loss can be very roughly accounted for by including, for ground cbsorption, an
additional 1 dB per doubling of distence in the spreading loss and, for the air absorption,
decreasing the source levels by an additional 0.6 dB for every 100 meters of source=
receiver path length. Thus, for the single stationary car generating o noise level of 66
dB at 15 maters, the level ot 120 meters would be decreased by 7 dB per doubling of

distanee (for spreading and ground absorprion less) .times three (the numbar of times the
distonce is doubled between 120 and 15 meters) and further decreased by 0.6 d8 per
100 meters {or 0.7 dB) to give o total attenuation of 7 x 3 + 0,7 = 22 d8 and a resultant

“level of 66 = 22 = 44 dB, .o e e e

€10
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‘€.3  Mecturement ond Anglyziz Svaiems

There cre teverel gererc! tycos of insirumenterion aveilable for the mecsure=
~ment and ancly:is of community naise. The performence :pecificarions of these verious
systems [imit the renge over which they con accurately périarm their specified measure=

ment or analysis functicn.
-

' Any megsurement or cnalysis system may be schematically deseribed as con-

sisting of three elements (see Figure C-9 ). There is (1} en input element which pro-

vides data to a system, (2) a furctional element, which operates on the data in some

manner to generate a desired metric, and (3) en output element which prevides some

type of visval or written record of the metric.

-Input Eiement Functional Element Qutput Element

* Microphone * Amplifier
e Filter
# Weighting Network

¢ Meter
. . o Graphic Plottar

1)

¢ Storage Device

S et e mm W e
s p
T A A e s = e m—

!
!
i

Figure C-9%. Basic Elements of @ Measurement or Analysis System

For the standerd sound level meter, the input element is o
microphone, which converts acoustical energy into electrical energy, The funectional
eloment is an A-weighting network and amplifier which shepes the frequency spectrum
of this electrical signal (the converted acoustical signal) so that it approximates the
response of the human ear. The output element is o meter with @ scale gradueted in

decibels which provides o reading of the measured noize level.

*
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For o lcboratory dete anaiysic swstem, the input is o tcce recorder, ued to

Ye on octove

.

play beck dara from field meczuremenrs, The funcrienal eiemenr zoul
beng filter, whnich separates the recorded ccoustical date inre separore alecirical
signals for ecen of the ocrave bands, The output element might be o srrip chart recorder

wnich provides g written record of the sound prassure ievels in eqen of the octave bends.

The concept presented here is that any single qecoustic instrument, or system of

" instruments, may be represented by these three elements, ragardiess of the complexity

of the individuel system components involved,

C.3.]1 Basic Specifications

The funetions of an instrument, or system of instruments, are nermally set forth
in terms of performance specifications which describe the eiectrical and physical

characteristics of the instruments under conditions representing the tange of narmal
wsage.

An extensive voesbulary of terms exists for defining the operating and per=

formance specifications for magsurement instrumentetion. Many of these terms are ina

- mathematical format, or previde g level of detail in excess of that required for the

field operctor to have a functional undemstanding of his equipment. Hewever, it is vitel

that the operator have a basic understanding of certain spacifications which define the

"limitations of his equipment and therefors the eredibility of the megsurement and onaly=-

sis tasks which ho has undertaiten. The following terms are commonly utilized ta define

these end=to=end performence spacifications.

Ascuracy = The cleseness with which the output of a device actually represents
the theoretical value which it is supposed to represent., The degree of acguroay is

a’' practical compromise based en the measurament state=of=the=art and cost of

producing the device. For example, mecturament and analysis instruments must offen
be copable of providing an output accurate enough to serve as unambigusus avidence

In any legal controversy concerning the noise environment, The noise measurement
Th— T

’




-2 AT WY ATGUJ LDT8

device musr therefore be o "witness" whose tectimony can ke gccepted by both sides of

o noite conrroversy, Acgurgoyv is eommenly exprecsed in term: of the range, in decibels,
wilhin wnich he ccrual measured oursut fatls s an approximarion of the true environ-
ment. ldeally, this accuracy is also specified by its confidence limits. For example,

on end-to-end oceuracy of a complete high quality noise menitoring system might be
specified by a 95 percent confidence that the mecsured vatue is within £] dB of the

trug value. This would be approximately equivaleni to staring rhot the standard devi-

“ation of the (nermelly distributed) measurement errors would be 0.5 dB.

Freguency Respense - Defines the range (limits) of frequencies which may be

processed by the instrument without cdversely aoffecting the resultent deta. Twe problems
may be encountered when the signal heing procested or conditioned by an instrument
contsins frequencies outside the ronge of the instrument. First, the daoto contained in
these frequencies may be distorted or otherwise altered by the instrument — producing
invalid eutput, Second, the energy contained in this signal, associated with these fre-
quencies, may limit the range of noise levels which may-be processed by the instrument.

Frequency response is normally specified in terms of the frequency ronge {in Hz) within

~ which the input/output amplitude response is quite uniform. A typical renge for acou-

stical instrumentation is e uniform response, within =1 dB, from S0 Hz ro 15,000 Hz.

Dynamic Ronge ~ This is the most important single equipment specification
for this manual. 1t defines the range of input noise lavels which may be megsured or
analyzed by an instrument without degrading the accuraey of the measurement. An
improper understanding of this specification may cause expurienced measurement tech=
nicians to tcke “false" data, so that errors may be produced in the resultant data which

are undetected by observing meter readings or listening te a noise source.

The dynamic range of an instrument, which measures or analyzes noise lavels
diractly from g microphone may be set forth in terms of the lowest and highest noise
levels which may be accurately meesurad. For an instrument which converts or stores
an electrical signal, such as a tape recorder, the dynamic range is defined as the range

of input veltages aver which it will parform its design function.

c-13
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The "high" end of an instrument's dvacmic ronge is limired by distorrion due
to input level:s in axcees of the specificarion. Disrertien iz srezenr in @ measurement
when the eleciric=! signal waveform dees net cecurctely represent the inputr ccoustical waveform.
When distarfion is present to any great extent, it tends to invalidate the output

data or measurements provided by the inzfrument.

The "low end" of an instrument's dynamic renge is established by the electri=
¢al noise level of the instrument (sometimes referred to as noise fleor)., The electrical
noise level is simply defined a: that noise (voltage) which may be measured at the out=
put of the instrument when there is no aqcoustic signal present ot the input. If an
operator is not gware of this limitation, he may assume that erronecus mecsurements
{which actuclly represent the internal neise of the instrument) constitute valid data.
Figure C- 10 illustrares a typical exemple of hew apparently low naise levels measured

outdoors late at night can actually represent the electrical noise floor of the instrumentation,

*r 4
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v
!

" -
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Hour

) F.'ig‘ure €-10. Outdodr Measurament Which Drops Below Electrical
Noise Fioor of Measuring Instrument

Twa types of noise may esteblish this lower measurement range of an instrument,
The first is the "hum" which ¢an be introduced into the instrument from the line power
{usvally 117 veits, alternating current) ot the power line frequency of 60 Mz or its
second or third harmonic (120 or 180 Hz), This type of neise can be minimized by
coreful electrical grounding of the instfrumentation when it is connected to cc power
or by coreful electrical shielding of sensitive (low signal level) portions of the megsure=
ment system. The sacend type of noise is technically defined as “thermai agitation®

end is generated by the random moticn of alectrons in devicas within the electronic

L]
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cireuitry. This noise level hes snergy over the enrire frequency specirum and mav

therefore infrocuce srross ab anv irequency where the ticnal level i oo iow,

Figure C~11 illustrates the expected variction from site to site of the renge

between meximum end minimum instantaneous noise levels thet one can expect to
encounter in outdoar noise measurements in residenrial erecs. The figure is based on

date recorded continuewsly for 24 hours ot 100 residential sites througheut the United

States not located near cirports or limited cecess highways.z

i ] ] i i ] | ] | ] i | I
40 -
| [T e
— o= 1 (Doytime Qnliy) —
! Il : me- Lmin
an - ! 1 (24 HOUB) )
} i
3 ' »
= . 1 —
2 [ 1 .
2 1 1 .
$20 |- ! 1 -
g I ! .
& . i '
t : |
= [ L--¢= . —
{ !
i : ! ' .
' - __1 Meen=25648 | Mean = 58 dB -
BN l L] ‘m
-0 1 ! J | — | l { 1 l ] 1 1 !
10 - 0 30 40 2 & 70 g0

e

Dynamic Range aof Duru, dg

Figure C=11, Dynamie Range of Outdeor Noiss Lovels at 100 Suras in Major Urban
Areas in the U.S. (from Reference 2 )

The solid line on the right of Figure Cu1l thows tha extrame range over g 24~
hour day between the maximum and minimum levels observed. The mean range is 58 dB,

but 5 percent of the sites had @ range between 75 and 80 dB = well beyond the normal

c-15
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dynemic range of conventiongl fixed~goin dara recsrding cystems. The extreme ronge for

just the cdaytime hours(7:C8a.m. = 10:00c.m.} fram the teme dota was stigntly less, The
mean was 5348 with Speraent of the :ifes exceeding 70d3. This is still beyond the normal
dynamic range of mosr fixed=gain recerding instrumentaticn. However, if the renge is
restrieted to the levels between the minimum ond the level exceeded only 1 percent of
the time, the rcnge of the date reduces drastically., A further reduction is achieved if
only the middle 98 percent range of the data is considered (l.a., berween LI and L?,?).

~—-—Iin-this case, as shown by the dashed line in Figure C«11, the mean dynamic range of
the data, considering daytime levels cnly, would be enly 25 dB with 3 percent of the
cases of L, = L99 exceeding about 33dB. The meximum value of L; = Lo {daytime)

was 34 dB, Thus, cllowing for decrected noite levels ot night, a minimum dynemic

range of 40 to 45 d3 will ze required for a fixed=gain mecsuramant system and this

range would usually have to be positiened earefully to coincide with the actuel dynamic

- range of the datq to avoid clipping levels below the LI limit,

1t should be ‘pcinred'ouf that very few of the community noise studies canducted
up to now have incorporated sufficient dynamic range in the instrumantation to encom=-
pass the full dynamic range of outdoor noise levels that is indicated in Figure C-T1.
Howaver, the dynamic range within the statistical levels of, say, L1 ) qu is usually

well within available instrumentation capabilities.

Measurement Ronge = Clearly, some feature of the measurement sysiem must

be dafined which allows carsful pesitioning of the dynamic renge of the instrument to
match that of the data. This faature can be identified as the measurement range. This
defines the copebility for an instrument ta accurately opercte over @ wide dynamic
rangs of noise fevels ot a given time. Instruments which connot be operated in o fixed
megsurement range econfiguration cen cover a broad dynemis range of data in several

smaller incremental renges through the use of internal range switching of their amplifier

companents, commoniy accomplished with attenuaters.

~

- Cue )
For exampla, a standard sound level meter is provided with the following

specifications:
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Megsurement Ronge: 30 c8 to 120 48

Meter Range: =100 10 43

which means the sound leve!l meter will accommodare a range of noise [evels from 3048
te 120 dB; however, attenugtor switching is required for the indicating meter o meesura

this range of noise levels,

Figure C.12 illustrates the concapt of dynamic renge, applied to a sound level
meter. On the right side of the figure, the entire mecsurement range of the instrument is
indicated. On the other side, the range of meter levels which may be read from the

meter is illustrated.
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Figure C-12. Simplified Illustration of the Dynamic Range
of a Sound Lavel Meter
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Environmental Cheoractaeristics = These dafine the axrent to which on instrument

will meel itz mecturemen: cerTrmencs specifications while szerafing in an odverse

physical environment. This is a significant specification for eguipment which must be

10

operated outdoors, and frequently be left unattended for prolonged periods of time.
Specifications are set forth in terms of resistance to moisture, wind, rain, sclt spray,
temperature extremss, resisionce to electremegnetic interference and, for unattended
systems, resistance to tampering or vandalism. Equipment is therefore either designed
for outdoor use or laboratory operation, since requirements for application to outdoor

unmanned sites can impese costly environmental requirements not needed for lakaratory

R L

instruments, . .

B L L g —

€.3.2 Measurement and Analysis Instrumentation

There.is a broed range of instrumentation availsble for the measurement and
anclysis of community noise to cbtain the noise metries defined eorlier. Some instru-
mentation unifs will perform an entire "mecsurement/anclysis® function without the
necesity for recording and laboratory pmce.;sing = as with the hand=held sound level
meter, To obtain other metries, or meords of data taken over extanded periods of time,
it is frequently nacessary to assamble an "instrumentation system” with which deta are
recorded, taken ro a labaratory, and analyzed with various ftems of instrumentation and
-possibly @ computer. ) | .

Tha single integPated ingruments, as well as the instrument components of

‘various magcsurement and/or analysis systems ane discussed in the following paragraphs.

.C_f.3.2.1 The Microshone

4.2

The microphone will be considered as on integral element of other measure=
ment instruments to be considered hem, such as the sound evel meter. However, the
microphone is possibly the most important singie component in on acoustie megsurament
systom, and improper use and/or treatment of the microphone can reedily produce signi=
ficant mecsurament errors which may be virtually undetectoble in measured and analyzed

datg; therefore, some specific discussion of this devies is in order.

C-18
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A micropnene is ¢ device ther tronsiates ccoustizal energy into electricai
energy in o way ther :ubstanticlly arecerves the thape of the ccousric waveform. Many
types of micrognenes axist, with chargererisrics to suir particuler applications, as there
is no single micraphone that will aiways satisfy oll possible mecsurement requirements,
A microphone is, of necessity, a deliccre instrument component and thus requires care

in handling end usege.

When considering a micropheone for a specific purpese, one must consider the
nature of the sound field, the important characteristics of the sounds to be megsured,
the environmental cenditions under which the microphene will he opercted, cnd the
precision expected of the mecsurements. It is especiolly important that the selection
of the microphane and the accompanying measurement system mateh the frequency
characteristics of the sound source, For example, for precision meeasurements at high
frequencies, it is impertant to choose a microphone designed to mecsure correctly in
“free field" environments for outdoer measurements. Sound diffaction effects around

the microphone ean cause differances in measured sound levels at frequancies chove

10,000 Hz of as much as 10 to 15 dB.

At the present time, the following types of microphones are being utilizad

for community noise meesurements:>

1. (:'cl;émié N.licropha;aas

The ceramic microphone uses a piazoelectric ceramic (lead=titanate, lead=-
zircenagte) as the yolfcge—generuﬁng element. (The term piezoelectric indicates that
the material produces a veitage when it is strained.) A diaphragm fastened to the
ceramic transfars the sound-pressure variations into a corresponding varying farce that

strains the caramic element thus preducing a voltage.

This microphene is stable and rugged, ha: a reassnably smaoth frequency

response, and is relatively unaffected by normal temperature and humidity chenges.

—— S Ere——
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It is commenly supplied with medium quaiity sound level meters, It zzn be mounted
directlv on the insrrumenr or sepcrorely, with connezrion by exiansien cale. Seccuse
of its choragraristics ond ecte of use, this tvpe of microphone is generaily preferred for
mony sound mecsurement applications.

2. Condenser Microchanes

Another type of microphrione, known as the condenser, electrostaric or copeci-
tor microphone, is afsa used for measurement purposes, Again a diaphragm is used and
it is set in motion by the sound pressure. Here, the veriation of an electrical capaei~
tance, formed between the thin, stretched dicphregm and a backpiate, is used to
develop an electrical signal when a high palarizing voltege is applied to the copaeitor,
These microphones have excellent frequency response and are preferred far high precision

mecsurements and applications requiring higher frequency response.

3. Electret Microphones

- Another microphone of Hie condenser.type, using o thin, plastic filmasa
digphragm, has @ conductive coating on one side. The film rests on a perforated,
metallic backplate with meny small, supporting raised points. The sound pressure couses
the film to move with mspect to the backplate, thus varying the capacitence between
the conductive eoating and the backplate. By the use of a suitcble plastic and proper
treatment, the microphone maintains its own polarization and the copacitance change
generates a correspanding eleatrical voltage, Yhen the microphone is self=polarized
in this manner, it is called an "electrat microphane.® This microphone con alse be
built to have an excell ent combination of frequency response and sensitivity charae

teristics, although it tends to have slightly less stability over time thon @ condenser
microphone.

4. The Hydrophene

This microphone wos designed originally for underwater measurgments, but in

racent years has heen refinad for general purpose outdeor community noise and aircraft




- sary U¥ILY AUV D30

neise measurements. The hydropnone utifizes piezeeieciric ceramic tensing elemenrs.
The normal problems of humidity and remgercrure sensirivity are minimizad by t2aling
and eiectronic compensarion, Because of low sensitivity, this micrephone is not suited

for mecsurements at the low noise levels that nermally oecur in nen=airpert communities,

C.3.2.2<-Sund Level Meter

The sound level merer is o portchle acoustic mecsurement instrument — small
enough to be carried by hand = and wtilized for megsuring noise levels for a wide

variety of applications.

Figure C-13 is a schematic illustration of o typical sound level meter. It

centains the following deviees in a single integrated nockage.

® A microphone to convert acoustic energy (neise) into an electrical
signal.
® Anamplifier lo increcse the voltoge from the microphone for -
-mecsuremant.
e A "weighting natwork" tm convert the signal from the microphone from
. @ voltage preportional to sound pressure level, to a voltege proportional

to acise level (A=waighting). Other types of weighting networks,

. ot addressed in this menual, are also provided.
o An atenuator for selecting the ronge of nolfte levels to be measurad. *

o .Ametor = with @ scale in decibels ~ for read ing the noise level

being mecsured.

® A windsereen ~ this deviee protects ogainst wind=induced noises

created at the microphone.,

e Some sound level meters also come equipped with octave band filter

sofs — permitting the measurement of individual octave band noise

HooL fevels in the field,

*For sound ievel meters that use two attenuators, care must be taken to set them
properly to aveid degrading the dynamic range of the meter,

c21 ..
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s Amplifier s
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s fatterias

" Microghone Meter

Figure _(:-;13. Ilustration of Typical Sound Level Meter
_Elements o .

Americon Naticna! Standard Specifications establish uniform standards for
certgin types of neise measurement. Such stgndords hagve been defined for four types of
sound level maters! Type 1=" Precision " Type 2 = "General Purpese,”.Type 3 -
"Survey,* and Type 4 = “Special Purpose.”  The first three types differ in their per-
formance requirements, with the requirements being most strict for the precision type,
and less striet for the others. A new type, called an Impulse Sound Level Meter, is also

available with substantially more aecuracy for highly varicble and impulsive sounds.

C.3.2.3=0ther Basic Elements of Acoustic Instrumantation

1. Quidoer Microphone Svstem

In survey applicetions where it is necessary to make megsurements for extended

periods of time in outdoor environments, an outdoor microphone system is frequently

«tilized., This instrument contains several of the fegtures included in the sound level

moter, but is housed in @ weathemroof case to protect the electronics from adverse |

.weather environments. A typical outdoor microphone system, provides the follawing

features:
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* |Microchone, windsereen cné protective deviee cgainst birds
*  Mounting sole r the microghona
¢ Weather- and tamper-oroaf case containing the appropriate electronics

» The output from this system may be recorded and/or enalyzed in the

field or transmitted to a centralized control station for processing,

2. Magnetic Tape Recosrcer

The most widely used dota storage device is the magnetic tepe recerdar, Noise
data moy be jed o this device from eiiher a sound level meter or an outdoor microphene
system end continuous permanent recordings made on megnetic tape for periods nor=
mally 1 to 2 hours long, depending on the tape speed and reel size, The tape may he
replayed later in a laborarery for analysis by other instruments to cbtain the desired
metrics or a time history of the recorded data. Precision porteble recorders are avail-
"able which incorporate many of the features of g sound level meter, while some constitute

- .complete self-contained measurement cad recordiné systems allowing two or more data
channels to be recorded at the same time. Accurate knowledge and proper utilization
-of the dynamic range of a tape recorder is, perhaps, cne of the most important aspects

of their use for community noise measuremants,

3., Graphic Leval Racorder (GLR)

This device provides a visible chart record of alectrical data fed into it, It
:may be connected to @ measurement device, g tape recorder, or a frequency cnalyzer,

It usually hasvariable receording speeds and ean be used to obtain permenent records of
the time history of most types of noise envirenments encountered. An important oper=

ating parameter of a graphic recorder is its writing speed, which should normally be
-adjusted to track noise levels at the same rate as would be observed visually on a sound
level meter set to "slow"” or Fast."s Manufacturers of graphic recorders normally
previde the proper writing spesds to accomplish thiz, althaugh the actual cerrespendence

between graphic recordar and sound level meter readings will only be appreximate.
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4, Full Cetave/Chae=Third Oatove Seacrrum Anglyze

Until the agvent of Righ speed digitai dare anclysic systems, the cctave end

one=third cetave band frequency analyzer was one of the mest popular Icboratory
enalysis instruments. This device is still frequently used in cenjuncticn with o grephic
level recorder to provide full octave or one-third cctave data analysis of the frequency
spectrum of noises. The unit may also contein other useful conditioning and anclysis
features. It is always important to know the limitations of the frequency response char=~
acteristics of filters in a spectrum anclyzer when mecsuring very unusual speetra with
single frequency compenents, However, for meny cutdoor noises, the frequency discri-

mination of mest analyzers is usually adequate to provide an appreximate indication

of frequency content.

5. Districution Analyzer

This instrument is fed noise level data from @ mecsurement device or o tape
recorder. [t records the elapsad time of the varying noise levels in noise level bands -
-equally spread over a specified dynamic range. Thus, it divides the distribution of noise

lavals in terms of the cumuletive time the level falls within any one of thesa bands of

" noisa lavel, The device may be left unattended for up to 24 hours or more, or the

readings may be menually recorded at the end of every hour and the elapsed time maters [
for sach noise level band reset to zerm, The resultant data may be used to derive most ]

-of the relevant noise metries discussed in this manual.

One model of this instrument is supplied with an external microphone for con-
tinuous outdoor noise monitering and ineiudes a battery and a waterproof case, Anether
model is designed for aperation in ¢onjunction with a graphic level recordar. This is

primarily a leboratory instrument, but may be utilized in surveys with proper environ-

mental protection. : )

6. Real Time Analy=zer (RTA)

This versatile instrument has come into extensive use in recent years for the

laboratory anaiysis of accustie and vibration phenomena. The data signal to be processed —
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from a tape recsrder or microchone — o fed to o et of ane=third ocf:ve band filters
covering @ frequency ronge of 25 Hz to 20 kiiz, The levels of the individuel Bends are
disployed simultaneously across the foce of a large cathode ray rube (CRT) —a tube
similar to o television tube . In cddition to the frequency anaiysis, the noise levels
based on various frequency weighting networks ere clso disployed on the CRT. Exten=
sive controls are supplied to permit o variety of methods for storing, averoging, ond
sampling of the date. Elactrical signuls representing the analyzed data may be used to
oparote recording devices ~ such =t level recorders, There is also a digital output for
aperation of the RTA with a compurer. \When operated in conjunction with a com=

puter, the datc processing eapebilities of the enalyzer are further expanded to peemit

the calculation of o series of complex noise metrics and to provide o variety of dato
presentatian formats.

7. Community Noiwe Anciyzer

" This davice, when used in conjunction with.an cutdoor microghone system o
with tape recorded data, will aequire, calculate, and display Leq, Lyq¢ and L for
any period up to 24 houts or greater. Certain models are equipped with outdosr micre-
phones, wecther protaction, cnd batteries, and may be left unattended for periods up
to several days in the fieid to measure community neise metrics. One instrument of this
typs will direetly provide data equivalent to that which previously required a seporate -

microphone, recording and analysis instruments.

8. Digital Computer

A digital computer is g device which can store (in memory) extensive amounts of
data, perform high speed crithmetical calculations on these data in aceordance with
instructions given it by en operater (programs) and present the enalyzed dafoen a
typewriter, high-speed line printer, plotter, of carhode ray tube (CRT). The spead of a com=

puter is such that, in addition to its "computing” function, it can simultansously control
auxillary devices such as measurement devices, tepe recorders, and anajﬁ: telling

¢ RS ———

these devices when to operate, when to supply it data, and how and where to display

the processad data.
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The principal appiieotion of digital cempurers te this manual i rher of
larze cempurers lecered in darc srocessing focilities where reces or reculcted dota
are senr and procested to accommodate either ¢ large volume processing and/or

highly sophisticated caleulations. This type of computer operation is referred to

os "bateh processing.”

€.3.3 Measurement and Analysis Methods

Measurement and analysis methods based on these systems are described in
the following paragraphs. The systems are greuped according to the measurement

metheds only, since there are o wide variety of analysis methods generally aveileble

fer each type of mecsurament system.

Sound Leve!l Meter

Whaen the only instrument required is a sound level meter, datc cnalysis can
be performed by hand, even thaugh some complex metric calculations may be involved.
Magsurements ¢re made, and date presented, in accordunce with the program plan fer

the specific survey. For pilet surveys, the sound level meter is read by visually
averaging a characteristic position of the sound [evel metar indicator aver a specified period

of time, (i.e., centrai tendency of the minimum for backgreund ambient level, or central

tendency of the maximum for average sound leval wing "slow" meter movement). For appli=
cation to bosaline area noise surveys, the sound level meter should be read end the resulting
data recorded aceording to the procadure definad in mare detail in Section 3.4 of the
manual text. The resulting data can be analyzed manually or by computer to obtain

the various community noise metrics ch, L dn’ Lx, ate.,

_DLgitul Sound Laval Matar

Other than providing a digital readout for @ conventional sound level meter,
these deviess also can provide cne major impertant additional feature — the ability to
measure the energy average of a sound level over a praselected tima interval (say, 10 seconds

or 1 heur) and provide the output in terms of the equivalent noise level (Leq) directly in
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digitol form in ¢ simple unombiguecws recding. While these rypes of units are not

widely available now, they cre srare-of-the-arr ond can be exgected to Secome

more popular in the future, -
.

Cutdoer Microphone and Tepe Recorder

Identical in principle to the above, except the desired samples are recerded
at each site, or at each source, and raeturned to the latoratory for pleyback into
laberatery analysis equipment. A substantial amount of dota manipulation, manual or
aufomnﬁc., is usually reguired with this methed. Unless the tape recorder is equipped
with an automatic on/off time-sampling switch, allowing uncttended operation, this
direct-recording type of datc acguisition system requires an operater in full attendance
during all measurements to set up the equipment, cclibrate, change tope reels, and
remove equipment after the survey. Slack time during recording can be wsed by the
operater to maintain @ log of intrusive sources. Data from either the manual or autow
matic (micresampling) mierophone/tape recorder measuremeant system can normaily be

analy=zed by any one of the aralysis systems briefly discussed below.

s  Frequency Amalyzer - Level Recorder

This system is used primarily to provide graphic records of frequency speetrum
analysis of noises and time histories of the overall noise levels, It is possible to utilize
the graphic time history records to estimate the statistical levels over any pariod of time.
However, manual processing of graphic records for this purpese is very tedious and is not
recommended. Early distribution analyzers were attached to the grophic recorder pans to
aceomplish this type of analysis automatically. Howaever, this procedure is not recommanded
comsidering curtent capabilities of statistical distribution onalyzers which operate directly

frem the cutput of a sound level meter.

o  Distribution Analyzer = Computer

This is an uncomplicated technique for abtaining data in terms of the basie
community noise metrics Lx, Leq’ and Ldn' When used in conjunction with a level
recerder, L x measurements moy be introduced into the data. Hourly or daily summaries
of the lavel distributions are recorded from the distribution enalyzer (by hand or by photo-

graphic record) and manually entered on forms for computer processing.
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e Real Time Anclyzer (RTA), With and ‘Without Compurer

This efficient and flexiole anglysis insrrument is commonly used with either
on cnolog recording device - such os a level recorder ~ ar with a small computer, With
the level recorder, the analysis capabilities are similar to these given for the frequency
analyzer, except the RTA pravides substentially greater flexibility in the manipulation

end presentation of the data and provides ¢ conrinuous CRT display of the one~third

' octave frequency spectrum,

When utilized with the small computer, autcmated control of the entire data

reduetion is possible and the advantages of date menipulation and presentetion czpa=

bilities of camputer processing cre realized.
®  Analog to Digital Converter® end Smzll Computer

This method utilizes the conirol copabiiities of the small computer fo convert
analog tape noise level dats te digitel form, and proeess this data to obtain
the desired community noise metrics. It is an efficient technique for reducing o large
velume of data from several field measyrement stations where identical racorders —

wsing identical calibrating techniques ~are utilized to record long duration noise

enviranments.

Qutdoor Microchone/Digital Recording and Procassing

This is an efficient system for recording and processing data from sites whare
a recorder must ba left unattended for long periods. High=density daota storage is
needed to allow a continuous sampling of datg over the entire period of measurement,
sensisting of an hour, doy, or, in some coses, @ woek. Digitel recording techniques
genarally permit the acquisition and storage of sampled data over longer periads than is
possible for an analog recorder even though for both, the racording time is limited by

the length and speed of magnetic tape on a reel.

*This vnit is usually custom designed for particular applications and prices therefore
can only be very reughly estimated.
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Qutdear Micrezhones and Zommunity Noite Analvsers -

When performing a survey wnere the metrics of interest cre Leq and Ldn -

and there is not a reqguirement to define stctistical levels or to identify particular

intruding sources = this system is ane of the mast efficient cpprooches availgble, The

- . 1 . - .
procedure is to set the micrephone and enalyzer in place end perform @ system cali-

- bration. The system may then be left unartended for the desired meesurement pericd —

at the end of this period, Leq and/or Ldn metrics are outomatically calcuiated by the

community noize analyzer end their values displayed by the instrument., No processing

or deta manipulation is required,

Multichanne! Permanent Data Accuisition

This definition pertains to permanently installed instrumeniction to provide
continuoys monitering of all significant areq end souree noise, Existing systems of this

type are aimost exclusively limited to menitoring in the vicinity of airports; howaver,

the data they generate are relevent to the entire spectrum of outdoor noise environments.

There are 'wo disadventages in the application of this typa of system to the

arew and source monitoring tesks addressed by this menual. First is the substantial cost —

the purchase and installation of @ 12-channel system could range from $100,000 to
$150,000. Second, it is not practical to relecate monitoring stations frequently, once
the system is installed, However, for application to long=term monitoring, the low

labor cost of oparation when permanent sites are requirad can make this type of system
quite attractive.

Table C-1 provides the opproximate price ronge for the individual measurement

instruments diseussed in this appendix. Table C=2 provides approximate initial investment

costs for most of the measurement sysrénu deseribad.

' Sy 1 .
"An envirenmental noise classifier, which Is a field version of the distributien analyzer,
discussed earlier may be used in similar epplications, and L calcuiated from its

cutput readings. eq
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Price Range

able C-1

or Incividual Measurement and Anclysis Inssrumenrs (1977 Dollers)

Irttrument

Approximale
Price Range

Cemments

Sound Level Mater

Digital
Sound Lavei Mearer

Quidoor
Microphones
Instrumentotion
Tope Recorder for

Survey and
Laborutery

Digital Tape
Recorder/Playoack
System

Community Noia
Apalyzer

Frequency
Aralyzar

Llovel Rzcorder

Distribution
Analyzer

Reul=Time Analyzar
Small Computer

w/lnterface to
Recl=Tima Anaiyzer

$450-2300 —
{6)*

$1800
m

$1200-3000
{2)

$2000-8500
3)

$8000
1)

$3000-4000
)

15000-6000
@

$2500- 4200
@

$2000-3000

$14,000-15,000
{2)

VYary
Approximate
512,000 1o 20, COO
{2)

Price range includes both precision and nenprecisian
instruments and incluaes micropnone. All higher-priced
units inelude A, 3,C weighting; soeme inciude ocrave band
filter seis.

Filters and computerized overaging zircuits available as
optiens. This is @ precision unit with same basic feorures a3
precision apaleg units, Micraphone included.

Complate salf-contained unit = micrcphone, windscraen,
calitrotor, battery .

Periokle two=channe! recorder. Provision for operating with
irstrumentation micropnanes. One unit includes A,3,C end
D weighting nerworks, Full range of rape speeds,

All digital ﬁeld/lahorafcry system,

Different units have different specifications « alf give L,
L n {or 24=pnour periods. Some units give staristical
descriptors; some average ovar sevaral {ime puriads; some

provide data tapus.

. Full octava and ane=third octave filter sets = A,8,C and

D waiglting., Automatic or manuel cparation. Both
opsroie with lavel racorders.

Batig units record acoustic data on strip chart records,
Higher=priced unit provides many usoful features for
leborotory anaiysis.

Chne unlt is provided with microphone and will perform SLM

functions. Tha othar unit is for eperetion with a lavel
recorder. Both give lavel distribution in 12 bonds.

tnits very similar. Memsura and display one=third ocrave
bands and weighted frequancy data, Many outomatic
features. Digital and enolog cutputs providad.

Prica highly depandent an supplier, peripheral equipment
and software. Price range given includes basie opplication
programs for agoustic darta analysis,

* Size of sample upon which price range is besed.
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Table C-2

Reoresentarive Measurement/Anaiysis Swvsrem Prices

(1977 Dollars)

Instrumenration System

Typical Price~”

Seund Lavel Meter
Digital Sound Lavel Mater

Microphene - Tepe Racorder - Frequency Anclyzer -
Level Recorder

Microphene -~ Tape Recorder = level Recorder -
Distribution Analyzer

. Microphone - Tape Recorder = Real=Time Analyzer -

Lave| Recorder

Mierophone = Tape Recarder « Real=Time Analyzer -
Lab Computer

Microphone - Tape Recorder - Digital/Anclog
Converter = Lab Computar

Mierophene - Digital Recorder end Ployback -
Lab Computer :

Microphone - Community Noise Analyzer

$1,500
$1,800
$17,500

$14,000
526,500
37,000
$33,000
525,000

$ 5,000

*Prices include allowance for test and calibration equipment and system
integration. Madium to high precision equipment was selected.

R =t}
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APPENDIX D
TECHNICAL 3ACKCEROUND ON SAMPLING OF COMMUNITY NOISE

D.1 Intreduction

The technical material develeped in this menua! has drawn uvpon the extensive

information contained in the literature on:™
. . . .. b 14
¢  The design of community noise studies for local communities and
. . 3,6 '
national baseline data bases. ™’

®  The design of source measurement programs.

o Analysis of community noise sampling metheds, particularly in the

area of temgaral sampling.é' 8-14

¢ - Analytical medels for evaluating results of community noice

measuremenis. 15, 16

In addition, results of spa;:ific community neise studies, many of which have
bean cited in the main body of this manual, were utilized. '

This appendix will peovide technical details-only in those areas of community
noise sampling theory which are necessary fo support the metheds outlined in the manual.
For additional details on the chove subjects, the reader is refarred to the literature
identified abeve and to related literature on sampling duignw-w and starisrics.zo' 21

Since the concepts in statistics are a vital part of the basis for a sample design,
a few of the essential principles in statistics are briefly; defined first (Section D.2).
This is followed by a technical discussion on the basis for the spatial sampling methed
chosen (Section D.3), and the influence of temperal variations on sampling accuraey
(Section D,4). Next, the everall spatial and temperal accuracy of the surveys are
consicdered (Section D.5) and, finally, the sampling requirements for source sampling

L}

surveys is discussed (Section D, 48},

M .
All references identified are listed at the end of this appendix.

B=1
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D.2 A Bit of Srctistics - Pradicting the Unorediciahie

-

The sparial cnd tamzorel sattern of community noise is comolex encugh to e
considered a random process.  Inat is, the noise af any one point and time is the net
summation of meny seeminaly unpredictable foctors related to the noise sources them=
selves, the sound propagation paths, and the objective methods used to measure the
noise. These three basic elements are, in turn, governed by the more or less rondom
patterns of peonle's activity, their surroundings, and weather. Notwithstanding this
seamingly unpredictable basis for random variation of community noise, the science
of statistics shows us that there is a structure to this "unpredictability™ which, in fact,

makes it possivle to specify community neise in terms of expecied valuves, Statistical

theory thus allows one e estoblish some order or prediciability to the seemingly dis—

erdered structure of randem processes,

For example, if ane tosses @ hendful of coins, say nine, up in the air many
times, the number of "heads" which oczur in each toss (anywhare from zero to nine)
will vary randomiy. However, after a large -number of such tossas, an order emerges
in the frequancy with which none, ene, twe . . . nine heads occur so that one can
oventually expect that the number of hoads in the next toss will be predicted by the
probabilities illustrated with the histogram in Figure D=1.

150

. F ot '

(2] PR o

%. 1'0'0 - // \\ /\Jormul Distribution Curvo
; & [ .
! buy [ / \ _-Histogram of

% | Binomial Distributian

g 50t / \
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8 : 74 %

0 1 2 3 4 5 6 7 8 9 %, number of heads

Figure D=1, Histogram and Nerma! Curve for Expected Frequencies (y) in Number (x)
of Heads in Tossing Nine Coins 512 Times (frem Referenca 20)
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hictogram, foliows @

-

The actual axpacied number of heads, indicated by this ctairsten

o 1] - ' L - - . . L] |54 -r . &
distrisution ar groneoility function called the hinomial disirizution.

D.2.1 Nermal Distribution

»ban

When the number of intervals along the heorizente! axic of thic histogrom tecames
very small - equivolent to the distribution of heads when tossing many more than nine
coins ot ance (or like examining a range of noise levels in small intervals of, say,

1 dB) - the step=wise histogram distribution approoches what is called the normal
distribution. Twe characteristic parameters define this smooth curve = its mean value (m)
and o megsure ¢f its horizontal spread, which is called the siendard deviation (o).

If one considers, again, the coin tossing histegrom ond asks the question, how many

times out of 512 tosses will [ get 3, 4, 5, or 6 heads, the cnswer can be found by

adding the heights of the pedestals ovar the numbers 3, 4, 5, or 6. {The answer is 420.)

This is equivalent o adding up the aree under this portion of the distribution curve to
obtgin @ measure of the expected number of hegds.within this range. .The corresponding

process can also ke carried out for any desired interval for a normal distribution curve,

a3 illustrated in Figure D-2.

= Figure D=2, Relativa Areas Under g Normal Distribution Curve Within the Limils
of £ One, Two, or Three Standard Daviations Abeut the Mean

The shoded areas under this curve ars proportienal to the probability of an event falling

within 21 standard deviation about the mean {68.3 percent), =2 standard deviations
about the mean (95.4 percent), or =3 standard deviations about the mean (99.7 percent).
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Later on, accurccy criteric for noise lavel samples will be discussed which are
approximately equivaient to the second cose, thar is, about 9?3 percent of the time,
the expected mean value of o sample of noise levels will be within £2 standard deviations

of the true value,

D.2.2 Samoling Distribution

Consider, again, the coin tassing experiment. The histogram in Figure D=1
shows the ideal expectation of the number of heads for a very large number N of irials
(strictly speaking, for N approaching infinity}. Each trial can be cansidered just one
element of the population of all N trials. If we had ne prier knowledge of the cutcome
of our coin-tossing geme, we would like to make a reletively small aumber of tosses
in order to estimate the disiribution in aumber of heads. That is, we would like to drew
a sample of only 100 tosses with which te drow conclusions about the true population.

For example, the sampie mean, ;, is what statisticians call an unbicsed astimate of the

true popuiation mean m.

The distribution of the deviation of any sample parametsr, say, its meen, from

the corresponding pepulation value, is defined by its sampling distribution and, based

. on the gentral limit theorem, this is wually closely approximated by a normal distribution

regardless of the actual distribution of the population irsell".zo This situation is
illustrated in Figure D-3.

This figure illustrates the case when ene attempts to estimate the level exceaded
10 percent of the time (L.l 0) in a highly skewed distribution of noise levels (ons which
is unsymmetrical about its peak value) by drawing severol independent :amples of noise
levels from the total population, If many such samples are drawn, the distribution of
the ensemble of Lo values estimated from each of these samples is described approxi«

mately by a nermal sampling distribution curve centered about the true pepulation value

of L}o-

D=4
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/Papulution Distribution

Froquoncy

10 Perzent of Popuiation

In This Areg
\\~\

[ , \Samnlmg Distribution (Consisting of Many Samples

of LIOJ
r—-ﬁl -Stendard Devu:rmn {3E) of .amp[mg Distrivution

Ty,

_ Figure D=3. Illustration of the Fact That the Sampling Pistribution of a Statistical
Parameter for @ Porulation with o Skewed Distribution Tends to Have

a Normal Distribution

The standard deviation of this normal distribution of sample estimates is called

the standard error (SE) and for large sample sizes is very closely appreximated by

SE == 05/1’71' (D=~1)

where

n = sizo of each sample

g, = standard devietion for the population pargmeter being sampled

When the population paramater is the mean, then o, is the same as the standard
daviation o for the population. This besic relationship provides the essential foundation
for selecting the size of an ideal sample. Thus, if we wish to be sure, with e specified
degree of confidence, thata sump‘le estimate of o pepulation mean falls within a given

cenfidence interval, = 6, we got
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§=t- {3E)=tc/ v (D=-2)

where ¢ is the confidence parameter (from Studenr's "+ disrribu.ricn}zo which depends
upen the degree of confidence desired in our semple and on the sample size, for smail

samples. When the sample is large, say, > 40, thea t is approximately 2 for 25 percent
confidenca. Then, for 95 percent confidence that the sample estimate of the frue mean
is within = 6 units of the true value, the required size of the sample n, to be drawn from

a normally distributed population with @ standard deviation, o is given by

n=4(c/8)° ,n>40 (D-3)

In the case whera the sample is to be used to estimate a siotistical noise leve!

Lx other than the value, then it can be shown that the stundaerd error for the ampling

distribution of this pepulation parmeter is approximarely equal to Vn(x/]OO} (1 = x/100)
where x is the percent exceedence level to be sampled. The corresponding sample size n

hecomeas

n -(ﬁ—/-{m)i (x/100) (1- x/100) (D=4)

where =4 s the confidence interval in parcent.

Equations (D-2) and (D=4} were used to estimate sample sizes for this manual,
Figure D~4 shows one example of applying Equation (D=2) for determining the sample size
to define @ population mean noise lavel within the 95 percent confidenca limits shewn.

D.2.3 Sampling_Co'mn:lunilv Naise

There are two primary reasons to consider sampling far evaluating community

i

noise:

¢ It prevides the only practical methed for evaluating community noise

in dimensions of both space and time.

D=t
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®  Proper constuction of a rample will: (a) provide the tasis for zarrying
i
out g staristical anaivsis of the results, (b) minimize uninienriangl

bigs, and {e) reduce fixed errors due to an inadequate sampie.

Three general types of samples are applicable to community noise measurements.
Deterministic samples of land areas may be selected on the basis of their known
significance as noite problem areas. This is clearly the mest practical appreach for any
smal! scale noise survey which is not attempting to evaluate the noise environment in
en entire area. This type of sampling requires nothing more than common sense attention
to potential or known offending noisa sources or noisy areas and is not considered
further here. Rondom samples of measurement sites may also be selected in o rigorous
fashion following techniques similer to a pracedure used in ¢ random selection of inter-
view households in ¢ city fer social surveys.w’ 18 This sampling method is fairly com=
plex when carried out properly and is not considered practicai for noise measurement

sampling unless a social survey is also invelved. If a social survey is involved, then it

is essential that noise megsurement sites be selected to coincide with the randomly e

selected socicl sample. Thus, this random sampling methed is inherently employed in
Section 3.3.2 of the manual whera initicl measurement sites are. selected to colncide with
attitudinal survey clusters whenever a social survey.is conducted. However, as outlined
in Section 3.3.2, additional noise measuremant sites beyond thoss selectad at survey
¢lusters are ordinarily required. Finally, pariedic cr grid sampling may be wted fo

select essentially randem sites in a given area.  This form of sampling, which is

ossantially equivaient to rendom sampling, is the one suggested in this manual for the ‘

additional sites that are required beyond those selected at social survey clusters.

When no social survey is conducted, all of the noise measurement sites would be salected
by this periedic grid sampling precedure.

D.3  Basis for the General Survey Spatial Semnling Methed

The steps suggasted for obtaining @ proper spatial’ distribution of community

noise measurement locations have been discussed in Section 3.2. The basis for this




rerey FANW YW hllR]

.. average 4,7 dB. This diserepancy may be attributed to the low ambient noise levels }

* - £ ) . - - - i 1 t o r L 1]
sempling prozedurs involver fwo basic sististica! fundamentais which are zensiderad
here. They are: (1) the spatial standard deviation in noise levelis for various rypes of
noise zones, and {2) the identification of accuracy limits for each of the two survey

classes (e.g., Class I and Class 11},

D.3.1 Spatial Standard Dewvigtions in Qutdoor Noize Levels

The establishment of typical standard deviction values for noise levels measured
in various community zones encbles the number of sumples required ier the proper

execution of a noise survey to be found using Figure D-4,

Thres recent studies have been performed which are appropricte lo consider in
establishing the stendard deviations for the type of noise zones defined in this manual,
Qne study was conducted in Boise, Idaho, by the City of Baise, EPA, and Wyle
I.::‘i:alz‘rc:rtm'l'e:,2:‘I and two studies were conducted in Terrance, Califernia, by Wyle and
R.K. Miller a&«sst:ci‘:'m':ts,24 respoctively. Tha Boise study evaluated naise in both
residential end commercial/industrial areas; whermsas the Torrance studies focused
primarily on residential areas. In each study, the noise zones were selectad on the
basis of their aeoustical homogeneity, For residential areas this homogeneity was

characterized by the average daily raffic on migﬁburing streets.

Table D=1 shows the standard deviations for daytime Lo v& lues found in varieus
noise zone cafegories by the three studies. Corresponding with the terminclogy used in
this manual, the dam are grouped into three types of noise zones: "Residential, "
“Roadway, " and "Commarcial/Industrial.” The standard deviation values chosen for i
the purposes of this manual represent the central tendency of these dato and are also
shown in Table D=1,

It will be noted that these chosen values correspond with the results of the

studies fairly oceurately (£1 dB) with two exceptions. Measurements over all the
residential zones in Boise were found to have a standard deviation of 8.6 dB, whereas

similar measurements in Torrance and measurements in sirictly light traffic areas in Boise
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Teble D=1

Spctial Standerd Deviations of Moise Levels (Le

Measured for Three Studies, by Noise Zone

)

Spatial Stendard Deviation, €8

) ‘
_ Wyle Miller Va lues Chosen
Type of Zane Boise=® | Torrance?® | TorranceZ4 |for this Manual
Residential 5
General 8.6 4.3 4.8
Light Tmffic(” 5.1 - -
Readway 4
Moderate Traffic'2) | 4.3 3.5 2.1
Heavy Traffic\®) 5.1 3.3 2.1
Commearcial/Industrial é
Commereial 5.8 - -
Industrial 6.3 - -
Central Business Distd 6.2 - -

(T)Roods with less than 6000 average daily fraffic.

(2)Road= with between 6000 and 18,000 average daily traffic = Wyle studies;
toads with between 4000 and 346,000 average daily traffic = Miller study,

(3)Roads with rhérn than 18,000 average daily traffic = Wyle studies;
roads with more than 36,000 average daily traffic ~ Miller study.

D=10

.Note: A dash indicates no measurements ware made.
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in Boise C-CO = 42 2B} 2nd to the wider renge ln residentinl zeoulation density over

tie large number of zamples token (170). Recdway crec mecsuremenis mada by Miller
in Torrance yieided o standerd deviarion of only 2.1 d8. This is due, in gart, to the

regular traffic flow in the areq during the short meesurement periad employed,

The information in Table D=1 is limited to the only three studies for which

noise meosurements were available which were obtaining using the noise zone concept
sutlined in this manual. However, the data in Table D=1 are consistent with spatial
standard deviations from a large number of other cammunity noise studies, conducted

by a variety of spatial sampling methods, including period {grid) sumpling and deter=
ministic sampling. Spatial standard deviations from o number of these studies, identified
in References 24 end 25, are shown in Figure D-3. These spatial standard deviations
range from about 3.5 dB to 9.5 dB and have o mean value of 5.4 dB = a value that is

well within the range of chosen values of 4 to & dB, given in the last column of

Table D=1,

D.3.2 Identification of Suatial Accuracy Limits

As discussed in Section D.2.2, the region in a sampled domain within which

the populatien mean is expected to lie is called the “canfidence intarval." The
probability that themean is in fact within the confidence interval is called its "degres

of confidence." For this manual, the two survey classes have boen assigned diffarent
spatial sampling confidence intervais: for the Class | survey the intervel is =5 dB, and

for the Class Il survey the intarval is %2 dB, Thus, the sampling plan is designed so that,
ignoring for the moment any temparal sampling errors, the true mean noise lavels for each
type of noise zone considered by thase surveys are expected to fall within these limits

(contared around the mean measured values in 95 percent of the cases).

To attain this degree of confidence, a minimum number of sample sites must be
chosen, depending on the stundard deviation of neise levels in each noise zone. The
required number of samples is found from Figure D=4, above, in combination with the

chosen spatial standard deviation for noise zonas given in Table D=1. The resulting

. b-n
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paticl Stendard Devigtion, €8

g
1 2 k| 4 35 & 7 8 g 10
1

' | !
I i

!
New York | 400

[ [ | i i i i

Chic, Phile, Clev 900
Chicage ‘ : ' -
Suburben 180
Los Angeles \ 26
Landen 540
Suburban 18
Tokyo 20
Londen 13
Atlantic Sechoard J 105
Swedish City 50
Philadelphia 13
u 18
Los Angeles 9
Boston )
Medford : : . 49
n 9
New York : | 125
" E___. 25
Yancouver . 10,000
Hanever 8
Inglewoed : 30
College Park 30
Austin ' a
Allegheny Co. 5,851
Pittsburgh 1,225
Sendai Citv 30

Figure D=5. Range of Spatial Standard Deviation for Median or
Averuge Noise Levels for Daytime Periods in
Residential Areas fram Previous Noise Studies
Conducted in the Cities Indicated (Data frem
Raferonces 24 and 25)

D-12

' t ! ! ! ! Semple Size
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number of sites is shown in Tesie D=2, If g city were not broken down info mere than
one survey areq and if anly one type of residential, ene roadway, and one commercial/
industrial zones were used, ihe Class I survey would require a rotal of only 20 mecsure=~
ment sites and the Class Il survey would require 83 sites, nc:ordin; to Table D-2,
However, since mest cities would prebebly use more than one survey area and mere

than one type of residential zone (low and medium density, for example), and more than
one type of roadway zone (Minor low volume, Miner high volume and Major, for
example), there will usually be substanticlly more sites required to coverall survey

areas and all noise zones within these areas.

Table D=2

Number of Sites Required for Actual Daytime
Mean Noise Level o Lie Within Confidence Interval
Mean of Values from Measurement Locations, by Noise Zone and Survey Class

Number of Sites Requiraed
Class I' . Class 11
Spatial
Standerd 95 Percant Confidence | 95 Parcent Confidence
Noize Zone | Devigtion, dB | Interve! ==5dB Intarval = =2 4B

Residential* 5 7 - 27
Roadway* 4 5 18
Commercial/ 6 8 38
Industrial .
Total L - 20 83

*Includes enly one type of residenticl and roadway zene.

Sample sizes similar to those shown in Table D~2 have provided good results

during tests in cities with pepulations in the 100,000 rnnge.zB' 24 The actual size

or surface area of the noise zone to be sampled, clthough not a direct variable in

D=13
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the soaiial samoling plen used here, snouid be icken info considerction. This aree
effect has been partially ceseounred for in the wmoling slen sy requiring that the city
first be broken down into several survey areas. For zities of 30,000 to 150, 000
population of typical (5000 people per square mile) population density, which is the
size for which this manual was designed, these subdivisions will tend to inherently
limit the total area of each type of noise zone to reasencble proportions. For larger

cities with ¢ much larger populetion and lend area, the same sffect could be achieved

"by breaking the ity down inte a larger number than the four to seven survey areas

suggested in Chepter 3,

On the other hand, @ small noise zone such as a single industrial instaliation
which influences an area of enly a few hiocks should not require the 38 measurement
locations for @ Class Il noise survey as suggested in Table D=2, and some smaller
number must be settled on. The manual provides forthis instance by allowing the user
to checso no more meosurement sites thon there are "call centers” or "interval points”
as have been atchlished at 0.32 ki!omate; (0.2 mila) spacing in the noise zonm, It has
baan shown that sites more closely spaced than this may be simultaneously affacted by
the same noise sources, and hence, may not provide truly independent samples.
Hence, when the noite zone is small (i.e., comparable to the grid spacing ikelf), the
number of messurements sites can be reduced accordingly. Thus, “- can be seen that
there are several ways the physical size of the area to be sampled can influence the

sampling technique as applied in the manual.
D.3.3 Seatial Grodients in Sound Lavels

Although not required as a basic part of the procedures in this manual, it may
be desirable, for certain areos, to explore the spatial variation in average
noise levels to establish the homogenaity of the environment within the immediate areq
sround @ measurement site. Resulls of such measurements, presented hare, provide
further indication of the relative sccurocy of the spaticl sampling concepts in this

T | -

manuali.
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Herizontal Gradients

To evaluate herizenial noise grodienrs, one simgie srocadure simply reguires
two people each using a sound level meter. By having one person stay in a fixed
reference location and the other person move away, time=-coordinated readings of the
two cbservers provide an effective acoustic "rod and chain' noise gradient mapping
.‘echnique.s Application of this technique to observe the gradient in background

ambient noise level (~ L?O) near a limited access highway is illustrated in Figure D=4,

70 = " . : ; )

- Approximate | Residential

"':‘. " Highway ———y MNoise Zone -
'é Noise Zone :

2 60— —_
-

2

= . -
[

¢ 4

T o -
5

o

[=1] & . [
< B .

8

=]

. 40 i 1 1 1 []
D_ &0 120 180 240 300

Distance to Highwuy, Maters

Figure D=6. Gradient of Residual Noise Level Near Limited Access Highway
, Megsured with Shert 2 to 4 Minute Samples with Two Sound
Lavel Maters {Data from Raference 5)

The obvious and subtantial gradient in noise leve! near this highway is one
example of the rationale for development of the noise zone concept. Tho approxi=
mate boundaries of the two noise zones that weuld be involved in this situation
are shown in the figure. Cleorly, any attempt to lump the entire region next to the
highway inte ene noise zone would have feiled to recognizs the daterministic structure

of community noise levels near major identifiable sources.,

Da15
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Verticz] Gredients {

‘While measurement of verrical ncise gradients in areas with high density, high-
rise residential struatures may be desirable, as suggested in Section 3.3.2, previous
experimental and analytical studies have indicated that such vertical gradients are
not substantial .57 2 Typical values for the vertical gradient clong the oukside of

a high-rise apartment building range from nearly ::zzrm5 to atout 0,032 dB/meter,

Thera is one application of elevated noise measurements which has potential
practical apolicmtion, This involves the use of o single noise monitor located at the top
of o tall building to provide umbrella=like integration of an crea=wide noise environment.
Thiz procedurs was suezezsfully employed in @ mojor noise survey in London, Engfcnd,gs
as shown in Figure D=7, and has been briefly explored experimentally by orhers.29' 30
The potential cost savings by using such o single=point monitor for evaluating long-term

tfrends in community noise levael is cbvious. This technique was cucgesiad for usa with
Sl ]|

24-hour menitering equipment in Appendix A.

ol ot s o e e e 27

Mean Noiso Lovel 114 m Above Coantral London

70

m .
: ﬁ""-———-l___/”--"\\
2 & r N
2 .
2 e
3 & / :

- ! Averoge of Noise Levels Exceedad for 109%
- f of Time ot 549 Locations

55 Covering 113 sq km

(] L L I R L L 1 i i ]

N T T T Ty N e T2
AM M

Figure D-7. Compariton of Avarage A~Weighted Noise Lave! at all 540
Measured Points with Volus Maesured at 375 ft in Central
londen on Top of GPQ Tower (Data from Reference 28)

-

D=1
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D.4 Influanca of Temoerel Verictions zn Samoiing Aczurpey

The soatial scmpling methods deserized in Section D.3 yieid noise |evels

which are exgdcted to be within specified limifs of the "true value for the sampled
area. These aczuracy limits do not toke into cesount temporal variations which

may occur during the time period the mecsurements are intended o cover.

Temporal variaticns accur on many levels. At one extreme, there may be
variations from year to yeor - some years may be slightly more noisy than other years

due to increased traffic, imposition of a new cammunity noise erdinance, or the start=

up of a new industrial facility. Al the other exreme, there are instantaneous varigtions
in noise level which may be due to vehicle passbys, aircraft overflights, dogs barking,

or human voices which may or me» not be contuined in the basic 20-minute measurement
intarval.

A discussion of some of thess types of temporal veriation is presented below,

aleng with an indication of the magnitude of the variations invelved.

D.4.1 Sessenal Variations

Trands in tronsportation vehicle flow provide ane indication of seasonal effacts
on outdoor naisa level. Figure D=8 shows monthly averages of ranspertation vehicle
operations throughout @ year. In this case, the transportation system cctivity is en the
order of 50 percant higher (equivalent to an increase of cbout 2 dB in noisa level} during

the summer over the minimum in winter.

The few studies which have coverad seasonal effects occasionally show higher
levels in the winter (due to tire chaina, for instance). However, the overal! trend

31, a2 The larger noisa

is for lower levels in tha wintertime, rypfcally by 5 to 8 dB.
reduction in the wintertime seems to be quite dependent on the presencs of snow,
Clearly, any atypical weather anemalies in an area should be considered when planning

the timing of a neise survey.

D17
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Figure D-8. Representative Menthly Variations in Metor Vehicle Traffic Over
Intarstate Highways in California (1967 Average) and Air Carrier
Operations at Los Angeles Inteenational Airpert (1968 Data}

(frem Refarsnce 5)

Changes in prevailing weather conditions can also have a potentially major
influence on long~term temparal variations in cutdecr noise levels in the general
vicinily of large extended noise sources such as industrial plents. For exomple, as
illustrated by the unique data shown in Figure D=9, the effect of wind direction on
community noise levels near a large factory becomes quite apparent when sufficiently
long=term measurements are availcble. These dote were obimined from pericdic noise

measurements every 4 hours sach day over @ Té=menth period.aa

D=18
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‘Figure D=9, Average Effect of Wind Direction on Noise Lavels About 1.6 km

(1 mile) from the center of g Lorge Factory as Observed Daily
Cver a 1é6=Menth Peried (from Rafarence 33) -

D.4.2 Day=-to-Day Variations

Since the basic matric Ldn is a moasura of the energy averoge noise level over
0 24=hour period, one immediafe quastion is, “What is the proper day to measure 2"
The results of one systomatic study over weakdays and weakends showed a mixed pattern
of dacregzing or increusing noise level between weekdoys and weekend days, depending
on the characteristic life cycle in each communiry area. 4 Typical results are given
in Toble D=5, I'n general, the available data indicate lower lavels on weekend days,

but exceptions invariably oceur,

Ottier evidenca as te ayclic pattsrns of noise in @ week which should be con=
sidered for community noise monitering can be provided by racords of transpartation
vehicle activity. For example, s shown in Figure D~10, the relative change in
daily operations, rhroughaut”c; ;veek, of gireraft and highway vehicles shows significant

differences = yet when converted to expacted changes in noise level on the decibel seale,

D=19
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Table D=6

2ffect roughly consisten:

Typical Weekduy-Weekend Variation in Community Noise Levels
Based on the Differancas in Daytime Median (L o) Levels Observed at 57 Sites

in londan and Woosdstock, Ontario (rn:rn Reference 34)

Land Use Category

Residential = Quamry
Residential - Single Family
Residential - Institutional
Residential -~ Commareial
Residential = Mixed
Residential = Indusirial

AL:’-OI dB
Weakday - Saturday Weekday ~ Sunday
1.1 3.6
-0.1 -1.5
3.0 3.0
a.l 4.7
~0.4 2.9
1.1 3.1

! Trocks (hvg, lar 1967)
0  Can, Jua, Fickupt (Avg, for 1947)
. 12 biaems  Alr Corrler Qparatioms Ny
' {1 Wach = Dac.  1968)
»
g
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Figure D=10. Reprasenmative Daily Variation in: Motor Vehicle Traffic on
California Intercity Highways (1967 Average) and Air
Carrier Operations from Los Angsles International Airport
(From Raeference 5)
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In light of theze cotentia! differences in noise lavel, it is indicated in he
?!

manval $hat some sites be messured cn weskends, The reculting measurements can then

be weighted to give the estimated energy average Ld for the entire wesk cs follows,
n

Ly, (entire week) = L, (week) + 10 log [(5/7) (1 + 0.4 - 108 WEVIOT g p_s)

where

AW/E = L':!n (weekend) = in (wesk) , dB

For mast community neize sites, the value of A W/E falls in the range of =3 to =10 d8

and Ldn {entire waek) is about ¥ dB lees than Ldn (weak).

D.4.3 Hour=te=Hour Variations

Censider now the veriction in noise level within a day. Figure D~11 shows the
hourly variation in level from three different studies, Part a illustrates the mean and
stendard deviatien in hourly equivalent noise javel, Laq(h) ralative to fha_ day-nigh_r
sound level Ldn from data at 100 sites in residential urban sites throughout the United
Smtas.m The average value of this relative measure of hourly noise leve! during a day

is nearly constant ot =3 dB from the hours of about 10 a.m. to 5 p.m., but has an average

‘standard deviation of 24 d8.

Part b of Figure D=11 compares the relative statistical lovel Ly from two large
surveys in two very different creazza’ 35 indicgting that while averaga trends in
divenal noise put{'em: may be dafined, each community can be expected to exhibit
its own unique "noise pulse"” depending on ifs characteristics community life eycle.
{(Note that the data in Figure D=11b for the Allegheny County sutvey are based on
enly one 10=minute sample during the day. However, due to the large number of sites

througheut each hour of the day, any systematic error due to this time sampling should

average out. )

D=21
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The general trand in these diurna! cycles srovided the Sasis for zelection of the

"day " gng "night" time seriod: szecified for noise messuremenrs in Chooter 3 of the
menual, Samsling during these periods aveids the short duraiion (and thereiore difficult
to acsurately tample at random} "rush hour” activity periods of the morning and evening.
The method has shown recsonable accuracy for representing noise levels over a 24=heur

Deriad.za’ 24

According to the menual procedums, each site is sampled ence for 20 minutes
during the defined wetkday daytime hours, and many sites are alse sampled during the
nighttime period. Since the individual samples in each noise zone typically become
distributed throughout the time periods as the sampling progresses, the cggregote zone
sample is considered to regresent the hourly noise level fluctustions within the zene.
Hence, hourly temporo! representation is derived intrinsically from straightforward
application of the spatial sompling technique. In the previous Beise, Idsho study, a
zone=wide numerical average value for 8-hour daytime Leq achiaved in this manner

agreed with averoge values obtained by cé:_nh'nuous §-hour menitering within 2 dB for

‘residential, airpert, and commercial type noise zones, and within 4.5 dB for @ minor

readway type zone. The miner readway area in this case wes large, but contined only
six 20=minute measurement sites, wheregs the other zones were more substantially sampled
with respect o size and typical noise level disiribution. 1t is felt that the more extensive
sample indicated in this manual would have substantially decreased the error for the road=-
way rype'of zone fo that observed in the other zones. Thus, this method of sampling

no more than onge par time period at each sito is employed in this manual as an

expedient and effective way o include the temperal demain the basic spatial sampling
mathed. '

The numbers of samples indieated in the manual.to be taken at night or during
wackend periods-are less than the total number of weekday sites by factors equivalent
to the propertions of time contgined in the weekday, weeknight, weskend day, end
weaknight periods during a soven day weelc. This is reflected in Section 3.3.2, Step 8.
The purpese of this factering is to ¢llow the- number,_of counts on data sheets of noise
leveis and intrusive sourcas from these periods ro be added directly without factoring

D=-23
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when hand-caiculating stotistizal metrics ond scurce caniributions in Chanter 4. The
resulting smaller samples for the night and weekand periocs are intended o extend the
complete weekday measurements to include the entire doy, night and weekend periads
in seven-day average, and are thus not considered to upset the sampling accuracy

in view of the smaller time periods represented.

D.4.4 Variatiens Within an Hour

Statistieal Distribution of lnstantanescus Lavels

The rext stage in our review of temporal ampling brings us o the problem of
sampling the noise within ona hour, The manual indicates that individual samples of
20 minutes duration are to be made. Community noise somples much shorter thon 20
minutes have been shown to give good accuracy for situations where the noise level
fluctuation is small such as near a busy highway with o steady streem of roffic.
Figulre D-12, however, shows a typical histogram (in this case, a probability density
curve ) and the correspanding cumulative distribution for g temperal sample {sampled
at more than two times per secend) over a full hour at a residential location adjacent
to a local street and 213 m (700 ft) from a busy limited access i'aigl'w«::y.'5 Note that
the histogram is highly skewed towards the higher r-loisn levels and is net at all like
a so=called "normal" distribution curve which is often stated to be the distribution
shape for temporai somples. In fact, most histograms of good temporal samplas (~ 500
or more samplos over a full haur) will show a wide variety of shapes and many will

have the type of skawed non=normal distribution shown.

Figure D=13 shews the actual average cumulative distribution of levals from
continuous recordings over daytime hours gt 114 different residental locations excluding
airport :ifas.s' 8 22 The: statistical noise lavels in Figure D=13 are plotted in @
normalized form represented by the ratio (Lx - LSO)/ a where L is the statistical level
at the x percent exceedence lavel, LSO is the median level (exceeded 50 percent of
the Hme) and @ is the standard deviation of the instentaneous levels over each houwr.

The values shown are averages over all the sites for each dat sat for all the 15 hours

D=-24




(7c.m. o 10 2.m, )} at 2ach site, As indicared, theee aormaiized dera do nor iall
along the theoretical siraighr line of the normal diswibution surve, but rether gre
more ciosely appraximared by a so-called Rayleigh distriburion. Thus, in general,
community noise levels can be expected to exhibit this type of skewed statistical

distribution for their instantaneous levels instead of the normal disiricution frequently

assumed.
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Figure D-12. Example of a Temporal Sample Histogram and Carresponding
) Cumulative Distribution Showing the Highly Skewed Nature
of the Data. 8ased on 7800 Temporal Samples Ovar One
Hour at a Site Near a Limited Aceoss Highway. (From
Reference 5.)
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Samolina Within on Heur

The error in short canrinuous samples less than one hour when compared te full
hour samples has been evaluated in References 8, 9, 10 and 25 fer several types of
noise signals. For highly~skewed noise recordings, a lenger time sample is required.
From Reference 8, at least 13.3 minutes out of 53.3 minutes were required to achieve
less than | d8 everuge error in the averoge noise level for g recording near an qirport.
From Reference 10, the avernge deviation for 20=minute samples out of three one=hour
tapes indicated a sampling error ranging from about =2 to +2 dB, but this error range
more then doubled when the sample duration decreased to 10 minutes. In Reference 25,
the first 20 minutes of each of thirty one=hour fapes of industrial and airport noise was
sampled at o rate of 12.5 seconds per sample = comparcble to the 15 secend per ample
rate called for in the manucl. When the L, of each twenty minute sample was
compared with the "true™ hourly value (determined for the entire hour at o rate of ten
samples per second), the standard deviation of the differences betwaen sample and
true values was 1,42 dB, and 95 percent confidence. limits about the sample Leq were
approximately +4 to =5 d3. On the basis of qll these data, a minimum duration of

20 minutes was elected fo provide a sample of haurly noise levels.

D.4.5 Visual Temporal Sampiing Rate with a Scum::l Lavel Marer

The final step in the temperal sampling structure is the actual field menitering
procedure applied within the 20 minute sample peried. For the Class I and Class 11
temporal sompling mathods employing a sound level meter, it was falt that the visual
averaging mathod evaluated in References ? and 11 for reading a sound level mater
would net be suitable for application as a standard procedure in communities which
may employ untrained people for.a fieid noise survay. Rather, the visual “snapshot
approach ond manuel! data logging procedura spacified in Secticn 3.4 of the manual was
selected. The time interval of 15 seconds provides 80 samples for a 20~minute
obsarvation period. A higher manual sampling rate is possible (up to about one reading
avery 5 soconds), but intervals less than 15 sedonds become increasingly demanding

and would tend to result in hserver fatigue and a high error rate,

D-27




= RIY NYHY AOUY 139y

-----

It wes deemed unnecestary o citemst higher wamziing rare: bozed on results
presented in Rererence 25, In this investigation, 42 fapes of ene o four hour samoles
of industrial and cirport noise from 14 sites were analyzed at various sampling rates
using digital sampling equipment, Comparison of Leq values obtained for each tape
at g sampling rate of 12,5 seconds per sample (near the rate applied in the menual)

and at a standerd sampling rere of 10 samoles ver second revealed q standard deviation

of differenges in Le of 0.99 dB. A 95 percent confidence interval about the true Leq
value from the 12,5 second rafe of approximately +2 to =3 dB was also ohtained.

In a second analysis, 30 similar tapes were analyzed for "'eq at 10 seconds per sample
and compared ageinst standard analysis at 10 samples ger second. The standard deviation
of L“3 differences in this case was 1.32 dB. Considering these results, it was seen

that a sampling rate of 15 seconds per sample was nearly an optimum rate for manual
sampling, being a rate high encugh to give satisfactory results, yet just low enough

to allow accurate manual dam acquisition.

B.5 Ovemall Survev Accuracy

The pravious sections have addressed the subject of confidence for saveral
elements of the spatial and temporal sarmpling schemes used in the survay mathad given
in the manual text. It is appropriate to make an assessment of overal! accuracy of the
sampling method in this saction of the appendix. New material presanting increasingly
creative and thorough approaches to the evaluation of oveml] communily neise survey
gecuracy it continually being published. The mathod explained herein for assessing the
aecuracy of the surveys described in this manual will constitute a conservative appreach
fo the issue. However, the influences of certain factors on the measurement of truly
{ong~term average environmenta! noise levels, such o1 seasonal weather patterns or the
effacts of high activity holidays, are quite difficult 1o quantify on a reasonebly useful
basis since the influences can be highly variable and area=specific, Hence, thers will
be na attempt here to account for such variations, The influence of thess facters can
best be minimized by conducting the survey during a time peried that dees not include

unusual seasonas! or other conditions that cun affect the neise envirenment.
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The survev metncdoiogy aresentes in the manual is intended srincizailv for the
determination of @ mean Ldn value regresentarive of ecch noize zone s defined. In
considering the guestion of accuracy, we must develop limits about this measured
sample mecn within which the actual true value will be expected to lie with .
specified level of confidence. The level of confidence used for this annlysis will be

P5 percent.

Development of this overnll confidence interval must consider both survey
sampling domains - spaticl and temporal, and must also include the accuracy of the
actual measurement technique = in this case menuc! reading of g sound level meter,
The variance for all these 2lements must be combined to yield limifs for the complete
process, In this case, the temporal and spatial influences occur quite independently
from one anether, and thus no correlation between them or with the mecsurement error
is expected. The resulting estimated combined acsuracy may thus be obtained by
leking the square root of the sum of the chin‘nce}s of each of these effects as

expressed by the following equation:

act\/cz-!-a +'o‘12 (D~6)

whera

o = standard deviation of sample means about the hue meon considering
the combined accuracies of the sampling and measuremant methods. v

0'52 = variance due to the spatial sanpling method
g4 = variance dua to the temporal sampling method
) .
l

variance dus o measvrement insirumentation and its use.

4

Thus, wo need to identify the variance (stendard deviation squared) of the

spatial, temporal ond measurement influences an the survey results.
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Confidence |imins for the scetial sempling compenent were chezen ¢s ¢ zriterien

for identifving the reguirec wample size os theroughly discussed in Section D,3. These
95 percent confidence limits cbout the sample mean were =3 dB for the Class | survey
and =2 dB for the Class 11 survey. As explained earlier in Section D.2.2, the
distribution of many estimate: of the true mean value will closely approximate a normal
distribution. This being the case, the selected 95 percent confidence limifs will repre=-
sent approximately two sample standurd deviatiens from the mean as was shown in

Figure D=2, Thus, the stondard deviation of sampled means, due to the spatial sampling

scheme, will equal helf this vaiue, or 2.5 dB for a Cless 1 survey end 1 4B for o Class 11

survey.
The standerd deviation about the sample mean due to the cczumuloted temparal
factors discussed in previous sections of this appendix must be approximated. Severa!
independent lemperal elements have baen previously considered; for example: the
?5 parcent confidence |imits in sampling tha_Le of 29 minutes of environmental sound
with samples approximately 15 seconds apart are about =1 ¢B, and the 95 percent
confidence limits in an heurly Lo based on g 20-minute sample of measurements
approximately 15 seconds apart, are about21.4 dB.' Based on these and the other
availeble temporul data discussed in Section D.4, a conservative estimate of the
stundard deviation due to the combined effact of the temporal sampling influences on
L, ha: been chosen as 1.5 dB. The choice of this value will be

a :ample mean dn
" supperted later in this appendix when overall results from two previous community noise

surveys are discussed.

In order to complete the asauracy calculation, consideration must be given to
instrument and Instrument reading error. In this case, @ recsonchle assumption is that
the standard deviatien in field sound level meter readings will be =1 dB, Using this
and the cbeove values, we can caleulate the composite standard deviation from Equation

(D=6} as follows:

T ———
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For @ Class | Survew:

2 2 2
=25 =4 /0 8BS L] 5= 4 <
0, =2.5 o, \/_... = 1.2+ 1.0
I 1.5 = 3.1 dB, and %5 percent
-1 conficence limiss are
Oy = -0 appraximately 20‘c = ¢ dB,

2
ag=1.0 o, =y1.02+1.52 41,02
=1.
O . = 2.1dB, and 93 percent
c. =1.0 confidence limits are
=1

approximately 2 g = 4 2B,

These confidence [imits have been used throughout the meanual text, and appecr con-

servative when considered in light of the following resulis.

Two previous studies have preduced results fending to indicate that the survey
confidence limits developad in this appandix are adequataly consarvative for the noise
zenes encountared in the sizes of city for which this manual is intended. A previow

eommunity noise survey in Boisa, Idaha,za shows extremaly good corraspondence

between mean L 4n values determined with 20=-minute measurements at randomly

distributed sites and with continuous 24-hour measurements at other distributad sites, as

indicated in Toble D=7. The variations are well within the confidence limits developed

chove for the sample sizes used.

The previous community noise survey conducted in @ portion of Terrance,
Califarnia,24 shows similar results. In one areg of the city, 65 sites in predominantly
residential areas were each sampled for 20 minutes using a sound level meter accarding
to the procadures presented in this manual. The mean Leq over all 65 sitas wes 58 dB.
Then, four independant sub=samples of nine sites each- werd drawn at random from the

65, and mean Leq vatues caleuloted. The results ore shown in Table D=8, For three of the
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Tooie D=7

Differences Between Mean L S
n
24-tour Eguipment and Manual Methods™

Values Measured with

24=Hour Measurements | 20-Minute Measurements AbLsoiure
Ltand Use Mean L Mean L dn
' Na. ‘ dn No. dn Difference
Residential 5 52.54d8 170 53.7 48 1.2 48
Arterial €<4CC0 ADT 3 58.0cB & 54.2 4B 4.2 cB
Central Business 1 65.7 dB 5 6.4 dB 0.7 48
Distriet
Table D=8

Differences Between Mean Values of ¢ Large Sample end Sub-Samples

of Community Noise Measurament Sites”,

Percent Numbar of MNoise Lavel, ab )
Zone(s) Samole Sites so 55 OHUT 0 s
ALL 100 &5 - |
ALL 14 9 i — |
CALL 14 9 s )
[l
ALL 14 9 m—r 1
ALL 4 @ o83 "
MNotation: (Noise iavals ara the arithmetic averoge ovar sites
in each zone of the temporai metrie indicated, Lot e -1
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focur cozes, cgreement cerween the scriici cnd torel campies is within C.3 dE, with
approximately 1.5 d8 deviation for the las! sus~sample. This very gocd agreement
betwean the mean of a smell sample of randomly selected sites measured aczording to
the 20-minute sound level meter procedure and o frue population mean serves to

further support the confidence intervals developed in this appendix as conservative

indications of the survey aczuraey.

D.é  Basis for the Sourse Samoling Methed Given in Appendix 8

The desirable sample size for establishing any regulatory noise limit L with
specified confidenca limits, =4, expressed as a percentoge, con be computed from
Eguation (D=4) given earlier. Thus, for a 95 percent degree of confidence (t > 2)
and a confidence interval of 22 percent, the level not to be exceeded by more than

5(=2) parcant of o zopulotion, can ideally be estimated from the L° level measured

on a sample size (n) of 475, That is, from Equation (D-4),
. . '2 2 l
n= (m} (5/1C0) (1 - 5/100) = 475.

Thus, if the total population size is 20,000 units, sne expects that 5 percent of these
units (1000) will excead the Ls lovel estimated by the somple and one is 95 percent
sure that the ectual number of units excesding this limit may differ from 1000 by no

more than %2 percant of 20,000 or 2400,

Claarly, this indieates a large relative error in the sample so when it is
necessary to satisfy o sampling accuracy criteria in terms of the ralative errer (100 4/x)

of the sample, the sample size n, for 95 percent confidence, is approximately equal te

o 4 {1 2x/100) 2 -
n™4 T100) (x/4) (D=7)

where (1004/%) is the desired relative accuracy, in percent, of the sample. If a
relative acsuracy criteria for the sample of 20 percant is imposed, 1004 /x =20

parcent and the sample size a s

1 - 5/100 ‘
n -(4)1-(?%—0)—’ + (100/20)% = 1900 units.

D=33
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APPENDIX

NOISE SUSYEY DATA REDUCTICON 2ACKGRCUND -

E.) Introduction

This cppendix provides bagkground supportive material for selected datc reduc=
tion procedures given in the manual text, It hes been supplied for the benefit of those
not sufficientiy famiiiar with community noise measurement so that they might develop
a better understanding of the underlying facters in the data redyction process
and hence aiding in the interpretation of the survey and its results. The two data reduc=
tien procedures discussed are wsed in Section 4 of this menual and ere defined in more
detail here for the benefit of the reader,

£.2 Edn Caleulation Procadure

The primary objective of the survey pracedures given in the manual is to deter~
— mine the mast likely Ldn value to be found at any rendemly selected locotion throughout

———a noise 2ene. Based on the results of many provious community noise studies, '~ it has
been found that the statistical distribution of spatial variation in outdoor noiss lavels _
within the same general land use area is roughly a nermal distribution cur\.re.. Eveﬁ whaere
mixed land use is involved, when the sample is lurgé, an approximately normal distribution
is found. ’ Figure E=] shows an example of such data==a distribution of LTO noise levels
measured from 10 minute samples during the same hour over several wesks ot 946 separate
locations in ene county and covaring all types of land use .2 In this cose, the histagram
is closely opproximeted by o theoretical normal distribution curve indicated by the
dashad lines. Thus, for our sample of L in values spatially distributed throughout a
noise zone, the best estimate of the "correet,” "trye," or mest likely L value in the
zone will be the numerical average or mean of the sample vaiues.4 Applying this, the

dota raduction procedures given in Chapter 4 of the manual have been developed to |

. :
Reeent work has shown that a more accurate description of the spatial distribistion of
outdoor noise levels is given by a Gemma distributions however, for purpeses of this
monval, a normai distributien fer spatial variation is an adaguate approximation.,

E-1
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include @ numerical avercging rechnicus for combining veiues =f vericus mesries (L, ,
dn

Lx, etc.) from sites within the noise zones. ' .

The hand calculetion method given for averaging the Ldn values isa simplified
method which yields identiczl values to these that would result from o rigorous caleu-
letion averaging the Ldn values determined for all sites based on their week and weekend
measurements, The variotion is thar two seporate Ldn vijues are czleulated for each
site~=one for the five day work week and cne for the weekend. Each of these values
cre then arithmetically averaged over all sites within a noise zone, and the resulting
mean values are then energy cvercged using weightings propertioncte to the week and
weekend time rpans fo define ¢ best estimaote of the meen Ldn for @ given noise zone,

This methed reduces the ameunt of hand calculation necessary by eliminating the weighted

average caleylation frem the handling of esach site,

E. 3 _ Railread Data Reduction Procadure

For community noise survey purpeses, the manual assumes that railread activities

will be tha deminant source establishing the L dn velye for the narrow railroad noise

r———

zone defined aleng railread routes. Given this, the determination of Ldn values in
the zone due fo railroad oporations is all that is required of the noise mocsurements.

This determination is based on a combined predictive and mecsurement method derived

frem previcus railroad noise studies.5’6 The self-adjusting method presented in monual
Section 4.4 is outlined in Figure 4=8, and is embodied in Figures 4=~14, 4=15
and 4= 14, the origins of which will be briefly described. The reader should become

completely familiar with these figures and their use before proceeding.

As outlined in Figure 4=13, the self-carrection process invelves first predicting
the overall Ldn of typieal railroad lines using Figure 4=14, The maximum noise levels of the

engine and rail cors are then predicted from Flgure 4-15. These same levels are then

measured and an overall correction facter AL computed for the train noise L in This
correction is dotermined from the differences between the predicted and measured engine

and rail car noise levels respectively with the aid of Figure 4=16. Finally, this overall

E=-3
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. cular track=to=site path,

corracticn jeerer is then agplied to the predicrad Ldn for the rrain cbiained ecrlier from

Figure 3~14 to pravide o finsl sorrected Ld value for the train ncise. .
n

The Ldn values givedl in Figure 4«14 were analytically developed based on the
measured engine and car data with considerations for train length and speed.” The resuits
are then normalized to a disiance of 31m (100 ft). Several offsetring conditiens, (such as
the inereases in noise level accompanied by decreases in passby duration which both
rasult with increesing train speed) cllowed treatment of the fime factors involved in the
definition of Ldn such that expected Ly values could be developed simply from the
numbers of day and nignt train operatiens. I is this particular formulation that is the
basis for the entire railroed dota reduction procedure. The maximum engine and rail
car noise levels in Figure 4=15 are typical values based exclusively on extensive mea=

sured train operation scund level data. ™ The values shown refiect typical meessurad

values of the maxinum noise levels as @ function of distance from the rail line and of
speed for the rail cars. Railread engine noise tends to be appraximately independent
of speed since the entire menual procsdure for cssessing Ldn values due to train operations

employs survey data taken at raiiread sites in the cemmunity to adjust tha predictad levels -
.

from Figures 4=14 and 4=15, The final L dn determined for each site is not sensitive

to the acauracy of tho typical noise attenuation curves in Figure 4=15 as the method
solf~adjusts for the typical local train sound levels and attenuation aleng the parti=
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APRENDIX F

NOQISE SURVEY COST CONSIDERATIONS

n
.
—

Intreduction

This appendix presents background for the noise monitering program cost and
manpower requirements given in Scheduie 2-8, This is used in Chapter 2 of the man=~
val to incorporate costs into the fina! program design. It must be borne in mind, how=
ever, thot regardless of the method and dote used, prediciion of the costs of a one~time
technical effort such @s a community noise menitoring program involves many significant
wncertainties, Becguse of these, initicl estimates can be in error by e mugh as 100 per=
cent, and it is recommended that the progrem menager frequently review expenditures

and updeote projected completion cests in view of ongoing program experience.

Uneertainties in the cost prediction precess stem principally from the foct
that no two communitias will appreach the establishment, design, edministration, and
execytion of the mecsurement program in axactly the same way. Individual variations
in availability and use of field personnel, funding alllocatinn procedures, administration,
oquipment procurement and supply procedures, ete., will vary appraciably with the
total program effort required . An additional factor eritical to administrative efficiency
is whather the program will be executed through or under the quspicas of an existing
municipal agency, or whether the effort must be undertaken by a new organizeational
entity., Hence, o the cost estimations used for program planning in Chapter 2, one must

apply corrections to aceout for variations in local approaches.

The estimates of required man=hours and costs which are given in Schedule 2-8
have evolved from experience with several monitoring programs of this type. These
estimates should be considered as the minimal expenditure required. For g well admin=
istered program, managed by @ persen thoroughly familior with all precedures, and backed
by a cooperative city administration, the activities for mest program phasas con be

completed within the estimated costs or lobor man=hours, Man=hour uncertainties for
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the cheser indiecred in Schedule 2-3 =g " Pracarerien and Plenning,™ "Date Ancivsis,”

and "Reperr Frezaration” are particulariy acure os these zctivities can nor ze entirely specifiad
in the manual and cre quite subject to local cdministretive procedures. An edditicnal uncer-
tainty affecting the listed estimares for "Date Acquisition” is weather. Feriods of bad wecather

can ecsily double the required field time when field parsennel are able to measure cnly one or

. two sites per excursion. These deloys estend program duration with resulting increases.

in program costs,

The basis for the estimates provided in Schedule 2-8 are given in the next
two sections of this cppendix, Despite the approximcte nature of this infermatien, it
will be quite useful to city planners in esrablishing the scope of resources required to

implement a measurement progrem,

F.2 Bases for Besic Noise Survey Lobor Estimates Given in Schedule 2-8

. . . . Estimated No. of
Preparation and Planning | . Man=Hours
Class] Class II

Selact and organize project staff, locate and set-up

quarters, obtain basic supplies 56 &0

ldentify Menitoring Program Objectives (Section 2.2),
establish municipal centacts and interview apprepriate
officials : 64 g0

Selact Preliminary and Final Survey Metheds (Sections

2.3, 2;4), identify available resources and extra=

municipal assistance programs, design pregram - _40 Joo
: Total Hours: 1460 240

Data Acguisitien

_5_______1_,5__:1-_:'_291'0 MNoise Zone Boundaries (Section 3.2), obtain

date and prepare base map 120 120

F=2
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Estimated No, of

Men=-Hours
Class | Clese 1]
Seiection Noise Mecsurament Sites {Seefien 3, 3),
complete mapping procedures 16 24
Assign Mecsurement Team {(Seetion 3.4, Srep 1},
identify low cost employmenr programs, interview, ete, 32 72
‘Organize equipment handling procedures (Section 3.4,
Step 2) and vrepare field packats 24 48
Train field personnel (Section 3.4, Steps 3 and 4) 8 32
Perform Mecsurements (Section 3.4, Step 5), bosed on
five basie noise zenes, 35 individual measurements
for Class | and 247 fer Class 1I, nominally six measure=
ments per day; and including one and two day's time
for filing and serting gre cssumed. - . 80 3%
(10 days) 42 days)
Document procedures {Section 3.4, Step 4); this will ‘
consyme time in an ongoing manner ' ' _8 24
Tatal Hours 288 656
Data Reduction
Basic Data Reduction (Section 4.2) based on time
raquired for naise surveys in Boise, ldehe and
Allentown, Pennsylvania. Assumes computerized
duta raduction for Class 1T Survey. 72 56
Total Hours 72 56

Data_Analysis ‘
Comparison of acaustical data with cemplaint histoties,
enforecement records, and local knowledge to determine

the most heavily impacted areas and mast important noise




Estimated MNa, of
Man=-Hours

Class 1 Class 1]

scurces, Discussions with municipal cgencies to

derermine fecsible noise reduction mecsures 163 280
Total Hours 18 280

Other Marerials end Costs

Office supplies, mileag;z allowances, minor equip-

ment, map and monuseript reproducticn, efe. 500 31500

Report Praparation

Writing, reviewing, and printing . _80 160
Total Hours 8o 160

F.3 7 Bames for Notse Survey Extra Featura Estimates Given in Schedule 2-3
Estimated No. of
Man=~Hours

Class I Class 11

Extra Feature A, Caleulation of Log 40 N/A*
This calculation must bo carried out for each site,

thus, becomes lengthy,

Extra Featura 8. Calelation of L, 4 N/A

Assumes Extra Fegture A has been completed first,

Extra Feature C. Comparison L weith Ldn 4 N/A

Assumes Extrat Feature A has been completad first,

Extra Featurs D. Determination of Common Noise Sources 40 N/A

Data reduction, tallies includin.g each individual data

sheat must be made ,

" N/A items automatically inefuded in computerized duta reduction for Class Il Survey .

SIAMY RVY AW 1230
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Ectimated No, of
Man=rours

Class | Cless (I

Data Anolysis, cemparisen of datg for various important

noise sources in each noise zene, devising feesible noise

reduction measures ﬂ N /A
Tatal Heurs 80
Extra Fecture £, Extra Noise Zones Class! Class I

Preparation and planning, seiection, mapping,

sample drawing, 8 8

Data Acquisition, based on the large sample required

for commareial or industric] arees, o six measure=

ments par day, 24 128

Data Reductien, based on the requir:ements per noise .

zone for the basic survey. 16 8

Date Analysis, besed on the requiroments per

noise zene for the basie survey 32 48
Total Hours :) 192

Extra Feature F, Stationary Seurce Noise Zone

Preparation and Planning, selection of sources for which

to define zones, field survey te identify zene boundaries/

mapping, somple salection 16 16

Data Acquisition, besed an the large sample required

for commorcial or industrial neise zones, sampling

rato of six per day .24 128

F=5
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Class 1 Class 1

Daora Reducticn, based in reguirgments per noise

zone for the basic survey 16 g
Data Anclysis, based on the requirements per noise
zone for the basic survey 32 48
Total Hours 88 200
Extra Fecture H, Impact Evaluation
f Data Acquisition, collect census data, N/A 8
Data Reduction, determine census troct population
densities, noise zone population, and equivalent
noise impact values, N/A b4
Data Analysis, consider impact vqlues in conjunction
with complaint data,. noise level values, and source
eontributions to determine principal neise problems
and solutions : N/A 16
Total Hours 88

' * This item not recommended for Class I Survey

.
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