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CHAPTER 1 INTRODUCTION

1-1 PURPOSE AND ORGANIZATION

This manual is a procedural tool designed to aid the creation of
acceptable noise environments. I t  i s  w r i t t e n  p r i m a r i l y  f o r  i n s t a l l a -
t ion planners and other individuals concerned with the noise environ-
ment. It  should also be useful to persons involved with environmental
assessments.

The manual should be used by planners to provide an awareness of
noise considerations which may be encountered during the planning
process. Most of Chapters 1, 2, and 4 and other selected sections
cover basic background information which is a prerequisite for deal-
ing with noise problems. The balance of the manual contains infor-
mation and procedures which wil l  be referred to during the problem
solving process.

Chapter 1 - Introduction

Int roduct ion to  the  manual  for  the  f i rs t - t ime reader .

Chapter 2 - Characteristics and Measurement of Noise

Background information on basic physical characteristics of noise and
terminology used to describe them. Discussion of frequently used
noise measures.

Chapter 3 - Noise Assessment Techniques

Procedures for estimating noise exposure from individual noise sources.
Explanations of hand calculation techniques and methods to obtain more
complete analyses, including computer generated contours.

Chapter 4 - Recommended Noise Levels

ional -Background information describing allowable noise levels. Rat
ization for the noise levels recommended.

Chapter 5 - Reducing Noise Conflict

Source by source discussion of noise abatement measures, their
iveness, usage, and cost.

Chapter 6 - Noise Planning Strategies and Their Application

e f f e c t -

Procedural problem solving framework. Recommendations for developing
ongoing noise planning programs dealing with sit ing and existing noise
problems.
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1-2 BACKGROUND OF NOISE PLANNING

Noise, or unwanted sound, can be harmful to an individual’s health
(physiological and psychological) and can degrade the quality of
l i f e . Add i t iona l l y , i t  can  in ter fere  wi th  ‘e f fect ive  task  accom-
plishment and cause economic costs.

Noise problems are inherent to most military installations because of
frequent use of specialized equipment and operation of industrial
t y p e  f a c i l i t i e s . For example, h i g h  n o i s e  l e v e l s  r e s u l t  f r o m  a i r c r a f t ,
ar t i l le ry ,  t racked vehic le  and shipyard  operat ions. People subjected
to such an environment may suffer loss or impairment of hearing
(permanent  or  temporary  hear ing threshold  shi f t ) .  Menta l  wel l -be ing
may be  a f fected by  f requent  in ter rupt ion of  s leep,  conversat ion,  or
concentration. Such noise impacts may result in economic losses;
medical and legal expenses and lowered rates of individual productivity.

Personnel with Noise Environment Responsibil ity

The fundamental goal is to protect individuals from noise levels
which may jeopardize their health and welfare, within the context of
f a c i l i t a t i n g  i n s t a l l a t i o n  m i s s i o n s . The responsib i l i ty  for  achiev ing
th is  goal  l ies  wi th  the  fo l lowing personnel :

o installation commanders

o Medical authorities and bioenvironmental engineers

o Scientists and technologists

o Planners

o Architects and engineers

o Operators

Installation Commanders

The installation commander is responsible for the health and welfare
o f  i n s t a l l a t i o n  p e r s o n n e l  a n d  t h e  e f f i c i e n t  o p e r a t i o n  o f  t h e  i n s t a l l a -
t ion in  the  fu l f i l lment  of  the  assigned mission. He/she must insure that
the individuals enumerated below meet their prescribed obligations
with respect to maintaining an acceptable noise environment.

1-2



Medical  Author i t ies

Among the responsib i l i t ies  of  medica l  and re la ted author i t ies  are
the  fo l lowing: issue health and medical guidance, identify and
evaluate  noise  re la ted  e f fects ,  prov ide  consul ta t ion  on the  hea l th
aspects of noise, and identify hazardous or impacted noise environ-
ments (Reference 1-1 through 1-5).  Furthermore, through medical
research the more subtle effects of noise are being discovered and
protection devices, such as ear plugs, are being improved,

Scientists and Technologists

The efforts of this group are directed mainly towards the noise source,
as exemplif ied by the development of quieter engines, more effective
muff lers  and baf f les ,  protect ive  insulat ion,  and other  dev ices  to
reduce noise.

Planners

Installation planners are charged with maintaining noise compatible
land use patterns. Because acceptable sites are not always avail-
ab le  for  noise  sensi t ive  uses, the planner must be aware of other
noise abatement techniques such as building orientation, building
a t t e n u a t i o n ,  b a r r i e r s ,  e t c .

Architects and Engineers

As designers, architects and engineers have key roles in implementing
structural and site specif ic noise abatement measures in the design
and construction phase.

Operators

The largest group of individua
a r e  o p e r a t o r s ,  i n s t a l l e r s ,  a n d
This group is often! the least

s  wi th  noise  abatement  responsib i l i ty
mechanics of noise producing machinery.
nformed of  i ts  responsib i l i ty  to  adhere

to  noise  or iented engineer ing and operat ional  contro ls .

Broad Approach to Noise Reduction

Responsibil i t ies for noise abatement rest with several groups and
must be met in every quarter of the noise environment before the
problem can be alleviated. There  wi l l  usual ly  be  a  choice  of  abate-
ment approaches, and the most cost effective may be the best approach.
T h e r e f o r e , ,  p l a n n e r s must understand techniques outside their direct
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contro l . I f  p lanners  are  to  create  or  mainta in  an envi ronment  of
an acceptable  qual i ty , they must understand the techniques and the
combinat ions thereof  which wi l l  be  e f fect ive . Therefore, this manual
deals not only with abatement through land use planning but intro-
duces the planner to the entire noise system and the points within
this system where noise abatement is possible.

Because planners must take this broad view of noise planning, they
must be prepared to assume a wide range of responsibil i t ies. They
wi l l  have  to  operate  as  in format ion of f icers  educat ing others  ( the
publ ic ,  act iv i ty  commanders  and of f icers ,  e tc . )  about  noise  con-
siderations. They will have to draw activity commanders and experts
together to develop noise abatement strategies. They wil l  have to be
advocates, recommending specific action by others. Planners
(with assistance from others) wil l  have to assess the problem,
develop and recommend solutions, and provide monitoring to assure
that  implemented solut ions are  e f fect ive .

Future Noise Problems

This manual deals with preventing future problems as well  as solving
exist ing ones. Noise problems often require great expense or radical
change to resolve but the planner, wi th  the  use  of  s i t ing  and other
basic techniques, can prevent such problems. Awareness of potential
problems is paramount in all  modes of noise planning. The reader
should be ever cognizant that the noise environment is not static.
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1-3 OVERVIEW OF THE NOISE ABATEMENT SYSTEM

Noise, i ts  creat ion,  e f fects ,  and abatement ,  can be  thought  of  in
systemic terms. Achievement of the goal of protecting individuals
from harmful noise levels requires a knowledge of the inter-
relationships of the noise system elements. Figure 1-3 depicts
th is  system in  a  s impl i f ied  form. Al l  e lements and re lat ionships
cannot be shown, but the model does illustrate how the elements
are related and also how the sections of this manual f i t  together.
in the following paragraphs, the various elements of the noise
abatement system are described briefly and referenced to the appro-
priate section of the manual.

Source -  Path -  Receiver

The physical basis of the noise system is the noise source,,  path,
and rece iver  re la t ionship . Noise emanates from a source, travels
along a path, and is perceived by the receiver. Awareness of this
concept is essential  in the formulation of abatement techniques.
Background data on this basic relationship is presented in Section
2-1, Basic Concepts.

Quantif ied Noise Data

Before a noise problem can be resolved, the nature and intensity of
the noise must be quantif ied. A s  i l l u s t r a t e d  i n  F i g u r e  1 - 3 ,  n o i s e
is measured at a point in the path; the exact point between the source
and the receiver dependent on the purpose of the measurement. Be-
cause of  the  d i f ferent  types of  noise ,  (e .g . ,  impulse ,  s teady s ta te ,
tonal,  etc.) ,  different types of measures have been developed to
increase descriptive accuracy. The concepts behind various noise
measures are covered in Section 2-2, Noise Measures. In Chapter 3,
Noise Assessment Techniques, the appropriate measurement techniques

 for common sources are explained.

Effects of Noise (on Receiver)

The effect of noise on the receiver can be considered the focal point
of the entire system because it  is these effects which should be
minimized. The physiological and psychological effects of noise are
discussed and related to quantif ied noise levels in Chapter 4.

Recommended Noise Levels

With documentation of the effects of noise and relating these effects
to corresponding noise levels, it is possible to produce recommended
noise levels or standards. I n  C h a p t e r  4 ,  t h i s  t o p i c  i s  t r e a t e d  a t
length.
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FIGURE 1-3 NOISE ABATEMENT SYSTEM

Planning Guideline Application
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Reducing Noise Conflicts

Given standards on allowable noise levels and knowledge of the nature
of  the  noise  source ,  path ,  and rece iver ,  i t  is  possib le  to  devise
methods to reduce noise conflicts. As indicated on the bottom of
F i g u r e  1 - 3 , methods to reduce adverse effects of noise may be applied
at  the  noise  source ,  a long the  path ,  or  near  the  rece iver . This sub-
ject  is  t reated In  Chapter  5 ,  Reducing Noise  Conf l ic ts .

Planning Guidelines Application

The means available to reduce the adverse effects of noise on individ-
uals are described in Chapter 6. In Chapter 6, Noise Planning:
Guidelines and Application, the process is taken one step further,
and a methodology for choosing and applying the optimal abatement
techniques is presented. Referr ing again  to  F igure  1 -3 ,  the  numer-
ous arrows directed to the “planning guidelines application” box
indicate that before implementation can occur planners must have
quantif ied noise data and recommended noise levels, so that the
problem can be identif ied. They must also have thorough knowledge
of the source, path, and receiver and of the methods to reduce noise
confl ict so that they can judge which methods might be most effective.
The f ina l  dec is ion wi l l  be  made in  l ight  o f  these data  as  wel l  as
local  economic,  pol i t ica l ,  envi ronmenta l ,  and socia l  factors  and
mission requirements.
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CHAPTER 2 CHARACTERISTICS AND MEASUREMENTS OF NOISE

2-1 BASIC CONCEPTS

2-1 .1 SOUND WAVES

As an object  v ibrates  back and for th  in  the  a tmosphere ,  i t  co l l ides
wi th  the  surrounding a i r  par t ic les  creat ing a  pressure  d is turbance.
These a i r  par t ic les  co l l ide  wi th  other  a i r  par t ic les ,  thus causing
the pressure disturbance to spread away from the source of vibration.
At  the  ear  th is  d is turbance generates  a  v ibrat ion in  the  ear  drum,
which is transmitted via the network of bones in the ear to the
cochlea ,  which conver ts  the  v ibrat ion in to  an e lect r ica l  s ignal
interpreted by the brain as sound.

The alternate grouping together (“compression”) and spreading apart
( “ r a r e f a c t i o n ” )  o f  t h e  p a r t i c l e s  r e s u l t s  i n  a  v a r i a t i o n  o f  p r e s s u r e
above and be low atmospher ic  pressure  (see  F igure  2 -1 .1 ) .  Th is
“sound wave” t rave ls  in  a i r  a t  about  1 ,100  feet  (335  meters)  per
second. The distance between successive compressions or successive
rarefactions is the wavelength of the sound; the number of com-
pressions or  rarefact ions occurr ing per  uni t  t ime is  the  f requency
of the sound.

These various parameters of the sound wave are related by the formula:

where :

c -  speed of sound in feet (or meters) per second

f = frequency in Hertz (Hz),  cycles per second

2 - 1 . 2 DECIBEL SCALE

The sound pressure of a loud sound, such as that generated by a rocket
engine, may be one bil l ion t imes the sound pressure of a quiet sound
such as a soft whisper. Because of this large range, and because
the ear responds more closely to a logarithmic rather than l inear
base, sound levels are usually expressed on a logarithmic scale. The
sound pressure level (SPL) of an acoustic signal is defined as:
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FIGURE 2-1.1 REPRESENTATION OF A SOUND WAVE
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(Eq.2 -1 )

where :

P = the sound pressure of the acoustic signal above atmospheric
pressure

P o

= a reference pressure, standardized at 20 micropascals (this
reference pressure represents the weakest sound that can be
heard by an average young undamaged ear).

SPL is expressed in units of decibels (dB)

As explained below, there are numerous noise measures in use, most
of  which are  expressed in  uni ts  o f  dB.  There  are  major  spectra l
and temporal (and possibly reference pressure) differences among
these measures ; thus,  to  ensure  proper  use of  dec ibe l  va lues,  a l l
underlying assumptions and characteristics should be understood.

Since decibels are logarithmic units, sound levels cannot be added
by ordinary  ar i thmet ic  means.  For  example ,  i f  a  s ingle  engine on
an a i rcraf t  produces a  sound leve l  o f  90  dB at  a  par t icu lar  locat ion,
two ident ica l  engines would  not  produce 180  dB.  The term (P /P)2 i s
a  measure  of  the  energy in  theacoust ic  s ignal ;  addi t ion  of  sound
levels must be performed on an “energy basis” (see Example 2-1.2a).

F i g u r e  2 - 1 . 2 a  i l l u s t r a t e s  a “shor t  cut”  approach to  dec ibe l  addi t ion .
To add 90 and 90 the table indicates that 3 dB must be added to give
93 dB, as before. To add 90 and 95, 1 dB is added to 95 to yield
96 dB. When it is necessary to add more than two sound levels
together,  the levels should be rank ordered, and then added together
two a t  a  t ime s tar t ing  wi th  the  lowest  two leve ls ,  as  i l lust ra ted
in Example 2-1.2b.

Although a 3 dB increment in noise level represents a doubling of
sound energy, for  two noise  s ignals  d i f fer ing by  3  dB the  h igher
level does not sound twice as loud as the lower. i n  r e a l i t y ,  a  3  d B
di f ference in  noise  leve ls  is  only  moderate ly  detectable  by  the
human ear. It  has been found that a difference on the order of 10
dB represents a subjective doubling of loudness. Thus, 3 dB corre-
sponds to a factor of two in sound energy, while 10 dB corresponds
approximately to a factor of two in subjective loudness.
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EXAMPLE 2-1.2a DECIBEL ADDITION PROCEDURE

PROBLEM:

At location X the noise levels from two sources (No. 1 and No. 2) are each 90dB.

Determine the dB value when the sources are operating simultaneously.

4 .  P1 = P2

= 3 + 9 0 d B

SPL Total = 93 dB

Total dB at location X is 93 dB.
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METHOD FOR ADDITION
FIGURE 2-1.2a OF SOUND LEVELS

O to 1 dB 3

I 2 to 3 dB 2

4 to 9 dB

0 I

NOTE: To add more than two levels,
start with lowest value

EXAMPLE 2-1.2b SIMPLIFIED DECIBEL ADDITION

PROBLEM:

Determine the sum of the following noise levels.

SOLUTION:

= 90 dB
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2 - 1 . 3 FREQUENCY CHARACTERISTICS

As discussed previously, a vibrating object produces a sound wave with
a  character is t ic  f requency. I n  p r a c t i c e ,  a  p a r t i c u l a r  n o i s e  s i g n a l  i s
a complex combination of frequency components produced by many differ-
ent vibrational and oscil latory modes of the noise source. Each fre-
quency component may be of different magnitude and may vary as a
funct ion of  t ime.

In  order  to  proper ly  represent  the  noise  character is t ics  of  a  source ,
i t  is  necessary  to  d iv ide  the  tota l  no ise  s ignal  in to  i ts  f requency
components. Know1 edge of the frequency “spectrum” of a noise signal
Is important because:

( 1 )  P e o p l e  h a v e  d i f f e r e n t  h e a r i n g  s e n s i t i v i t y  a n d  r e a c t
d i f ferent ly  to  var ious f requencies .

(2 )  D i f ferent  no ise  sources  have  d i f ferent  f requency
c h a r a c t e r i s t i c s .

(3 )  Engineer ing solut ions for  reducing or  contro l l ing
noise are frequency dependent.

One may determine the frequency distribution of a noise signal by
successive ly  passing i t  through severa l  d i f ferent  f i l te rs  which wi l l
separate the noise into 8 or 9 octaves on a frequency scale. Just
as an octave on a piano keyboard, an octave in sound analysis repre-
sents the frequency interval between a given frequency such as 350 Hz,
and twice that frequency, 700 Hz. The normal frequency range of hear-
ing for most people extends from a low frequency of about 20 Hz up to
a high frequency of 10,000 to 15,000 Hz. Most octave band noise
analyz ing f i l te rs  cover  the  audio  range of  22  Hz  to  11 ,200  Hz  in  9
octave frequency bands. T h e s e  f i l t e r s  a r e  i d e n t i f i e d  b y  t h e i r  g e o -
metric mean frequencies; hence, the octave frequency band of 700 to

Listed in Figure 2-1.3a are the range and mean of each of the nine
standard octave bands. I t  is  possib le  to  analyze  the  noise  s ignal
wi th  f i l te rs  narrower  than an  octave  in  width . One- third octave
bandwidth  f i l ters  are  f requent ly  used.  The sum of  the  ind iv idual
octave  band leve ls  is  the  “overa l l”  leve l .

To demonstrate noise signal frequency analysis, the typical frequency
s p e c t r u m  f o r  j e t  e x h a u s t  n o i s e  i s  i l l u s t r a t e d  i n  F i g u r e  2 - 1 . 3 b .  A
piano keyboard is shown for reference.
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FIGURE 2-1.3a
OCTAVE FREQUENCY

BANDS

Octave Frequency Geometric Mean
Range (Hz) Frequency of Bend (Hz)

22 -- 44 31

44 -- 88 63

88 -- 175 125

175 -- 350 250

350 -- 700 500

700 -- 1,400 1,000

1,400 -- 2,800 2,000

2,800 -- 5,600 4,000

5,600 -- 11,200 8,000

NOTE: Sum of individual octave bend levels equals “overalI”
level.
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OCTAVE BAND CENTER FREQUENCY (Hz)
(CYCLES PER SECOND)

FIGURE 2-1.3b
TYPICAL FREQUENCY SPECTRUM

OF JET EXHAUST NOISE
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2 - 1 . 4 PROPAGATION CHARACTERISTICS

Sound from a single source, on the  ground or  in  the  a i r ,  spreads out
uniformly as it  travels away from the source. For each doubling of
d is tance, the sound energy per unit  area decreases by a factor of
four ,  resul t ing in  a  6  dB a t t e n u a t i o n  i n  t h e  s o u n d  s i g n a l  ( 3  dB f o r
e a c h  f a c t o r  o f  2  i n  s o u n d  e n e r g y ) .  T h i s  e f f e c t ,  r e f e r r e d  t o  a s  t h e
inverse square law, is common to all  types of energy originating
from a “point” source free of focusing.

The energy  drop-of f  character is t ics  d i f fer  for  o ther  types  of  sources .
Near a “ l ine”  source  the  a t tenuat ion is  3  dB per  doubl ing of  d is tance.
A heavily travelled highway approximates a l ine source.

In  addi t ion to  the  decl ine  that  resul ts  f rom the  spreading of  the
sound waves, there are atmospheric effects which further attenuate
sound. Through molecular absorption, the air absorbs a certain
amount of high frequency energy over relatively long distances. This
effect is dependent upon air temperature and relative humidity as well
as sound frequency. The atmospheric absorption for typical weather con-
dit ions of 60"  F and 49% re la t ive  humidi ty  is  shown in  F igure  2-1 .4a .

This  e f fect  can have a  s igni f icant  in f luence on noise  s ignals  wi th
high f requency content ,  such as  a i rcraf t .  The  typ ica l  no ise  leve l
variation with distance with and without atmospheric absorption effects
i s  i l l u s t r a t e d  i n  F i g u r e  2 - 1 . 4 b . As can be seen, the attenuation of
high frequency (1000 Hz and above) sound in addition to inverse square
a t t e n u a t i o n  i s  q u i t e  s i g n i f i c a n t ;  o v e r  v e r y  l a r g e  d i s t a n c e s ,  t h i s
atmospheric attenuation becomes important for mid frequency (around
500 Hz) sound as well.

In  addi t ion to  molecular  absorpt ion, there  are  a  var ie ty  o f  a tmos-
pheric phenomena, such as wind and temperature gradients, which
affect the propagation of sound through the air . Sound propagating
from ground leve l  sources is  a lso  in f luenced by  ter ra in  and st ruct -
ures which may either absorb or reflect sound, depending upon their
surface and location relative to the sound source.

Both air  and ground attenuation. or absorption effects increase with
distance, and can thus be sizeable (greater than 10 dB) for those
sources which propagate over large distances (thousands of feet) .
Also, since these effects are temperature/humidity and/or wind depend-
e n t , they can vary somewhat from day-to-day, and appreciably over a
year . Therefore, it  is best to use average conditions to assess noise
exposure for long-term planning purposes (with special consideration
given to portions of the year having weather conditions which might
provide “worst case” no i se exposure). Also short - term f ie ld  moni tor -
ing (either to gather new data or check existing data) must include
an appraisal of measured and average meteorological conditions.
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FIGURE 2-1.4a
TYPICAL ATMOSPHERIC
ABSORPTION OF SOUND

Temperature 90° F Relative Humidity 49%

40
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0
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FIGURE 2-1.4b
TYPICAL  ATTENUATION WITH  D ISTANCE

FOR A POINT SOURCE

400 1000 4000 10,000 20,000

DISTANCE FROM SOURCE (FEET)
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While many noise sources are omnidirectional ( i .e. ,  radiate sound
energy equal ly  in  a l l  d i rect ions) ,  cer ta in  sources exhib i t  d is t inct
d i r e c t i o n a l i t y  c h a r a c t e r i s t i c s .  T h e  n o i s e  o f  a  j e t  e n g i n e ,  f o r
example, is typically at a maximum at an angle of about.45 degrees rela-
t ive  to  the  je t  exhaust  ax is . For ground-based noise sources,
d i rect ional  character is t ics  can of ten  be  explo i ted  by  or ient ing the
source so that the primary propagation paths are directed away from
sensitive land uses.
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2-2 NOISE MEASURES

Over the past 30 years, a wide variety of noise measures or rating
scales have been developed for the purpose of quantifying the noise
generated by particular sources. The multiplicity of noise measures
has resulted from wide variations in the spectral and temporal char-
acteristics among noise sources. For an engineering analysis of the
noise exposure of a particular source, one noise measure may have
many advantages over another. However, for the purposes of this
manual, i t  is desirable to uti l ize a common measure for al l  sources.

The noise measures used throughout this manual, and other measures
of  par t icu lar  in terest ,  a re  presented be low. T h e  f i r s t  s e v e r a l  a r e
uses to describe single,  discrete events; they are descriptors which
incorporate the frequency and/or temporal characteristics of the noise
signal into a single number rating. These measures form the basis
for the cumulative measures which follow. The relationship of these
var ious measures is  i l lust ra ted in  F igure  2 -2 .

The discussion which follows provides a conceptual description of the
noise measures. Expl ic i t  deta i ls  and def in ing equat ions are  presented
in the Glossary.

Z-2.1 FREQUENCY CONSIDERATIONS

The human ear is more sensitive to sound of high frequency (1,000 Hz
and above) than to mid or low frequency (125 Hz and below) sound. For
th is  reason i t  is  appropr ia te  to  apply  a  weight ing funct ion to  the
noise spectrum which will approximate the response of the human ear.
The A-weighted sound level was developed in this manner. It is a
single number measure of the magnitude of a noise signal, with a
weighting characteristic which de-emphasizes the low-frequency
portion of the spectrum. Simi lar ly ,  the  perce ived noise  leve l  was
developed, based upon the subjective assessment of the relative
noisiness of the different frequency components of the noise signal.

On many installations, large amplitude impulsive sounds are a signi-
f icant portion of the total  noise exposure. Such sounds (which
include sonic booms and blasts from quarry and arti l lery operation;)
may cause vibrations of bulldings and other structures which can
result in annoyance beyond that due to the noise exposure alone.
This increased annoyance can be assessed using the C-weighted sound
l e v e l .

2 -2 .1 .1 A-WEIGHTED SOUND LEVEL (AL)

The A-weighted level of a signal, in dB, is obtained by measuring the
signal on a sound level meter with an A-weighted-network. This
weight ing  network  is  an  e lect r ica l  c i rcu i t  that  represents  the
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RELATIONSHIP AMONG
FIGURE 2-2 NOISE MEASURES

Single Event Measures

Frequency Time
Considerations Considerations

Cumulative Measures

PNL

PNL, perceived noise level

PNLT, tone corrected PNL

AL, A-weighted sound level

CL, C-weighted sound level

EPNL, effective perceived noise level

SE L, sound exposure level

SELC, C-weighted sound exposure level

CNR, composite noise rating

NEF, noise exposure forecast

Leq, equivalent sound level (for
given time interval)

Ldn, day-night average sound level

LCdn, C-weighted day-night average 
sound level
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approximate frequency response characteristics of an average young ear.
The upper portion of Figure 2-2.1.1,  shows the frequency ‘response of
the A-weighting network. The e f fect  o f  apply ing th is  weight ing
funct ion to  a  d iese l  t ruck  spectrum is  i l lust ra ted in  the  bot tom
p o r t i o n  o f  t h e  f i g u r e .

In  severa l  s tudies , it  has been found that a person’s judgment of the
loudness of a noise correlates well  with the A-weighted sound levels
of these noises. Thus, a noise signal with an A-weighted level of
6 5  dB would typically be judged louder than another noise at 60 dB
when both are considered in a similar context. The A-weighted sound
level ,  or  A- level ,  has been used extensive ly  In  th is  country  for
the measurement of community and transportation noises.

2 - 2 . 1 . 2 PERCEIVED NOISE LEVEL (PNL)

The high frequency component of jet aircraft noise makes comparisons
of  a i rcraf t  no ise  leve ls  inappropr ia te  unless  f requency weighted.
The perceived noise level was developed specifically to compensate
f o r  t h i s  f a c t o r . Whi le  the  A- level  is  measured using an e lectr ica l
c i rcui t ,  the  perce ived noise  leve l  can be  obta ined only  through a
calculative procedure which applies a weighting factor to each
frequency component of the signal.

I n  f u r t h e r  c o n t r a s t  t o  t h e  A - l e v e l , the  perce ived noise  leve l  weight -
ing function is based upon subjective assessment of the noisiness of
the various frequency components of the signal,  rather than upon
loudness considerations. There is more emphasis on the upper portion
of the noise spectrum (2,000 -  4 ,000  Hz)  in  th is  weight ing funct ion
than in the A-weighting function. The perce ived noise  leve l ,  in
units of PNdB, has been used for many years in the U.S. as a measure
o f  a i r c r a f t  n o i s e .

2 - 2 . 1 . 3 TONE-CORRECTED PERCEIVED NOISE LEVEL (PNLT)

The tone-corrected perceived noise level is the perceived noise level
with an adjustment for pure tones. This measure attempts to account
for human sensitivity to strong discrete frequency components in the
noise  s ignal , over and above the sensit ivity to high frequency noise.

2 - 2 . 1 . 4 C-WEIGHTED SOUND LEVEL (CL)

The C-weighted level of a signal, in dB, is obtained by measuring the
signal on a sound level meter with a C-weighting network. In  contrast
to the A-weighting network, which has pronounced emphasis and de-
emphasis characteristics in order to represent the ear’s frequency
response, the C-weighting network provides no adjustment to the noise
signal over most of the audible frequency range except a slight de-
emphasis of the signal below 100 Hz and above 3,000 Hz.
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THE A-WEIGHTING NETWORK AND AN
FIGURE 2-2.1.1 A-WEIGHTED TRUCK SPECTRUM

16 31.5 63 125 250 500 1000 2000 4000 8000 16,000
FREQUENCY (Hz)

ELECTRICAL FREQUENCY RESPONSE SPECIFIED FOR THE
A-SCALE FILTER OF SOUND LEVEL METERS (ANSI S1.4.1971)
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50

40
31.5 63 125 250 500 1000 2000 4000 8000

OCTAVE BAND CENTER FREQUENCY (Hz)

GENERALIZED SPECTRUM FOR DIESEL TRUCK
NOISE AT 50 FT DISTANCE FOR ALL SPEEDS
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2 - 2 . 2 TEMPORAL CONSIDERATIONS

Subjective tests indicate that human response to noise is not only a
function of the maximum level,  but of the duration of the signal and
i ts  tempora l  var ia t ion. Time related changes may range from a sound
level constant over t ime, as produced by a continuously operating
machine, to the typical hay stack-shaped t ime history produced by an
a i r c r a f t  f l y o v e r , to the constantly varying noise levels perceived
near highways.

H i s t o r i c a l l y , several methods have been used to introduce time
c h a r a c t e r i s t i c s . With recent advances in electronics and instru-
mentation technology, there are now instruments which can integrate,
or sum, noise signals as a function of t ime.* ( In tegrated noise
levels are a measure of the physical energy in the noise signal.)

Signif icant evidence indicates that two signals with equal sound
energy wil l  produce the same subjective response (Ref.  2-1,  2-2).  For
example, a noise
minutes would be
lasting for 20 m
the time period.

I n  p r a c t i c e ,  t h e
occurro f  l e v e l s

of the no
ing the s
2 - 2 . 2  .

ise  s ignal . For  an indiv idual  event ,  the  process of  d iv id-
ignal into one-half second increments is shown in Figure

2 - 2 . 2 . 1

wi th  a  constant  leve l  o f  85  dB o c c u r r i n g  f o r  t e n
judged equally as annoying as an 82 dB noise signal
n u t e s ,  i . e . , one-ha l f  the  energy  last ing  for  twice
This is known as the “equal energy” principle.

integration process is often replaced by a summation
ng at one-half  second intervals over the upper 10 dB

SOUND EXPOSURE LEVEL (SEL)

Integrat ion of  the  A-weighted noise  leve l  over  the  per iod of  a  s ingle
event (such as an aircraft  f lyover) gives the sound exposure level,
in dB. Therefore, incorporated in this measure are both frequency
and duration considerations.

2 - 2 . 2 . 2 EFFECTIVE PERCEIVED NOISE LEVEL (EPNL)

The e f fect ive  perce ived noise  leve l  is  obta ined by  in tegrat ing the
tone-corrected perceived noise level (PNLT) over the period of a single

*Elect ronic  noise  s ignal  in tegrat ion typ ica l ly  ut i l i zes  networks wi th
“ f a s t ”  o r “slow” dynamic’ characteristics, which may not provide a
t r u e  i n t e g r a t i o n ,  p a r t i c u l a r l y  f o r  i m p u l s i v e  s i g n a l s . in most cases,
however ,  th is  approach wi l l  suf f ic ient ly  approximate  t rue  in tegrat ion
time.
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INTEGRATION PROCEDURE FOR
FIGURE 2-2.2 A SINGLE NOISE EVENT

t (1)

Duration of Event

t (2)

NOTE: Integration performed by summing (on an energy basis) each noise
level within 10 dB of the maximum level.
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event. EPNL, in units of EPNdB, thus uti l izes a pure-tone adjustment
in addition to frequency and duration considerations.

2 - 2 . 2 . 3 C-WEIGHTED SOUND EXPOSURE LEVEL (SELC)

The C-weighted sound exposure level,  in dB, is obtained by integrat-
ing the C-weighted sound level over the period of a single event.

2 - 2 . 3 CUMULATIVE MEASURES

While the measures discussed previously are appropriate for rating
the  noise  of  ind iv idual  no ise  “events” ,  in  pract ice  the  e f fects  of
noise  on people  and the i r  act iv i t ies  is  due to  the  accumulated in f lu -
ence of many noise events occurring during a day. Thus a cumulative
measure of noise exposure is a useful rating of the noise environ-
ment.

Noises which occur during nighttime hours are usually judged more
annoying or intrusive than ‘those occurring during the day. This
is  because there  is  a  greater  des i re  for  f reedom f rom noise  in t ru-
sions during periods of relaxation and sleep, and because the effects
of a noise signal are accentuated at night due to the decrease in
background noise levels. Therefore, with most 24-hour cumulative
measures, the day is divided into daytime (0700 to 2200 hours) and
nighttime (2200 to 0700 hours) periods, and a penalty or adjustment
is made for nighttime noise exposures.

2 - 2 . 3 . 1 COMPOSITE NOISE RATING (CNR)

For more than a decade the composite noise rating has been used as a
measure of the 24-hour noise environment at both mil itary and civi l ian
a i r f i e l d s . Graphically, CNR is depicted by three noise environment
zones. These zones are determined by overlaying perceived noise
leve l  (PNL)  contours  of  equal  noise  leve ls .  These contours  are
based on f l ight  paths  and a i rcraf t  types.  F ive  decibe l  ad justments
in the PNL contours are made to take into account the number of
f l ights  occurr ing on typ ica l ly  busy days ( twenty- four  hour  per iod) .
A final map of the three CNR zones is produced by superposition of
the several adjusted PNL contours.

Ground runup operations can also be assessed using the CNR procedure.
To incorporate the observed adverse community reaction to runup
operations, a 20 dB adjustment is applied to runup contours.*

* This 20 dB adjustment  resul ts  f rom a  15  dB penal ty  for  runup opera-
tions plus a 5 dB normal iz ing adjustment .

2 -19



2 - 2 . 3 . 2 NOISE EXPOSURE FORECAST (NEF)

NEF values are determined by calculative rather than graphical means,
and computer programs are usually uti l ized to assist in the prepara-
tion of the contour maps. The noise exposure forecast is based upon
the EPNL, rather than the PNL, as the measure of individual aircraft
events, The NEF definit ion of the aircraft created noise environment
is an explicit  summation of daytime and nighttime (with penalties)
noise  leve ls . A 10 dB penalty is applied to ground runup operations.

2-2.3.3. COMMUNITY NOISE EQUIVALENT LEVEL (CNEL)

The community noise equivalent level is a measure of the noise envi-
ronment over a 24-hour annual average day. I t  i s  t h e  2 4 - h o u r
A-weighted sound level)
(1900 to 2200) l

with a 5 dB weight ing appl ied  to  the  evening
evels and a 10 dB weight ing appl ied  to  the  n ight t ime

l e v e l s ,

The CNEL is used in California. The CNEL is similar to the day-night average
sound level except for the 5 dB weight ing for  evening leve ls .
air base noise environments the CNEL and day-night average sound level
va lues  wi l l  agree  wi th in  a  f ract ion  of  a  dB.

2 - 2 . 3 . 4 EQUIVALENT SOUND LEVEL (Leq)

The equiva lent  sound leve l ,  or  Le q may be obtained by averaging (on
an energy basis) the A-weighted sound levels over a selected time
per iod. This  leve l  is  the  cont inuous noise  leve l  that  would  be  equiva-
lent,  on an energy basis, wi th  the  f luctuat ing noise  s ignal  under
considerat ion. In contrast with the CNR and NEF measures, Leq  i s
a p p l i c a b l e  t o  a l l  t h e  n o i s e  s o u r c e s ,  n o t  j u s t  a i r c r a f t .

The typ ica l  averaging t ime for  the  equiva lent  sound leve l  is  a  per iod
of one hour. However, by averaging over an 8-hour work period, for
example, a measure of the equivalent sound level a worker is exposed
to during a work day can be obtained.

For noise sources which are not in continuous operation, the equiva-
lent sound level may be obtained by decibel summing (i.e., summing
on an energy basis) the individual SEL values and dividing by the
appropr ia te  t ime per iod.

2 - 2 . 3 . 5 DAY-NIGHT AVERAGE SOUND LEVEL (Ldn)

The day-night average sound level is obtained by energy-averaging noise
leve ls  over  a  24-hour  per iod,  wi th  a  10  dB penal ty  to  n ight t ime noise
l e v e l s . A S w i t h  Le q, the day-night average sound level can be applied
to  a l l  sources of  noise . W i t h  r e g a r d  t o  a i r c r a f t  n o i s e ,  t h e  Ld n  p r o -
cess does not incorporate a special penalty for ground runup operations
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as with the CNR and NEF measures. For discrete event noise sources,
such as  a i rcraf t  operat ions,  Ld n  i s  a n a l o g o u s  t o  N E F : it may be com-
puted by decibel summation of noise levels ( in terms of SEL rather
than EPNL) occurring during daytime and nighttime periods (with the
nighttime penalty).

2 - 2 . 3 - 6 C-WEIGHTED EQUIVALENT SOUND LEVEL (LCeq)

The C-weighted equivalent sound level is the level of the t ime-weighted
mean square C-weighted sound pressure. The C-weighted equivalent
leve l  is  determined in  a  manner  s imi lar  to  that  of  the  equiva lent
s o u n d  l e v e l  ( Le q)  except  that  the  C-weight ing  is  subst i tu ted  for
the A-weighting,

2 - 2 . 3 . 7 C-WEIGHTED DAY-NIGHT AVERAGE SOUND LEVEL (LCdn)

While the noise impact of impulsive sounds may be quantif ied using
the (A-weighted)  day-n ight  average sound leve l ,  Ld n,  the  addi t ional
annoyance of structural vibration must also be taken into account.
The C-weighted day-night average sound level is an appropriate measure
of this annoyance (see Reference 2-4).

S i m i l a r  t o  Ld n, L C d n  is  computed by decibel  summat ion of  noise  leve ls
(in terms of SELC)  occurring during daytime and nighttime periods,
wi th  a  n ight t ime penal ty  inc luded.

Future studies may result in changing the treatment of impulse noise,
however, this use is appropriate as the best approximation now available.
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CHAPTER 3 NOISE ASSESSMENT TECHNIQUES

3-1 GENERAL INFORMATION

The planner must be able to estimate the noise exposure produced by
indiv idual  noise  sources,  as  wel l  as  the  tota l  exposure  resul t ing
from a combination of noise sources. Knowing the cumulative noise
exposure at potential  development sites permits selection of the
most  appropr ia te  s i te  for  a  par t icu lar  land use. (Refer to Chapter 6
for a more detailed discussion of the noise planning methodology.)

The purpose of this chapter is to describe the tools the planner may
use to estimate the noise exposure at potential ly developable sites.
These tools include computer-generated noise exposure contours
provided by DOD agencies (see Appendix A) and manual evaluation
procedures which the planner may use to estimate noise exposure.

3 -1 .1 NOISE EXPOSURE PREDICTION TOOLS

Major noise sources on an installation may include aircraft operations
(on the  ground and in  the  a i r ) ,  weapon operat ions,  t ra f f ic  ( inc luding
motor and rail  vehicles),  and operations of f ixed noise sources
( inc luding power  p lants ,  test ing fac i l i t ies  and ground support ’
equipment).

I t  would  be ideal  i f  insta l la t ion p lanning could  be based on an
installation wide noise exposure contour map, incorporating the con-
t r ibut ions of  a l l  major  noise  sources. At the present t ime such
contours  are  not  ava i lab le ;  i t  is  therefore  necessary  to  descr ibe
the noise environment using a variety of tools.

Because of  the i r  impact  on a  major i ty  of  mi l i tary  insta l la t ions,  as
wel l  as  in  the  c iv i l  envi ronment ,  a i rcraf t  and impulse  noise  have
been studied considerably over the past several years. The complex-
ity of estimating the noise exposure from these sources has resulted
in the development of computer models. Consequently, several agen-
cies within the military departments have acquired computer capabil i-
t ies for generating noise exposure contours for these sources.

The complex i ty  of  the  predic t ion procedure  is  a  resul t  o f  the  large
number of parameters required for an accurate estimation. F o r  a i r -
craf t  no ise ,  for  example , there  is  a  wide  range of  a i rcra f t  types ,
var ia t ions in  missions, f l ight paths, and operational procedures which
must be incorporated within the evaluation procedures. The necessary
calculations can be performed by hand but the computer can analyti-
ca l ly  predict  noise  exposure  more  quick ly  and ef f ic ient ly .  Manual
est imat ion procedures  are  prov ided in  th is  chapter  for  a i rcraf t  no ise
sources.
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For sources other than aircraft  and impulsive noise, the reduced
number of relevant variables permits the use of much less complex
predict ive  procedures,  For  example , highway noise is predicated on
a f ixed path and a l imited number of vehicle types; thus, generalized
evaluation procedures are simplif ied enough to obviate the need for
computers. Manual evaluation procedures for these sources are pre-
sented in  th is  chapter .

3 - 1 . 1 . 1 NOISE ASSESSMENT SERVICE PROVIDED BY JOINT SERVICES AGENCIES

Services provided by the DOD agencies listed in Appendix A include
both on-site measurement of existing noise conditions and generation
of noise contours. Because of  the  ava i lab i l i ty  o f  sophist icated
acoustical equipment and special computer programs, contours provided
by DOD agencies are more accurate than the manual procedures listed
in this manual. Computer-developed noise exposure contours are
available for ground and air operations of both f ixed and rotary wing
a i r c r a f t  a n d  f o r  a r t i l l e r y  f i r i n g  a n d  b l a s t i n g  o p e r a t i o n s .  ( S o c i a l
research is being undertaken for the purpose of validating the
methodology for  ar t i l le ry  f i re  contours . )

Eventual ly ,  a l l  computer  contours  wi l l  be ,  generated in  Ld n  u n i t s
drawn a t  5  dB i n t e r v a l s . To fac i l i ta te  analys is  contours  should
be generated at the same scale as installation maps. The input data
required for various computer programs is presented in this chapter
and in Appendix A.

The accuracy of computer-generated contours depends on the accuracy
of  the  data  suppl ied by  indiv idual  insta l la t ions. As an upper  l imi t ,
the computer-generated noise contours should be accurate to within ±5dB,
depending on the noise source and accuracy of the operational data.
For many evaluations, accuracy to within ±2dB is possible.

3 - 1 . 1 . 2 MANUAL EVALUATION PROCEDURES

Although not as accurate as the computer-generated estimates of noise
exposure, the generalized evaluation procedures presented in this
chapter  are  suf f ic ient ly  accurate  for  screening purposes.

The noise sources to be considered in this chapter can be classif ied
as e i ther  in termi t tent  or  cont inuous. Intermittent sources are those
i n v o l v i n g  s i n g l e ,  e a s i l y - i d e n t i f i e d  d i s c r e t e  e v e n t s :  t h e  n o i s e  l e v e l
rises with time, reaches a maximum value, and then decays to the
background level. The noise exposure from this type of source is
assessed in terms of the sound exposure level and-the number
of such events which occur throughout the day.
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In contrast,  continuous noise sources are those in which the noise
l e v e l  r i s e s  t o  a  p a r t i c u l a r  v a l u e , and then remains  a t  that  leve l  for
a  speci f ied  per iod of  t ime. These sources are assessed in terms of
the maximum level and the duration of such occurrences.

These concepts are expressed explicit ly in the following two equa-
t ions:

Intermi t tent  source

L dn = SEL + 10 log ( Nd + 10 Nn) - 49.4 (3 -1 )

where: SEL = maximum sound exposure level occurring
during a single event

N d = number  of  indiv idual  events  occurr ing
 during the daytime (0700-2200 hours)

N n = number  of  indiv idual  events  occurr ing
during the nighttime (2200-0700 hours)

Continuous source

L dn = AL + 10 log (Dd + 10 Dn ) - 49.4 (3 -2 )

w h e r e :  A L  = the maximum A-level occurring during
the continuous event

D d = the event duration
daytime

in seconds during the

D n = the event duration
nighttime-

in seconds during the

Equat ions 3-1  and 3-2  are  i l lust ra ted in  graphic  form in  F igures
3-1 .1 .2a  and b . In Figure 3-1.1.2a, the difference between SEL and

( Nd +  Nn )
p lot ted  as  a  funct ion of  to ta l  number  of  operat ions

and the percentage of nighttime operations. In  Figure
3 - 1 . 1 . 2 b ,  t h e  d i f f e r e n c e  b e t w e e n  t h e  A - l e v e l  a n d  Ld n  is  in  terms of
the  to ta l  durat ion  of  operat ions  and the  percentage of  that  to ta l
occurr ing at  n ight t ime (note  that  in  th is  f igure , ’  the  durat ion
scale is shown in units of minutes). For  each f igure ,  the  inser t
illustrates use of the chart.

t a i n i n g  n o i s e  l e v e l  d a t a . )
(See Appendix 6 for references con-

This  type  of  eva luat ion for  e i ther  in termi t tent  or  cont inuous events
can only be performed for similar operations of the same noise source,
that is,  where the maximum level is the same for each event. For

e x a m p l e ,  f o r  t h e  f o l l o w i n g  s e r i e s  o f  a i r c r a f t  o p e r a t i o n s :  3 0  w i t h
SEL of 80 dB, 50 with SEL of 85 dB, and 20 with SEL of 90 dB, a
separate evaluation would be required for each of the three sets of
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SEL - Ldn (dB)
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AL - Ldn (dB)
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operations. The total day-night sound level would be obtained by
summing, on an energy basis, the Ldn values  computed separate ly .
S i m i l a r l y , this is the case for a series of ground runups w h e r e
di f ferent  a i rcraf t  produce d i f ferent  maximum A- leve ls .

Because of  the  da i ly  and monthly  var iab i l i ty  o f  a i rcraf t  act iv i -
t ies, operational information should be based on the average “busy
day " . * This is obtained by computing a workday average over a
monthly period for each month, and then averaging the twelve values.
(The use of other than average “busy day” operational levels may be appro-
priate where analysis indicates that peak or seasonal operations are such
that long term averaging techniques would not properly reflect the
noise environment. For example, i f  the  average of  any  quar ter  o f
the  year  i f  greater  than th is  year ly  average by  a  factor  o f  two or
more, it  may be appropriate to assess the noise environment
resul t ing  f rom these operat ions separate ly , )

To ut i l i ze  the  char ts  presented in  th is  sect ion,  the  p lanner  must
have the SEL or AL value for the noise sources being considered.
Acquis i t ion of  th is  data  is  out l ined in  Appendix  B.

The noise evaluation procedure may be summarized as follows:

(1 )  Determine the  SEL ( for  in termi t tent  sources)  or  AL
( for  cont inuous sources)  a t  the  locat ion  of  in terest
for  each d i f ferent  type  of  operat ion . ( N o t e :  T h i s
step is  carr ied  out  according to  the  procedures  d is -
cussed in succeeding sections for each noise source.)

(2 )  Tabulate  the  number  of  operat ions ( for  in termi t tent
sources) or duration of operations (for continuous
sources)  for  each d i f ferent  type  of  operat ion .

( 3 )  D e t e r m i n e  Ldn for  each type of  operat ion,  us ing
F i g u r e  3 - 1 . 1 . 2 a  ( f o r  i n t e r m i t t e n t  s o u r c e s )  o r
3-1 .1 .2b  ( for  cont inuous sources) .  (Note:  Equat ions
3-1 or 3-2 may be used instead of the f igures.)

( 4 )  D e t e r m i n e  t h e  t o t a l  Ld n  f o r  a l l  o p e r a t i o n s  b y  e n e r g y
summing the individual Ldn values using Figure 3-1.1.2c.

T h i s  p r o c e d u r e  i s  i l l u s t r a t e d  i n  E x a m p l e  3 - 1 . 1 . 2  f o r  a  s e r i e s  o f
a i r c r a f t  f l y o v e r s .

* The average busy day concept is appropriate for on-installation
purposes. However if  an evaluation of noise exposure of off-
insta l la t ion is  per formed in  compl iance wi th  speci f ic  c iv i l  regula-
t ions,  the  use  of  d i f ferent  operat ional  data  may be  requi red. Fre-
quently,  use of annual average number of operations is specif ied.
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METHOD FOR
ADDITION OF

FIGURE 3-1.1.2c SOUND LEVELS

When Two Decibel Add the Following
Values Differ By To The Higher Value

0 or 1 dB

2 or 3 dB

3

2

4 to 9 dB 1

10 or more dB 0

NOTE: To add more than two levels.
start with lowest value.
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EXAMPLE 3-1.1.2 MANUAL EVALUATION OF AIRCRAFT NOISE

PROBLEM:

Determine total Ldn at location X which is exposed to 30 takeoffs of aircraft A, 50 takeoffs

of aircraft B and 20 takeoffs of aircraft C. Nighttime operations are 10% of total activity.

SOLUTION:

1. From altitude profiles and SEL curves for aircraft A, B and C, the SEL’s at

location X from these aircraft are 80, 85 and 90 dB respectively. (See Section

3-2.2.2, Figures 3-2.2.2a and b, and Example 3-2.2.2)

2. Number of Operations

Aircraft SEL,dB Daytime Nighttime Total Night %

A 80 27 3 30 10

B 85 45 5 50 10

C 90 18 2 20 10

3. From Figure 3-1.1.2a

SEL - L d n  = 32.0 .·. Ldn = 48.0 for aircraft A

SEL - L d n  = 29.5 .·. Ldn = 55.5 for aircraft B

SEL - Ldn = 33.5 .·. Ldn = 58.5 for aircraft C

Alternately, using Equation 3-1 (rounding to nearest one-half dB),

Ldn = 80 + 10 log ((27 + (10) (3) )) - 49.4 - 48.0 for aircraft A

Ldn = 85 + 10 log ((45 + (10) (5) )) - 49.4 = 55.5 for aircraft B

Ldn = 99 + 10 log ((18 + (10) (2) )) - 49.4 = 58.5 for aircraft C

4. From Figure 3-1.1c

48.0 + 55.5 = 56.5

56.5 + 56.5 = 59.5

Total Ldn at location X is 59.5 dB.
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This procedure applies to all  noise sources except motor vehicle
t r a f f i c . Since roadway noise is often continuous (over a 24-hour
period),  the assessment procedure involves determination of the
equiva lent  sound leve l  dur ing a  par t icu lar  hour ,  wi th  appl icat ion of
an adjustment  to  th is  Le q based upon the  to ta l  t ra f f ic  dur ing the
day to  y ie ld  the  day-n ight  average sound leve l .  Computat ions of
roadway noise are presented in section 3.6.

The evaluation procedures presented in this chapter do not take into
account the effects of shielding of ground-based noise sources by
wal ls ,  land forms,  bui ld ings or  other  barr iers  located between the
source and observer. Simplif ied procedures for assessing the magni-
tude of  these shie ld ing e f fects  is  presented in  Sect ion 5 -2 .1 .4 .

3 - 1 . 2 ORGANIZATION OF CHAPTER 3

The next several sections are devoted to the individual sources of
noise, l i s t e d  i n  F i g u r e  3 - 1 . 2 . Each sect ion is  in i t ia ted  wi th
background information defining noise source characteristics and the
importance of operational parameters on the noise environment. Where
computer-generated contours are available, information concerning
the necessary input data is provided. Where appropriate,  manual
procedures for estimating noise exposure ( including simplif ied
contours) are presented, with examples.

In  the  last  sect ion of  th is  chapter ,  the  tota l  noise  envi ronment
resulting from multiple noise sources is discussed in terms of site
screening.

F i g u r e  3 - 1 . 2   a  g u i d e  t o  t h e  t y p e s  o f  a n a l y s e s  p r e s e n t e d  i n  t h i s
manual. Note that computer a n d manual evaluation procedures are not
presented for each noise source. As expla ined in  the  f ina l  sect ion,
the planner may have to uti l ize contours and site-specific analyses
together in the site selection process’.
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3-2 AIRCRAFT NOISE, FIXED WING

3-2 .1 BACKGROUND INFORMATION

3 - 2 . 1 . 1 AIRCRAFT NOISE SOURCES

Fixed wing a i rcraf t  may be  d iv ided in to ’& and propel ler  dr iven
categor ies . F igure  3 -2 .1 .1a  i l lust ra tes  the  major  noise  sources in
var ious a i rcraf t  engines.

J e t  A i r c r a f t

Two major noise sources common to ail  jet aircraft,  are jet exhaust
noise and turbo-machinery noise. The roar  o f  the  je t  exhaust  resul ts
from the turbulent mixing of the high velocity exhaust gases with the
ambient  a i r . This  noise  is  broadband ( i .e . ,  the  acoust ic  energy is
spread throughout the audible spectrum) and varies with the eighth
power of f low velocity. Turbo-machinery noise results from turbu-
lence produced by rotating blades in the engine. This source con-
sists of strong discrete frequency components, sometimes called
pure tones, superimposed upon the broadband spectrum. These pure
tones are associated with the blade passage frequency and its har-
monics and typically occur in the 2000 to 4000 Hz region.

In the turbojet engine the main noise source is the jet exhaust.
Only for low thrust sett ings, such as on approach, is the compressor
“whine” detectable. On af terburner -equipped a i rcraf t ,  the  increased
f low ve loc i ty  through the  a f terburner  creates  s igni f icant ly  more
noise than any other power sett ing because of the eighth power
re la t ionship .

By contrast, in  the  turbofan engine  a  s igni f icant  por t ion of  the  a i r
bypasses the combustion chamber and primary exhaust; this results in
a lower exhaust velocity and thereby reduced jet noise. I n  t h i s
engine, however, the  large  rota t ing  fan  a t  the  f ront  o f  the  engine
produces strong pure tones which are dominant at ai l  thrust sett ings.

P r o p e l l e r  A i r c r a f t

P r o p e l l e r  a i r c r a f t , either piston or turbine powered, generate noise
by the formation and shedding of vortices in the f low past the
propel ler  b lades. This noise is also broadband, with discrete
frequencies superimposed on the spectrum at the blade passage fre-
quency due to  the  osci l la t ing pressure  f ie ld  on the  a i r . In  contrast
w i t h  j e t  a i r c r a f t , the major components of the propeller noise
spectrum occur in the lower frequency bands.
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FIGURE 3-2.1.1a MAJOR NOISE SOURCES IN AIRCRAFT ENGINES
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FIGURE 3-2.1.1b TYPICAL AIRCRAFT SPECTRA AT 1000 FT
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S e c o n d a r y  t o  p r o p e l l e r  n o i s e  i s  t h a t  o f  t h e  a i r c r a f t  e n g i n e .  A t
typ ica l  takeof f  power , the piston-powered aircraft  produces greater
exhaust noise than its turbine-powered counterpart. However, on
approach, the compressor of the turbine-powered aircraft  generates
dis t inct  pure  tones.

Representat ive  noise  spectra  for  var ious a i rcra f t  are  presented in
Figure  3 -2 .1 .1b.

3 - 2 . 1 . 2  OPERATIONAL CONSIDERATIONS

The noise  exposure  a t  a  ground locat ion resul t ing  f rom a i rcraf t  f l ight
operat ions is  a  funct ion-of  the  sound exposure  leve ls  produced by
indiv idual  a i rcraf t ,  and the  numbers  of  such a i rcraf t  operat ing dur ing
daytime and nighttime periods.

Typica l ly ,  the  noise  leve ls  associa ted wi th  a  par t icu lar  operat ion of
a  s p e c i f i c  a i r c r a f t  ( o r  c l a s s  o f  a i r c r a f t )  a t  a  g i v e n  t h r u s t  a r e
defined as a generalized function of the slant distance between the
a i r c r a f t  a n d  t h e  o b s e r v e r  ( r e f e r  t o  F i g u r e  3 - 2 . 2 . 2 b ) .  T h e  n o i s e  l e v e l
versus distance data is used to determine the sound exposure level at
a  speci f ic  ground locat ion. The path  of  the  a i rcra f t  in  space  is
def ined,  so  that  the  s lant  d is tance  between the  a i rcra f t  and observer
is known. This  is  accompl ished by  speci fy ing the  f l ight  t rack  and
a l t i t u d e  p r o f i l e  ( r e f e r  t o  E x a m p l e  3 - 2 . 2 . 2 ) .  T h e  f l i g h t  t r a c k  i s  t h e
project ion onto  the  ground p lane of  the  three  d imensional  f l ight  path
o f  t h e  a i r c r a f t ;  t h e - a l t i t u d e  p r o f i l e  d e f i n e s  t h e  p e r f o r m a n c e  c h a r -
a c t e r i s t i c s  o f  t h e  a i r c r a f t  i n  t e r m s  o f  a l t i t u d e  v e r s u s  d i s t a n c e  f r o m
t h e  s t a r t  o f  t a k e o f f  r o l l .

The total aircraft  noise exposure is the summation of the noise expos-
u r e  f r o m  a i l  o p e r a t i o n s  o f  a l l  a i r c r a f t  o n  a i l  f l i g h t  p a t h s . This
information should be specified in terms of the number of “busy day”
operat ions on each f l ight  path  (see  p .  3 -6  for  d iscussion of  the
“busy day” concept).

In summary, the following operational data, in conjunction with sound
exposure level versus distance data, w i l l  y i e l d  t h e  t o t a l  a i r c r a f t
noise exposure:

o Fl ight  t rack  locat ions

o A l t i t u d e  p r o f i l e  f o r  e a c h  a i r c r a f t  o p e r a t i o n

o Thrust schedule along each profi le

o Average “busy day” number of each aircraft  operation,
by daytime (0700-2200 hrs.)  and nighttime (2200-0700,
hrs . )  per iods on each f l ight  t rack .
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3 - 2 . 2 EVALUATION PROCEDURES

3 - 2 . 2 . 1 COMPUTER-GENERATED NOISE CONTOURS

T h e  c a l c u l a t i o n  o f  Ld n values for even a few ground locations can be
a tedious and time-consuming operation, considering the myriad of
a i rcra f t  and types of  operat ions that  can occur  a t  an  insta l la t ion .
The planner should, therefore, uti l ize available computer programs
to perform the noise exposure computations. Appendix A contains
di rect ions for  obta in ing contours .

N o i s e  l e v e l  d a t a  f o r  b o t h  m i l i t a r y  a n d  c i v i l  a i r c r a f t  ( S E L  v s .  d i s t a n c e
curves) are contained in the f i les of the computer program. I n s t a l l a -
t ion  speci f ic  in format ion needed for  the  generat ion of  contours  inc ludes
s u c h  i t e m s  a s :

o A l t i t u d e  p r o f i l e s

o Thrust /power  schedules

o Flight track locations

o Number  operat ions on each f l ight  t rack

o S c h e d u l e  o f  r e s t r i c t i o n s  a n d  l i m i t a t i o n s

o R u n w a y  u t i l i z a t i o n  s c h e d u l e

o Depar ture  procedures

o S p e c i a l  m i s s i o n  d e s c r i p t i o n s

o Touch and go/FMLP*descrlption

3 - 2 . 2 . 2 MANUAL EVALUATION

Occasions may arise when it  wil l  be convenient to have Ldn h a n d  c a l c u -
l a t i o n  c a p a b i l i t i e s , thus permi t t ing  quick  eva luat ion of  the  e f fects
of operational changes on the noise environment. This is accomplished
in the following manner:

( 1 )  R e f e r  t o  a p p r o p r i a t e  a l t i t u d e  p r o f i l e  a n d  S E L  v s .
d is tance curve . (These profi les may also be specif ied

in  tabular  form. See Appendix  B. )  (Typica l  curves
a r e  i l l u s t r a t e d  i n  F i g u r e s  3 - 2 . 2 . 2 a  a n d  b . )

(2) Determine the ground level SEL in manner shown in
Example 3-2.2.2.

* FMLP is abbreviation for Fleet Mirror Landing Pattern, a Naval aircraft
procedure  used in  pract ice  landings s imulat ing a i rcraf t  carr ier  operat ions.



FIGURE 3-2.2.2a ALTITUDE PROFILE FOR F-100 JET
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EXAMPLE 3-2.2.2 DETERMINING SEL AT A GROUND LOCATION

Determine the SEL at a location 750 feet lateral from a point 20,000 feet down
the flight track of an F-100 jet at military power.

Altitude Profile SEL Curve

Distance Along Track 20,000’ Log (Slant Distance) 1250’

1. DETERMINE AIRCRAFT ALTITUDE
(FROM FIGURE 3-2.2.2a)

3. DETERMINE SEL
(FROM FIGURE 3-2.2.2b)

2. DETERMINE SLANT DISTANCE
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T h e  Ldn  at a prescribed point may be determined following the steps
below.’

( 1 )  U s e  e q u a t i o n  3 - 1  o r  F i g u r e  3 - 1 . 1 . 2 a  t o  s o l v e  f o r  t h e
Ldn Of  One set  o f  s imi lar  operat ions.

( 2 )  U s e  e n e r g y  a d d i t i o n  ( F i g u r e  3 - 1 . 1 . 2 c )  t o  c a l c u l a t e
Ldn f o r  a l l  s e t s  o f  a i r c r a f t  o p e r a t i o n s . (Refer  to

Example  3-1 .1 .2 . )

N O T E :
This  is  a  s impl i f ied  evaluat ion omit t ing severa l  compl icat ing factors
built  into the computer program. For example, this procedure does
not properly assess noise exposure result ing from operations during
ground ro l l , turn  operat ions,  or  f rom f l ight  operat ions for  which the
angle of observation above the horizon is less than 7 degrees; nor
does i t  account  for  a i rspeeds or  power  set t ings  d i f ferent  f rom the
measured data.

The manual procedure is most useful in comparing different sets of
operations. I t  should  not  be  used to  determine the  absolute  Ldn for
a  s ingle  set  o f  operat ional  condi t ions.
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3-3 AIRCRAFT NOISE, ROTARY-WING

3-3 .1 BACKGROUND INFORMATION

3 - 3 . 1 . 1 AIRCRAFT NOISE SOURCES

The rotor system, in  addi t ion to  the  engine, is  a  pr inc ipa l  noise  source.
Speci f ica l ly  the  major  noise  sources are  as  fo l lows:

Rotor blade slap

T a i l  r o t o r  r o t a t i o n a l  n o i s e

Main rotor broad band and rotational noise

Turbine engine noise

Transmission noise

The dominant noise produced by helicopters consists of a broadband spec-
trum generated by vortex formation and shedding in the f low past the
hel icopter  b lade. in  addi t ion  to  the  d iscrete  f requency noises  a t  har -
monics of the blade passage frequency, superimposed on the broadband
spectrum for helicopters is a rotational noise known as blade slap.
This is high amplitude periodic noise plus highly modulated vortex
noise caused by f luctuating forces on the blade due to the cutting of
one blade’s t ip vortices by another blade and transonic shock. Blade
s l a p  i s  a  d i s t i n c t i v e , low frequency throbbing sound which increases
dur ing cer ta in  descent , maneuvering and high-speed cruise operations.

(Refer to Appendix A for sources of information on blade slap correc-
t i o n s . )

A representat ive  he l icopter  f requency spectrum is  shown in  F igure  3 -3 .1 .1 .
The spectrum in  th is  f igure  was obta ined us ing a  ser ies  of  f i l te rs  6  Hz
in  width  so  that  the  narrowband f ine  s t ructure  of  the  s ignal  (due  to  the
many harmonic tones) would be apparent. Note  that  these occur  pr imar i ly
in the low frequency portion of the spectrum.

3 - 3 . 1 . 2 . OPERATIONAL CONSIDERATIONS

The evaluations of rotary-wing noise exposure requires the same opera-
t i o n a l  i n f o r m a t i o n  a s  r e q u i r e d  f o r  f i x e d - w i n g  a i r c r a f t . See Sect ion 3-2 .1 .2 .

o F l i g h t  t r a c k  l o c a t i o n s

o A l t i t u d e  p r o f i l e  f o r  e a c h  h e l i c o p t e r  o p e r a t i o n

o P h a s e  o f  f l i g h t  ( t a k e o f f ,  c r u i s e ,  l a n d i n g )

o Average “busy day” number  of  each a i rcraf t  operat ion,  by
daytime (2200-0700 hrs and nighttime 2200-0700 hrs) periods
o n  e a c h  f l i g h t  t r a c k . ”
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SOUND PRESSURE LEVEL FOR
6 Hz CONSTANT BANDWIDTH FILTER (dB)
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3 - 3 . 2 EVALUATION PROCEDURES

Assessment of the cumulative noise exposure from rotary-wing aircraft
o p e r a t i o n s  p a r a l l e l s  t h a t  o f  f i x e d - w i n g  a i r c r a f t  o p e r a t i o n s .

The fixed-wing aircraft computer program discussed previously may
also be applied to rotary wing operations. Refer  to  Sect ion 3 -2 .2 .1
for discussion of input requirements and to Appendix A for enumeration
of the agencie s responsible for noise contours.

A s impl i f ied  evaluat ion of  rotary-wing a i rcraf t  noise  exposure ,  l ike
fixed-wing exposure, may be undertaken manually using the procedures
i l lust rated in  F igures 3-1 .1 .2a  and b  and Example  3 -1 .1 .2 . Append ix
B provides references to detailed noise and performance data for
r o t a r y - w i n g  a i r c r a f t . The previous warning note (Section 3-2.2.2,
page 3-19) concerning the use of the manual procedures also applies
here.

For planning purposes and a meaningful prediction of noise, due to
the  great  maneuverabi l i ty  o f  he l icopters , i t  is  necessary  to  constra in
s igni f icant  numbers  of  operat ions in to  zones and/or  corr idors .  in
this fashion, impacted and nonimpacted land can be set aside.
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3-4 GROUND OPERATIONS, FIXED AND ROTARY WING

3-4 .1 BACKGROUND INFORMATION

3-4.1.1 AIRCRAFT NOISE SOURCES

The noise  of  a i rcraf t  f l ight  and ground operat ions d i f fer  in  leve l
and temporal characteristics. For the same aircraft  to observer
d is tance, the maximum (peak) noise levels produced during a ground
operat ion wi l l  typ ica l ly  be  lower  than dur ing a  f l ight  operat ion
because of ground absorption. The presence of intervening buildings
and other  barr iers  may fur ther  a t tenuate  the  noise  leve l .

However, a runup operation may produce a much higher integrated noise
l e v e l . This is because a runup is a continuous operation which may
last for several minutes as opposed to a f lyover noise signal which
is  in termi t tent  in  nature  and usual ly  lasts  for  severa l  seconds.

Case studies of community response to aircraft noise have generally
shown that ground runup noise response is judged less acceptable than
the noise exposure of f lyovers of the same average level of acoustic
energy. This may be based in part on the feeling that runup o p e r a -
tions are more controllable than flyovers, and thus the noise impact
of  runups could  be  more  readi ly  contro l led  as  wel l .

For  runup operat ions, consideration must also be given to the direc-
t ional  character is t ics  of  the  noise  source . Figure 3-4.1.1 shows the
noise  leve ls  of  an  F-100  a i rcra f t  a t  power  set t ings of  mi l i tary
power and afterburner, i l l u s t r a t i n g  t h e  h i g h l y  d i r e c t i o n a l  n a t u r e  o f
sound propogation from aircraft engine ground runups. Due to this
f a c t o r , the  or ientat ion  of  a i rcra f t  runup p a d s  a n d  e n g i n e  t e s t
stands has a major impact upon the noise exposure nearby.

3-4.1.2 OPERATIONAL CONSIDERATIONS

The cumulative noise exposure from ground operations is based upon
peak noise levels and average “busy day” durations of daytime and
nighttime operations. Thus, Ldn contours  for  runup o p e r a t i o n s  a r e
a  funct ion of  the  locat ion and or ientat ion of  the  runup p a d s ,  t h e
time of day and duration of use.

3 - 4 . 2 EVALUATION PROCEDURES

3-4.2.1 COMPUTER-GENERATED NOISE CONTOURS

The computer program discussed in Sections 3-2 and 3-3 for f l ight
operat ions a lso  incorporates  runup operat ions. The data required for
contour generation includes the following:
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TYPICAL DIRECTIVITY PATTERN
FIGURE 3-4.1.1 OF F-100D RUNUP

I
0 °

Afterburner Power
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(1 )  Runup  p a d  l o c a t i o n  a n d  o r i e n t a t i o n

( 2 )  Runup  p a d  u t i l i z a t i o n

(3)  A i rcraf t /engine  types and test  schedule

(4) Type and use of suppression devices

As wi th  f l ight  operat ions,  the  program produces Ld n  contours  a t  5  dB
interva ls . ’ These contours are usually combined with the f l ight
contours when contours are generated for mil itary installation opera-
t ions; however,  they may be produced separately i f  desired. (Refer
to Appendix A.)

3 - 4 . 2 . 2 MANUAL EVALUATION

T h e  Ld n  at  a  s i te  of  in terest  is  determined in  the  manner  out l ined for
continuous sources in Section 3-1.1.2,  using Figures 3-1.1.2b and c.
Reference to AL versus radiation angle and propagation distance data
is provided in Appendix B for both f ixed and rotary wing aircraft.
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3 - 5 IMPULSE NOISE

3 - 5 . 1 BLAST NOISE

3 - 5 . 1 . 1 BACKGROUND INFORMATION

Aircraf t  noise  tends to  r ise  and fa l l  s lowly  wi th  t ime ( in  a  mat ter  of
several seconds). In  contrast , “b last  noise”  is  impuls ive  in  nature
and generally less than a second in duration. Frequently encountered
blast sounds are:

o A r t i l l e r y  f i r e

o Shell bursts (at or above, ground level)

o Surface blasting

o Crater ing b lasts

Al though the  durat ion of  indiv idual  b lasts  is  short  (approximate ly  0 .5
second),  the rapid onset of such sounds is a source of discomfort for
many persons. In  addi t ion,  the  v ibrat ion of  bui ld ings and other
structures induced by the noise impulse is a source of increased annoy-
ance. This  v ibrat ion  and the  rap id  onset  produce “star t le”  e f fects
and may cause ratt l ing of dishes and other loose objects within the
b u i l d i n g . For this reason both the noise and vibration impact of blast
noises must be assessed.

Important  factors  regarding people ’s  subject ive  eva luat ion of  b last
noise exposure are:

o Peak overpressure of individual blasts

o Number of occurrences per day

o Time of day the blasts occur

3-5.1.1.1 BLAST NOISE SOURCES

The noise produced by blasts results from the generation of shock
waves, with peak overpressure ( i .e. ,  the pressure increase above
ambient )  o f ten  greater  than 1  ps i . F i g u r e  3 - 5 . 1 . 1 . 1 a  d e p i c t s  a  t y p i -
ca l  b last  impulse , which consists of an abrupt compression (charact-
erized by an extremely short “rise t ime”) fol lowed by a gradual
pressure reduction to below ambient pressure, and then finally a
recovery to ambient. The overpressure (and therefore the noise level)
is a function of the source strength (charge weight),  meteorological
condi t ions, and distance to observer.
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FIGURE  3-5.1.1.1a TYPICAL BLAST IMPULSES

1. “PURE” BLAST

2. BLAST INCLUDING GROUND
REFLECTION

REF. 5-20
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Noise radiates in an omnidirectional pattern from most blast sources.
Thus,  the i r  locat ion  (and not  the i r  or ientat ion)  wi th  respect  to  an
observer is important; h o w e v e r  a r t i l l e r y  f i r e  i s  d i r e c t i o n a l  i n  n a t u r e
and both  the  locat ion and the  d i rect ion of  f i r ing  are  important .

These sources usually produce extremely high sound pressure levels
of predominantly low frequency content which can propagate long dis-
tances (F igure  3 -5 .1 .1 .1b  presents  typ ica l  spectra ) . S i t e  s e l e c t i o n
should  therefore  inc lude eva luat ion of  b last  noise  sources up to  d is -
tances of three miles or more. Where large numbers are involved,

Division, distances of concern may extend to sevenas with an Armor
or  ten mi les .

3-5.1.1.2 OPERAT IONAL CONSIDERATIONS

A s  w i t h  a i r c r a f t noise exposure, the two major factors used to deter-
mine blast noise exposure are sound exposure level and number of events
during daytime and nighttime periods. However, determination of blast
noise level is complicated by many operational factors. I n  p a r t i c u l a r ,
the height of the blast above or below ground is important. For  b lasts
below the  sur face ,  the  t ransmiss iv i ty  through the  so i l  a f fects  the  noise
l e v e l . Propagation above ground is influenced by wind and temperature
gradients which can create focusing effects. Fur thermore ,  for  b lasts
occurring near the ground, reflections can increase pressure by 50
percent or about 3 dB.

3 - 5 . 1 . 2 EVALUATION PROCEDURES

Computer-generated contours may be obtained for blast noise exposure
(see Appendix A for references).. Contours to be used in the evalua-
t i o n  o f  i m p a c t  n o i s e  a r e  C - w e i g h t e d  Ld n  ( LC d n) .  ( A  h a n d  c a l c u l a t i o n
method is being developed and wil l  be added to this manual when it
becomes available.)

Requisite program information required for daytime and nighttime periods
is  as  fo l lows:

( 1 )  A r t i l l e r y

o Type of weapon

o Location and muzzle direction of weapon

o Average number of rounds fired during the day/night

( 2 )  S h e l l  B u r s t s

o  T y p e  o f  s h e l l
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FIGURE 3-5.1.1.1b TYPICAL SPECTRA FOR 10 TO 100 LB TNT BLAST
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o Locat ion of  bursts

o Average number of bursts during the day/night

( 3 )  S u r f a c e / A b o v e - s u r f a c e  B l a s t s

o Type of  b last ing  dev ice

o  L o c a t i o n  o f  b l a s t

o Height above ground level

o Average number of blasts during the day/night

( 4 )  C r a t e r i n g  b l a s t s

o Type of  b last ing  dev ice

o  L o c a t i o n  o f  b l a s t

o Depth of charge below surface

o Average number of blasts during the day/night

3 - 5 . 2 SONIC BOOMS

3 - 5 . 2 . 1 BACKGROUND INFORMATION

A sonic boom is a conical shaped impulse (pressure wave) generated as an air-
craft  travels at speeds which exceed the speed of sound. T h e  a i r -
cra f t  Is  a t  the  apex of  the  cone and the  f l ight  path  is  the  ax is .
Contrary to the prevalent misconception booms do not occur just once
as an aircraft  breaks the sound barrier but instead are generated
continuously the entire t ime the speed of sound is exceeded. The area
affected by a boom can be calculated by multiplying the length of
a supersonic f l ight by the width of the boom path, which may vary
from twenty to eighty miles depending on aircraft alt i tude and a
number of other operational factors. As with other large amplitude
impulsive noises, annoyance results from both the noise impact and
the noise- induced v ibrat ions of  bui ld ings and st ructures .

3-5.2.1.1 SONIC BOOM SOURCES

Supersonic  f l ights  are  e i ther  shor t  bursts  or  susta ined operat ions.
T h e  l a t t e r  a c c o u n t  f o r  f i v e  p e r c e n t  o f  t h e  f l i g h t s  b u t  f i f t y  p e r c e n t
of  the  d is tance t rave led . I t  is  est imated that  the  average susta ined
mission affects 175,000 square miles. The f l ights are ground dependent,
that  is  they  must  f ly  over  speci f ic  ground insta l la t ions. The former
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var ie ty  of  operat ions, which includes brief supersonic sprints and
training maneuvers, is ground independent and therefore can be execut-
ed avoiding populated areas.

3-5.2.1.2 OPERATIONAL CONSIDERATIONS

The’ three factors that effect the severity and extent of sonic booms
are  a i rcraf t  des ign,  a i rcraf t  operat ion,  and atmospher ic  condi t ions.
i n  t h e  f i r s t  c a t e g o r y  a i r c r a f t  s i z e ,  w e i g h t ,  v o l u m e  d i s t r i b u t i o n ,  a n d
l i f t  d i s t r i b u t i o n - a r e  c r i t i c a l  f a c t o r s .  O f  s i m i l a r  i m p o r t a n c e  a r e
a l t i tude,  Mach number ,  f l ight  path ,  accelerat ion af fects ,  and maneu-
v e r i n g  e f f e c t s . Important atmospheric effects include temperature,
turbulence patterns, atmospheric pressure and wind gradient. The
variabil i ty of sound transmission in air has been demonstrated in
field tests where sequential  measurements taken every 200 feet along
f l i g h t  t r a c k s  h a v e  i l l u s t r a t e d  1 2  dB d i f f e r e n t i a l s  w i t h i n  6 0 0  f e e t .

3 - 5 . 2 . 2 EVALUATION PROCEDURE

Because of the geographically widespread effects of sonic booms and
the variations in impact due to operational and atmospheric factors,
i t  is  not  pract ica l  for  s i te  se lect ion purposes to  eva luate  the
ef fects  of  booms because i t  a f fects  a l l  potent ia l  s i tes  in  a
comparable manner.



3 - 6 MOTOR VEHICLES

3-6 .1 BACKGROUND INFORMATION

Motor vehicles are grouped into street and combat categories. Because
of  d i f ferent  source  character is t ics , they  are  fur ther  subdiv ided in to
a u t o m o b i l e  and t r u c k classes of street vehicles and t r a n s p o r t and
w e a p o n s classes of  combat vehicles.  The noise exposure at a given 
distance from a roadway will depend upon traffic flow and roadway
c h a r a c t e r i s t i c s . T r a f f i c  w i l l  c o n s i s t  o f  a  m i x t u r e  o f  v e h i c l e s ,
randomly  located re la t ive  to  one another ,  t rave l l ing  a t  a  var ie ty  of
speeds. The noise exposure of a roadway can be determined from the
v o l u m e f l o w (in vehicles per hour) and the a v e r a g e s p e e d (in miles
per hour) for each class of vehicle on the roadway.

Analysis of roadway characteristics to yield an accurate measure of
noise exposure should take into consideration a wide variety of
parameters including roadway gradient, type of pavement, roadway
cross-sect ion conf igurat ion,  roadway curves,  ver t ica l  a l ignment ,
and roadside structures or land forms.

3 - 6 . 1 . 1 NO I SE SOURCES

3-6.1.1.1 STREET VEHICLES

The maximum noise emitted by an automobile increases approximately
with the third power of vehicle speed. T h i s  i s  d u e  p r i m a r i l y  t o  t i r e
noise  created  by  the  t i re - roadway in teract ion . ( F i g u r e  3 - 6 . 1 . 1 . 1 a
i l lust ra tes  automobi le  noise  spectra  a t  d i f ferent  speeds. )

The noise output of trucks is a more complicated phenomenon. First,
trucks should be considered in three distinct classes according to
the i r  noise  emiss ion character is t ics: light, medium, and heavy
trucks. Light trucks are two axle,  four wheel vehicles such as panel
and pick-up trucks; the i r  noise  character is t ics  are  s imi lar  to  those
of automobiles. Medium trucks are typically gasoline-powered two
axle ,  s ix  wheel  vehic les , such as  c i ty  t rucks  wi thout  a  ver t ica l
exhaust muffler. The noise generation characteristics of these
vehic les  are  a lso s imi lar  to  those of  automobi les . However,  medium
trucks are usually 10 dB noisier than automobiles for the same flow
and speed.

Heavy trucks are a more complex noise source. These diesel powered,
three or more axle vehicles have a multitude of noise mechanisms,
i . e . , t i re  noise ,  exhaust  noise , intake noise, engine noise, and
gear noise. Shown in  F igure  3 -6 .1 .1 .1b is  a  typ ica l  t ruck noise
spectrum for the three major component sources: t i res ,  engine and
exhaust.
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FIGURE 3-6.1.1.1a
TYPICAL AUTOMOBILE SPECTRA

FOR TWO AVERAGE SPEEDS
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FIGURE 3-6.1.1.1b
TYPICAL SPECTRA FOR DIESEL TRUCK

AND COMPONENT SOURCES
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Ti re - roadway in teract ion , the major noise source for automobiles and
light and medium trucks, occurs at ground level.  For heavy trucks an
additional noise source, the exhaust stack opening, is nominally
located eight feet above the ground. Heavy truck noise does not
e x h i b i t  g r e a t  v a r i a b i l i t y . Whi le  t i re  noise  var ies  wi th  speed,  the
engine noise sources generally show little dependence upon road speed.
Fur thermore ,  dr ivers  tend to  mainta in  re la t ive ly  constant  engine
speed for al l  road speeds.

3-6.1.1.2 COMBAT VEHICLES

Transport and weapons vehicles operate at speeds well below that of
s t r e e t  t r a f f i c . The main use of transport vehicles is to move troops;
the vehicles are either wheeled or a combination of wheeled and
tracked. Weapons vehicles which serve as mobile weapons are usually
tracked.

Measurements have shown that transport and weapons vehicles are up to
10 dB noisier than heavy trucks. The major noise sources of these
vehic les  are  the  engine ,  dr ive  gears  and t rack . Track  noise  is
dominant on those vehicles so equipped.

3 - 6 . 1 . 2 OPERATIONAL CONSIDERATIONS

As previously discussed, roadway noise exposure is a function of the
traff ic f low parameters of the classes of vehicles using the roadway.
automobi les  ( inc luding l ight  t rucks) , medium trucks, heavy trucks,
transport vehicles and/or weapons vehicles. Where vehicles are
uni formly  d is t r ibuted a long a  s ingle  lane roadway that  is  s t ra ight ,
i n f i n i t e l y  l o n g , at  grade on f la t  leve l  ter ra in ,  the  noise  exposure
is a function of the volume flow and average speed of each group of
vehic les . These condi t ions wi l l  rare ly  ex is t ,  especia l ly  for  weapons
vehicles which are not usually operated on conventional asphalt or
concrete  road,  but  ra ther  on d i r t  roads. .

In  pract ice  roadway factors  wi l l  a f fect  no ise  leve ls .  Noise  exposure
is increased by uphil l  grades (for heavy trucks and transport vehicles)
and by very rough and/or broken pavement surfaces (for wheeled
v e h i c l e s ) . The noise exposure is decreased by buildings, land forms
or other barriers located between the roadway and the observer.

The drop-of f  o f  no ise  leve ls  wi th  d is tance f rom a  roadway wi l l  typ i -
cally range from 4 to 5 dB per  doubl ing of  d is tance. This  drop-of f

r a t e  i s  a f f e c t e d  s u b s t a n t i a l l y  b y  g r o u n d  c o v e r . Beyond two to three
thousand feet,  the drop-off  can increase to about 6 dB per  doubl ing
of  d is tance,  due to  the  addi t ional  e f fect  o f  a tmospher ic  a t tenuat ion.
However, the  noise  leve ls  f rom roadway t ra f f ic  wi l l  rare ly  be  h igh
enough to be of concern at these larger distances.
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3 - 6 . 2 EVALUATION PROCEDURES

The use  of  a  computer  great ly  fac i l i ta tes  the  incorporat ion  of  t ra f f ic
and roadway variables’ into the derivation of contours. For the purpose
of evaluating prospective sites, the simplif ied manual approach pre-
sented below is adequate.

T h i s  s e c t i o n  i s  o r g a n i z e d  i n t o  f i v e  s u b s e c t i o n s .  T h e  f i r s t  f o u r
r e l a t e  t o  d e t e r m i n i n g  t h e  Ldn o f  a  s p e c i f i e d  l o c a t i o n .  T h e y  a r e  a s
fo l lows:

( 1 )  D e t e r m i n i n g  Le q for  a  s impl i f ied  roadway (3 -6 .2 .1 )

(2) Le q
adjustments  for  roadway var iab les  (3 -6 .2 .2 )

( 3 )  S o l v i n g  f o r  Ld n  ( 3 - 6 . 2 . 3 )

(4)  Process review (3 -6 .2 .4 )

Presented in  the  f i f th  subsect ion (3 -6 .2 .5 )  is  a  s impl i f ied  procedure
for determining contours.

3-6.2.1 DETERMINING  Leq FOR A SIMPLIFIED ROADWAY

The peak hour equivalent level (L )  a t  a  l o c a t i o n  o f  i n t e r e s t  n e a r  a
roadway that is f lat  and i n f i n i t e l y  l o n g , wi th  no acoust ic  sh ie ld ing,
can be determined using the nomographs in Figure 3-6.2.1a (street
vehic les)  and F igure  3 -6 .2 .1b  (combat  vehic les) . (The peak hour is
used because volume flow information is usually readily available
f o r  t h i s  p e r i o d ,  p a r t i c u l a r l y  f o r  c i v i l  s t r e e t  v e h i c l e s .  T h e  p e a k
h o u r  Le q i s  u l t i m a t e l y  c o n v e r t e d  t o  Ld n. )

The following is the information required for use of the nomographs:

(1) The peak hour number of vehicles for each vehicle
c lass .

(2 )  Average speed of  each c lass  of  vehic le .

( 3 )  D i s t a n c e  f r o m  t h e  s i t e  t o  t h e  c e n t e r l i n e  o f  t h e  r o a d -
way.

Use of the Nomograph, Basic Information

o Nomographs are used separately for each vehicle
c lass .
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o  F i g u r e  3 - 6 . 2 . 1 a

-  L ight  t rucks are  equiva lent  to  automobi les

- The top row of speed crosses are used for heavy
trucks

- The bottom row of speed crosses are used for
automobiles and medium trucks

-  The t ra f f ic  vo lume of  medium t rucks is  mul t ip l ied
by ten before nomograph analysis is made

-  Nominal  no ise  source  he ights;  heavy t rucks 8  feet
and automobiles ground level (0 feet)

o  F i g u r e  3 - 6 . 2 .  l b

- The left  hand column of speed crosses are used
for  t ransport  vehic les

- The right hand column of speed crosses are used
for weapon vehicles

Use of the Nomograph, Procedural Steps

Refer  to  Example  3 -6 .2 .1

(1 )  Draw a  l ine  f rom the  p ivot  po int  through the  correct
average speed scale to l ine A.

(2 )  From the in tersect ion point  on l ine  A draw a  l ine  to
the peak hour vehicle volume scale, V, located on the
far r ight of the nomograph. (Use 10 times the volume
for medium trucks.)

( 3 )  F r o m  t h e  i n t e r s e c t i o n  o f  t h i s  l i n e  w i t h  l i n e  B  d r a w
a  l i n e  t o  t h e  d i s t a n c e  t o  o b s e r v e r  s c a l e ,  DO ,  a t  the
appropriate distance.

( 4 )  A t  t h e  i n t e r s e c t i o n  o f  t h i s  l i n e  w i t h  t h e  Le q  s c a l e ,
r e a d  t h e  Le q  v a l u e .
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3 - 6 . 2 . 2 Leq ADJUSTMENTS FOR ROADWAY VARIABLES

Gradient Adjustment

Several adjustments to the Le q

f
values determined from the nomographs

may be necessary to account or  rea l is t ic  roadway s i tuat ions. The
f i rs t  is  the  gradient  ad justment . L is ted in  F igure  3 -6 .2 .2a  are  the
appropriate adjustments as a function of vehicle speed and percent
grade. Note that these adjustments apply only to heavy trucks and
transport vehicles and are  added d i rect ly  to  the  equiva lent  leve l
f o r  t h e  p a r t i c u l a r  c l a s s  o f  v e h i c l e s .

Shielding Adjustment

A second adjustment  is  for  sh ie ld ing ef fects .  There  may be  a  var ie ty
of obstacles between the roadway and the observer,  including buildings,
landforms,  wal ls ,  and por t ions of  the  roadway i tse l f  ( in  the  case of
elevated or depressed roadways). Sect ion 5 -2 .1 .4  in  Chapter  5  pro-
v ides guide l ines  and techniques for  eva luat ing the  shie ld ing ef fects
of these obstacles.

Roadway Surface Adjustment

A th i rd  adjustment  is  appropr ia te  for  wheeled vehic les  (a l l  s t reet
vehicles and transport vehicles) when the roadway surface is unusually
rough. When pavement is broken, or when there are large voids or
grooves in the surface, 5 dB should be added to the equivalent level
for  each appl icable  vehic le  c lass .

Roadway Segment Adjustment

Al though many roadways are  not  in f in i te ly  long and st ra ight ,  i t  is
usual ly  preferable  (and suf f ic ient ly  accurate for  screening pur -
poses) to perform the noise evaluation as if  they were. However,
where roadway conditions vary near a site being evaluated, i t  may
be desirable to evaluate the roadway in sections. For example,
consider  a  roadway wi th  a  3% grade over  ha l f  i ts  length:  d iv id ing
the roadway into a level section and a section of constant 3% grade
would improve the accuracy of the noise estimation.

T h e  Leq for  a  sect ion of  roadway is  obta ined by  f i rs t  determin ing
the Leq

appropriate 
f o r  t h e  r o a d w a y  a s  i f  i t  w e r e  i n f i n i t e  ( i . e . ,  b y  u s i n g  t h e

 nomograph) and then applying an adjustment to account
for  the  f in i te  length  of  the  sect ion.  The proper  ad justment  as  a
function of the angle of observation is shown in Figure 3-6.2.2b.
Note that the observer need not be in the center of the segment for
this adjustment to be applicable. (For angles greater than 160°,
the adjustment is 0 dB.)
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ROADWAY GRADE ADJUSTMENT FOR HEAVY
FIGURE 3-6.2.2a TRUCKS AND TRANSPORT VEHICLES

6 I 5

5 8 7 6
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ADJUSTMENT (dB)
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3-6 .2 .3  SOLVING FOR Ldn

Once the equivalent levels for a class of vehicles has been determined
for  a l l  roadway sect ions, they may be energy added using Figure
3 - 1 . 1 . 2 c . T h e  i n d i v i d u a l  Le q values for each vehicle class can then
be added together  again  us ing F igure  3 -1 .1 .2c  to  y ie ld  the  tota l  Leq
for the roadway.

L dn can then be determined by using the following equation:

(3 -3 )

where :

a function of the percentage of nighttime
t r a f f i c  ( R e f e r  t o  F i g u r e  3 - 6 . 2 . 3 )

3 - 6 . 2 . 4 PROCESS REVIEW

The calculation of motor vehicle Ldn can be  summar ized as  fo l lows:

(1) Determine the average speed and peak hour number of
vehic les  for  each vehic le  c lass .

(2) Use the appropriate Leq nomograph (F igure  3 -6 .2 .1a
or  3 -6 .2 .1b)  for  each vehic le  c lass  to  determine the
L e q for  an  in f in i te  roadway.

( 3 )  I f  a p p r o p r i a t e , divide the roadway into f inite segments.

( 4 )   A d j u s t2t h e  Leq values for  f in i te  segments  us ing F igure
3-6.2.2b.

(5 )  Apply  adjustments  f rom Figure  3 -6 .2 .2a  to  heavy t rucks
and transport vehicle noise for those segments with
gradients .

(6 )  Apply  adjustments  f rom Sect ion 5-2 .1 .4  for  those seg-
ments shielded from the observer.

(7) Apply a 5 dB ad justment  to  wheeled vehic les  for  those
segments with very rough pavements.

(8) in each segment arithmetically sum the Leq va lues  and
adjustments for each vehicle class.
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FIGURE 3-6.2.3

ADJUSTMENT TO CONVERT Leq TO
Ldn FOR ROADWAY TRAFFIC NOISE
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(9 )  Sum the  adjusted Le q  v a l u e s  f o r  e a c h  v e h i c l e  c l a s s  t o
obtain an Leq value for each segment (use Figure
3 - 1 . 1 . 2 c )

( 1 0 )  S u m  t h e  s e g m e n t  Leq va lues to  obta in  Leq for  the  ent i re
roadway (use Figure 3-1.1.2c).

( 1 1 )  A d j u s t  t h e  Leq t o  y i e l d  Ld n,  u s i n g  F i g u r e  3 - 6 . 2 . 3 .

T o  f a c i l i t a t e  a n a l y s i s , this ten step process is presented in matrices
depicted in  F igure  3 -6 .2 .4a  and b  and i l lust rated in  Example  3 -6 .2 .4 .

3 - 6 . 2 . 5 DETERMINATION OF CONTOURS OF EQUIVALENT NOISE EXPOSURE

The procedure outl ined in 3-6.2.4 can be used to develop approximate
Ldn contours , w i t h  t h e  f o l l o w i n g  s p e c i f i c  r e s t r i c t i o n s : the roadway
must be considered as a single segment, must be considered infinite-
ly  long and shie ld ing ef fects  must  be  ignored.  Wi th in  these constra ints ,
approximate  Ldn contours may be derived as follows:

1.

2 .

3.

Determine Ld n value for a 100 foot distance between observer
and roadway centerline.

Use F igure  3 -6 .2 .5  to  ca lcu la te  the  d is tance f rom center l ine
to the desired Ld n

fee t  as  a
contour  va lue  us ing the  Ldn value at 100

reference point . (Example shown in Figure 3-6.2.5.)

Draw contour l ines at the appropriate distances from the
c e n t e r l i n e , para l le l  to  the  sect ions of  the  roadway under
study.
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FIGURE 3-6.2.4b COMBAT VEHICLE ANALYSIS MATRIX

Equivalent Levels (Leq) for Segment No.__

Average speed (mph)

Peak hour traffic (vph)

Transport
Vehicles

Weapons
Vehicles Source

Field data

Field data

1. Leq (dB) Figure 3-6.2.1 b

2. Figure 3-6.2.2b

3. Grade =__ gradient adj. Figure 3-6.2.2a

4. Barrier adjustment Section 5-2.1.4

5. Rough roadway adj. Section 3-6.2.2

6. Adjusted Leq Total of rows
1 through 5

Segment Leq Energy addition of
row 6 (Fig. 3-1.1.2c)

FIGURE 3-6.2.4c
ANALYSIS OF ROADWAY
DAY/NIGHT LEVEL (Ldn)

1. % of nighttime traffic __%

2. Nighttime adjustment

3. R o a d w a y  s e g m e n t  Le q’s  ___ ___ ___ ___ ___ 

4. Total Roadway Leq ___ (total of all roadway segment Leq’S)

5. Roadway Ldn at point of analysis ___ (add nos. 2 and 4)
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EXAMPLE 3-6.2.4 CALCULATION OF ROADWAY Ldn VALUE

PROBLEM:

Determine the Ldn value at location X (100 feet from roadway) given the following
information :

a. Traffic flow situation in Figure 3-6.2.1

b. One half of roadway flat, one half at 2% grade

C. Median point in change of grade (0 to 2%) occurs directly opposite of site,

i.e., line drawn through median point in change of grade and middle of

site is perpendicular to centerline of road.

d. 15% of traffic flow at night.

SOLUTION:

FIGURE 3-6.2.4a STREET VEHICLE ANALYSIS MATRIX

Equivalent Levels (Ldn) for Segment  No.__/__

ANALYSIS OF ROADWAY
FIGURE 3-6.2.4c DAY/NlGHT LEVEL Ldn
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REDUCTION IN ROADWAY NOISE
FIGURE 3-6.2.5 LEVEL WITH DISTANCE



3-7 RAILROAD NOISE

3-7 .1 BACKGROUND INFORMATION

There  are  two d is t inct  types of  ra i l road noise:  noise  f rom l ine
operat ions, which involves a train moving from one point to another,
and noise from yard and siding operations, which also includes car
loading and unloading, switching, storage, and maintenance.

3 - 7 . 1 . 1 NOISE SOURCES

3-7.1.1.1 LINE OPERATIONS

Railroad line noise has an engine and car component.

Engine noise  inc ludes exhaust ,  cas ing,  in take  and fan noise .  Both
engine casing and fan noise levels are typically lower than exhaust
l e v e l s ,  a n d  i n t a k e  n o i s e ,  w h i c h  i s  m u f f l e d  b y  t h e  a i r  f i l t e r ,
usual ly  cannot  be  indiv idual ly  ident i f ied . The exhaust noise in-
creases with increased horsepower, and non-turbocharged engines
are about 6 dB quieter than turbocharged engines. Casing noise is
also dependent upon the horsepower rating. A n  a d d i t i o n a l  s i g n i -
f i c a n t ,  b u t  p e r i o d i c , noise  source  is  the  t ra in  horn.

Car  noise  is  created by  the  in teract ion  of  s tee l  wheels  and ra i ls
and increases markedly with train speed. In addition to normal
interact ion noise ,  there  is  wheel  squeal ,  a  h igh p i tched pure  tone,
which occurs when a train traverses a t ight curve. There  is  a lso
impact noise, which is produced when wheels pass over a joint,  frog,
o r  s i g n a l  j u n c t i o n .

3-7.1.1.2 YARD AND SIDING OPERATIONS

Retarders  are  the  pr inc ipa l  noise  source  in  a  typ ica l  ra i l road yard .
Retarders are mechanical devices used to control the velocity of
indiv idual  cars  as  a  t ra in  is  be ing assembled.  A retard ing beam is
clamped against the wheels of a car to slow it  down and the resultant
noise normally peaks at a frequency of 2000 to 4000 Hz. Noise  leve ls
are dependent on retarder location and frequency of use.

Another noise source in railroad yards and sidings is car impacts.
When a car is being coupled to a string of cars or when a locomotive
with a number of cars is starting to move, several impacts may occur.
I m p a c t s  a d d  l i t t l e  t o  Ldn because:  a )  the  s ignal  is  o f  very  shor t
generation; b)  the  s ignal  has  a  low ampl i tude;  and c)  typ ica l ly  the
number of impacts is not significant. In  contrast ,  the  noise  of  an
id l ing engine may be s igni f icant ; a l though not  of  h igh level  I t  may
occur for extended periods of t ime.
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3 - 7 . 1 . 2 OPERATIONAL CONSIDERATIONS

3-7.1.2.1 LINE OPERATIONS

The power  of  a  t ra in  is  contro l led  by  a  throt t le  wi th  e ight  equal
incrementa l  set t ings. .  On l ine  runs,  the  engine is  a t  the  e ighth

s e t t i n g  ( f u l l  t h r o t t l e )  a b o u t  f i f t y  p e r c e n t  o f  t h e  t i m e . The noise
leve l  d i f ference between id le  and fu l l  throt t le  is  about  15  dB;
however,  engine noise is not a function of speed.

Conversely,  the effect of speed on car noise is most important. The
noise  leve ls  for  a  typ ica l  car  increases wi th  the  th i rd  power  of
speed.

The noise  exposure  f rom ra i l road operat ions is  thus a  funct ion of
both  the  noise  leve l  and the  durat ion of  passby (which,  in  turn ,  is
dependent upon train speed and length).

3-7.1.2.2 YARD AND SIDING OPERATIONS

Railroad yard and siding noise levels are highly dependent upon oper-
a t ions. The more cars to be moved around, the more noise there will
be.

Most  insta l la t ion yard  type act iv i t ies  are  loading and unloading,
rather than switching, coupling and decoupling of cars. There fore ,
the important noise sources are low speed movement and idling.
Although maximum noise levels may not be high, the duration of these
operat ions wi l l  s igni f icant ly  a f fect  the  noise  exposure .

3 - 7 . 2 EVALUATION PROCEDURES

The procedure discussed below is based on several simplifying assump-
tions concerning the type, length and speed of trains which may be
encountered.

3 - 7 . 2 . 1 LINE OPERATIONS

This  analys is  is  va l id  for  ra i l road operat ions on leve l  grade,  wi th
no shielding by buildings or other structures between the train and
t h e  l o c a t i o n  o f  i n t e r e s t .

The var ia t ion  of  SEL wi th  d is tance for  typ ica l  t ra in  operat ions is
s h o w n  i n  F i g u r e  3 - 7 . 2 . 1 . The SEL is a measure of duration as well
as  noise  leve l . S ince the  durat ion of  the  noise  s ignal  increases
with decreasing speed, and the noise of the engine is independent of
speed, the SEL decreases with increasing speed. For a given distance
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FIGURE 3-7.2.1 VARIATION OF SEL WITH DISTANCE FOR TRAINS
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and percentage of nighttime operations, the SEL determined from this
figure may be used to obtain the L d n b y  r e f e r r i n g  t o  F i g u r e  3 - 1 . 1 . 2 a .
I f  s e v e r a l  d i f f e r e n t  t r a i n s  u t i l i z e  a  p a r t i c u l a r  t r a c k ,  t h e  Ld n

values determined for each may be added together using Figure 3-1.1.2c.
Ldn contours may be derived by proceeding in the reverse order;
r e f e r  t o  F i g u r e  3 - 7 . 2 . 1 .

The curves in Figure 3-7.2.1 il lustrate that the maximum SEL
di f ference among types of  t ra ins  is  only  4  dB.  This  smal l  va lue
permi ts  fur ther  s impl i f icat ion in  der iv ing contours  where  there  are
d i f f e r e n t  t y p e s  o f  r a i l r o a d  o p e r a t i o n s .  F i r s t ,  d e t e r m i n e  t h e  m a j o r
noise-contr ibut ing c lass  of  operat ions. This is done by selecting
an arb i t rary  d is tance and determin ing the  Ld n  value  for  each type  of
t r a i n . The  h ighest  Ld n  determines the  major  contr ibutor .  Then use
the SEL value for the major contributor with the total number of
O p e r a t i o n s  f o r  a l l  t r a i n  t y p e s  t o  d e t e r m i n e  Ld n  c o n t o u r s .

Train noise contours, l ike highway contours, are prepared by drawing
l i n e s  a l o n g  a n d  p a r a l l e l  t o  t h e  r a i l s at  the  appropr ia te  d is tances
f rom the  center  o f  the  t racks .

3 - 7 . 2 . 2 YARD AND SIDING OPERATIONS

For screening purposes, the noise exposure of yard operations (pri-
marily loading and unloading activit ies) may be approximated by using
the top curve  ( f re ight  or  ‘passenger  t ra in ,  10  mph)  in  F igure  3 -7 .2 .1 .
Each single train movement to a yard area or siding should be counted
as though i t  were  one passby of  a  f re ight  t ra in  a t  10  mph.  The dura-
t ion  e f fects  of  id l ing  are  approximated in  the  SEL curve ,  therefore
an ident ica l  procedure  to  that  i l lust ra ted for  l ine  operat ions may
be used to approximate the noise from yard operations.
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3-8 FIXED NOISE SOURCES

3-8.1 BACKGROUND INFORMATION

Fixed noise sources include a variety of equipment which can generally
be found in and around testing facil i t ies, power plants, maintenance
f a c i l i t i e s  a n d  o t h e r  b u i l d i n g s . Such equipment is typically operated
in a f ixed posit ion (either permanently or temporari ly over an extended
time period) and typically produces noise levels that are constant over
the period of operation.

The noise exposure is dependent upon the way in which the equipment
is  insta l led ,  the  use of  muf f lers  or  enclosures ,  and operat ing sched-
u l e . Because of the variety of machines in use and the wide variance
in operating parameters for machinery, an all-inclusive generalized
evaluat ion procedure  is  impract ica l . Thus, the procedure to be taken
wi th  f ixed sources  is  as  fo l lows:

(1)  Acquire  noise  informat ion about  the  par t icu lar  machine
under consideration (this may require in-field measure-
ments) and

(2)  Apply  operat ional  considerat ions to  determine an Ld n

value .

3 - 8 . 1 . 1 NO I SE SOURCES

Frequently encountered noise sources are compressors, generators,
blowers and pumps. Noise produced by these machines exhibit a wide
range in both frequency, content and level; however the A-weighted
level (AL) is an appropriate measure of the noise produced during
routine operations. The noise exposure may be assessed by consider-
ing the maximum A-level and the period of t ime over which it  occurs.

3 - 8 . 1 . 2 OPERATION CONSIDERATIONS

The manner of installation and the location of a piece of equipment
wi l l  have  a  s igni f icant  e f fect  on the  noise  leve ls  produced. Noisy
compressors and generators in the basement of a building may have
l i t t le  noise  impact  outs ide  the  bui ld ing i tse l f ;  however ,  an  unenclosed
compressor on the fl ight l ine can radiate excessively high noise
l e v e l s  f o r  h u n d r e d s  o f  f e e t  i n  a l l  d i r e c t i o n s .  M u f f l e r s ,  e n c l o s u r e s ,
and barr iers  modi fy  the  d i rect ional  character is t ics  and absolute
noise  leve ls  of  f ixed sources.
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3 - 8 . 2 EVALUATION PROCEDURES

Equipment  noise ,  l ike  a i rcraf t  ground runup noise ,  is  near ly
constant with t ime. Thus, noise exposure evaluation is similar.

(1 )  Determine AL

(2)  Establ ish  dayt ime and n ight t ime durat ion

( 3 )  U s e  F i g u r e  3 - 1 . 1 . 2 b  t o  o b t a i n  t h e  Ld n  f o r  a l l  m a j o r
operating modes

The A-levels for much equipment have been measured and are available
In  the  re ference l is ted in  Appendix  B.  When not  ava i lab le  e lsewhere ,
AL can be determined with f ield measurements. This approach wil l
generally be more accurate. Measurements may be made by the installa-
t ion Bioenvironmental Engineer or Health and Environment Officer.

When the AL cannot be obtained at the point of interest,  but is known
for  another  point , the  Ldn can be  determined f rom Figure  3 -8 .2 .  Con-
tours can be developed through a reversal of that process. For
example, i f  the Ldn at 50 feet were 66 dB, the 60  dB c o n t o u r s  w o u l d
be located 100 feet from the source.

I f  a  s o u r c e  i s  o m n i d i r e c t i o n a l ,  i . e . , i f  the  noise  radia tes  equal ly
i n  a l l  d i r e c t i o n s , as for an unobstructed point source, contours
wi l l  consis t  o f  concentr ic  c i rc les  wi th  rad i i  equal  to  the  d is tances
d e r i v e d  f o r  p r e s c r i b e d  Ld n  v a l u e s . For  sources  wi th  d is t inct  d i rect -
i o n a l i t y  c h a r a c t e r i s t i c s , development of contours is much more com-
plex and should not be undertaken; i n s t e a d ,  u t i l i z e  a v a i l a b l e  a s s i s t -
ance listed in Appendix A.
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REDUCTION IN NOISE LEVEL WITH
FIGURE 3-8.2 DISTANCE FROM A POINT SOURCE

DISTANCE (FEET)

N O T E : This figure is based on inverse-square spreading from the noise
source, and does not incorporate atmospheric and ground ab-
sorption affects. These effects may be significant at distances
of 1000 feet and beyond.



3-9 COMBINED NOISE EXPOSURE FROM ALL SOURCES

The purpose of the preliminary screening is to quickly determine and
e l i m i n a t e  t h o s e  a r e a s where  i t  is  undesi rable  to  locate  the  fac i l i ty
o f  i n t e r e s t . Speci f ic  potent ia l  s i t e s may then be  se lected in  the
remaining areas. The second phase screening involves evaluating the
noise exposure at each site by considering the combined effect of al l
noise sources.

3-9.1 PRELIMINARY SCREENING

Procedurally, the planner should first determine the maximum accept-
a b l e  n o i s e  e x p o s u r e  f o r  t h e  f a c i l i t y  ( r e f e r  t o  F i g u r e  4 - 5 ) .  F o r  e a c h
noise source for which Ldn contours  are  ava i lab le  (e i ther  computer -
generated or manually-derived), the contours should be overlayed,
one at  a  t ime,  on a  map of  the  insta l la t ion. Noise  contours  for  a i r -
craft operations (both air and ground) and blast/ impulse noise sources
may be obtained through the agencies l isted in Appendix A. For other
sources, methods are provided in this volume for manually deriving
approximate noise contours. Where the noise exposure from a n y source
exceeds the maximum acceptable limit, the exposed area should be
el iminated f rom fur ther  considerat ion. Note  that ,  when feas ib le ,
the  appl icat ion  of  a t tenuat ive  measures  ( re fer  to  Chapter  5 )  can
render marginally unacceptable sites suitable for development.

This process wil l  not screen out a l l a reas  wi th  excess ive  noise
exposure  as  the  cumulat ive  e f fect  o f  a l l  sources  is  not  eva luated.

3 - 9 . 2 FINAL SITE SCREENING

A f t e r  t h e  s p e c i f i c  l o c a t i o n s  o f  p o t e n t i a l  s i t e s  h a v e  b e e n  i d e n t i f i e d
on a single map, the Ldn values of contributing sources are added,
us ing F igure  3 -1 .1 .2c  to  determine the  tota l  no ise  exposure .

The Ld

l
n v a l u e  f o r  a  p r e s c r i b e d  p o i n t  m a y  b e  o b t a i n e d  d i r e c t l y  f r o m

manua evaluations or interpolated from computer-produced or manually-
derived contours. When computer-produced contours are available,
the approximate Ldn va lue  a t  the  locat ion  of  in terest  may be  deter -
mined by overlaying the contours on the installation map, and reading
t h e  Ld n  value  by  v isual  in terpolat ion between the  contour  l ines
surrounding the site.

T h e  Ldn values for each source should be determined to the nearest
decibe l  and then energy added (us ing F igure  3 -1 .1 .2c ,  s tar t ing  wi th
t h e  l o w e s t  l e v e l s  f i r s t ) . The fo l lowing sect ions descr ibe  th is
procedure  in  deta i l .

After the total L d n at  each potent ia l  s i te  has  been determined,  the
p l a n n e r  c a n  p r o c e e d  w i t h  the planning process presented in Chapter 6.
This  wi l l  enable  the  p lanner  to  logica l ly  compare  s i tes  and
incorporate appropriate noise abatement measures.
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3 - 9 . 2 . 1 DETERMINATION OF INTERMEDIATE CONTOURS

Computer-produced contours are usually described in 5 dB increments
f r o m  Ldn 80 to Ldn L d n 60 contours are
sometimes plotted.

65, although the Ldn 85 and
The following procedure may  be used to determine

one dB incremental contours between the computer-plotted contour
l i n e s . The fo l lowing steps are  i l lust ra ted in  Example  3 -9 .2 .1 :

Step 1: At  severa l  points  on the  5  dB c o n t o u r  l i n e s ,  e s t a b l i s h
lines which are perpendicular to the inner contours and
extend them outward toward the outer contours. Insofar
as possible, these l ines  should  be  perpendicular  to  a l l
the  contour  l ines  which they  in tersect .

Step 2: Divide these lines into equal segments between each
5 dB c o n t o u r  l i n e .

Step 3: Draw in contours through the points established in Step 2
fo l lowing the  genera l  curvature  of  the  nearest  5  dB
contour  l ine .

3 - 9 . 2 . 2 DETERMINATION OF Ldn 60 CONTOUR

Avai lab le  computer -generated contours  for  a i rcraf t  and/or  b last  noise
may not have L d n 60 contours plotted. Ideal ly ,  a t  locat ions where
noise from both a i r c r a f t  a n d  b l a s t / a r t i l l e r y  o p e r a t i o n s  b o t h  c o n t r i -
bute to the noise environment,  computer-generated contours for both
operations should be requested through the agencies l isted in
Appendix A. contours down to Ldn 60 should  be  expl ic i t ly  speci f ied
in the request. However, i f  c o n t o u r s  w i t h  Ld n  6 0  p l o t t e d  a r e  n o t
available and a sit ing determination is necessary for an area which
fa l ls  outs ide ,  but  near  both  the L d n

b l a s t / a r t i l l e r y  o p e r a t i o n s , then t h e  p r o c e d u r e  d e s c r i b e d  i n  t h i s
65  contours  for  a i rcra f t  and

section may be used to determine a conservative estimate of the
p o s i t i o n  o f  t h e  Ld n  6 0  c o n t o u r . Once this has been done for both
noise sources, the unit  contours between Ldn 60 and Ldn 65 may be
drawn in  us ing the  procedure  descr ibed in  3 -9 .2 .1  The fo l lowing
steps are  i l lust ra ted in  Example  3 -9 .2 .2 .

Step 1: Select several points along the 5dB contours where a
perpendicular l ine can be drawn through all  the contours
(80, 75, 70, 65) and remain essential ly perpendicular to
a l l  o f  t h e m .

Step 2: Measure the distance between the contours on these
perpendicular  l ines  and p lot  the  d is tances against
the Ldn contour  va lues .

Step 3: Using a French curve, estab l ish  a  curve  which f i ts  these
plotted points for each perpendicular l ine drawn through
the contours. Extend the  curve  unt i l  i t  c rosses the
Ldn 60  l ine  on the  p lot  o f  d is tances versus Ldn v a l u e s .
Read of f  the  d is tance  to  the  Ldn 60  contour  l ine .
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Step 4: Draw the Ld n 60 contour through the points established
in Step 3 following the same general curvature as the
L d n  6 5  c o n t o u r .

3 - 9 . 2 . 3 DEVELOPMENT OF COMBINED NOISE CONTOURS

If computer-produced contours combining all relevant noise sources
are not available, then the procedure described in this section may
be used to combine L d n  a n d / o r  LC d n contours from various noise sources
(see example 3-9.2.3).

Step 1:

Step 2:

Step 3:

Obtain unit contours for the noise sources impacting the
potential sites in question and overlay them upon one
another by use of tracing paper or other appropriate
means locate the intersections of contours in the areas
o f  i n t e r e s t .  ( R e f e r  t o  3 - 9 . 2 . 1  a n d  3 - 9 . 2 . 2  f o r  d e t e r -
mining the  locat ion of  uni t  contours  i f  those avai lab le
are in increments of more than one decibel.)

Using F igure  3 -1 .1 .2c , determine the decibel increment
to add to the higher contour value to equal the combined
value of the two sources at that point. Repeat this
procedure for a sufficient number of points to enable
manual contouring.

Connect points of equal noise exposure to produce combined
contours.
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D E V E L O P M E N T  O F
EXAMPLE 3-9.2.1 INTERMEDIATE CON TOURS

  ESTABLISH PERPENDICULAR LINES

DRAW INTERMEDIATE CONTOURS
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EXAMPLE 3-9.2.2
D E T E R M I N A T I O N  O F
Ldn 6 0  C O N T O U R

(steps 1,2,4)
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D E V E L O P M E N T  O F
EXAMPLE 3-9 .2 .3 C O M B I N E D  N O I S E CONTOURS



CHAPTER 4 RECOMMENDED NOISE LEVELS

4-1 BACKGROUND IN SELECTING LEVELS

4-1.1 BASIS FOR SELECTION

Recommended design noise levels for planning purposes are provided
in  th is  chapter . The background for selection of noise levels is
reviewed to provide a basis of understanding of the recommended
levels .

Man is an adaptable organism and can function effectively for short
t ime periods despite high noise levels and exposures, Thus, in
se lect ion of  p lanning leve ls  both  shor t  and long term ef fects  of
noise must be considered. In  the  past , undesirably high noise

of ten  been to lera ted  because of  the  lack  of  apparent
i l l  e f f e c t s .

levels have
short term

The effects of noise can be characterized in several impact areas:

1)  The e f fects  on indiv iduals  (par t icu lary  physio logica l
and psychological) .

(2 )  The  impact  on the  ab i l i ty  o f  people  to  per form ef fect -
i v e l y .

(3) The effects on communities and group actions and
a t t i t u d e s .

The effects of noise may also be viewed in terms of three interrelated
factors :

(1)

(2)

(3)

P h y s i o l o g i c a l  e f f e c t s ,  e i t h e r  t e m p o r a r y  ( e . g . ,  s t a r t l e
reactions and temporary hearing threshold shifts) or
endur ing (e .g . , permanent hearing damage or the cumu-
la t ive  physio logica l  e f fects  of  pro longed s leep loss) .

Behaviora l  e f fects  involv ing in ter ference wi th  act i -
vit ies such as speech, sleep or the performance of
work tasks.

Subjective effects described by such words as “annoy-
ance”, “nuisance” ,  “d issat is fact ion” ,  e tc . ,  which
result from combinations of behavioral and physiologi-
cal effects over perhaps extended time periods.
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Different effects of noise, depending on the type of environment, are
the  basis  for  set t ing  design noise  leve ls .

The h igher  noise  leve ls  speci f ied  for  industr ia l  areas  are  set  pr im-
ar i ly  to  avoid  long term physio logica l  e f fects ,  par t icu lar ly  hear ing
damage. The major consideration in office type work areas is the
impact of noise on speech communication. For residential and recrea-
tional non-work activit ies, the effects of noise on speech, communica-
tion, sleep and feelings of annoyance and dissatisfaction are important.

4 - 1 . 2 SPEECH COMMUNICATION CONSIDERATIONS

Because of the importance of speech communication in many human activi-
ties, the impact of noise on speech communication must be carefully
considered in specifying noise levels. The ch ie f  e f fect  o f  in t ruding
noise on speech is to mask (hide) the speech sounds and thus reduce
s p e e c h  i n t e l l i g i b i l i t y . The most important speech sounds, from the
standpoint  of  in te l l ig ib i l i ty ,  cover  a  range in  f requency f rom about
200 to 6,000 Hz, and at each frequency, a dynamic range of about
30 dB. T h e  i n t e l l i g i b i l i t y  o f  s p e e c h  w o u l d  b e  n e a r l y  p e r f e c t  i f  a l l
these  contr ibut ions could  be  heard  by  the  l is tener .  To  the  extent
that  in t ruding noise  masks out  some of  these contr ibut ions,  in te l l -
i g i b i l i t y  d e t e r i o r a t e s .

Human hearing is most sensitive in the frequency range most important
for  the  understanding of  speech.  Therefore ,  the  A-weight ing,  or ig in-
a l ly  des igned to  re f lect  the  f requency sensi t iv i ty  o f  the  human ear
in terms of loudness, is also a useful measure of the speech inter-
ference potent ia l  o f  in t ruding noise .

There are many variables other than the background noise level that
affect a person’s understanding of speech. The speaker’s enunciation,
the  fami l iar i ty  o f  the  l is tener  wi th  the  speaker ’s  language and
vocabulary ,  the  l is tener ’s  mot ivat ion,  and the  normal i ty  of  the
l i s t e n e r ’ s  h e a r i n g  a l s o  i n f l u e n c e  i n t e l l i g i b i l i t y .  T h e r e  i s  a l s o
a wide range in sound power output of different speakers. Hence,
in a given “marginal” noise environment, one speaker may be much
more understandable than another.

The effects of noise on speech out of doors are summarized In Figure
4 - 1 . 2 a . This f igure shows the distances between speaker and l istener
for satisfactory outdoor conversations for different steady A-weighted
noise  leve ls . Curves are shown for three levels of vocal effort .
Outdoors ,  the  vo ice  leve ls  a t  the  l is tener ’s  ear  decreases a t  a
predic tab le  ra te  (6  dB per  doubl ing of  d is tance)  as  the  d is tance
between speaker and l istener is Increased. Thus, for a steady back-
ground noise, t h e r e  i s  a  p o i n t , as the speaker and l istener increase
the i r  separat ion, where the decreasing speech signal is masked by
noise.
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FIGURE 4-1.2a

MAXIMUM DISTANCES OUTDOORS OVER
WHICH CONVERSATION IS CONSIDERED TO BE

SATISFACTORILY INTELLIGIBLE IN STEADY NOISE

COMMUNICATING DISTANCE (METERS)

References 4-10 and 4-14
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The curves for normal and raised voice are labeled “satisfactory
conversat ion-sentence inte l l ig ib i l i ty  95%",  meaning that  95% of
the key words in a group of ‘sentences would be correctly understood.
At  th is  percentage of  sentence inte l l ig ib i l i ty ,  communicat ion is
usually rel iable because of normal redundancy, In many situations
understanding is aided b y  t h e  r e s t r i c t i o n  i n  v o c a b u l a r y .  T h e r e f o r e ,
9 5 %  s e n t e n c e  i n t e l l i g i b i l i t y  i s  s a t i s f a c t o r y  i n  m o s t  s i t u a t i o n s .

I n  c r i t i c a l  s i t u a t i o n s  a n d  a c t i v i t i e s ,  a  h i g h e r  s e n t e n c e  i n t e l l i g i -
b i l i ty  may be  requi red.  However , in many situations which demand
accuracy in verbal communication, a  h ighly  rest r ic ted vocabulary  is
used, for example, a i r  t ra f f ic  communicat ions. Where restricted
vocabulary is employed, t h e  9 5 %  i n t e l l i g i b i l i t y  c r i t e r i a  w i l l  p e r m i t
reliable communication.

The effects of noise on speech indoors are summarized in Figure
4 - 1 . 2 b .  T h i s  f i g u r e  s h o w s  s e n t e n c e  i n t e l l i g i b i l i t y  a s  a  f u n c t i o n  o f
the  s teady s ta te  background leve l  (A-weighted)  a t  d is tances greater
than about one meter for a speaker in a moderately large off ice or
typical classroom. A reverberant  f ie ld  is  assumed to  ex is t  in  the
room, the result of reflections of sound from walls and other bound-
aries of the room. These reflections enhance speech sounds so that
the decrease of speech level distance found outdoors occurs only
for distances close to the speaker. Thus, at  distances greater than
about one meter from the speaker, the  leve l  o f  speech is  near ly  con-
stant throughout the room.

The distance from the speaker to the point where the level of the
speech decreases to a constant level in the room is  a  funct ion of  the
amount of sound absorption in the room. The greater the amount of
absorption, the greater the distance over which the speech wil l
decrease and the  lower  the  leve l  in  the  reverberant  f ie ld  for  a
g iven vocal  e f for t . As shown in the figure, the maximum sound level
that  wi l l  permit  communicat ing wi th  95% sentence inte l l ig ib i l i ty
throughout the room is approximately 64 dB.

In Figures 4-1.2a and b, a steady state noise level has been assumed.
In  the  more  pract ica l  case of  f luctuat ing leve ls ,  laboratory  tests
and calculations show that the percentage of speech interference
f o r  a  f i x e d L dn is  greater  for  s teady noise  than fora lmost  a l l
types of t ime varying noise. Thus,  the  f igures  wi l l  prov ide  conser -
vat ive  est imates  of  the  e f fect  o f  no ise  in  most  actua l  cases .

4 - 1 . 3 COMMUNITY REACTION CONSIDERATIONS

The introduction of many new types of noise sources in suburban
and residential  areas in the last 25 years has created numerous
community problems. These problems have provided significant
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FIGURE 4-1.2b

NORMAL VOICE SENTENCE INTELLIGIBILITY
AS A FUNCTION OF THE STEADY BACKGROUND
SOUND LEVEL IN AN INDOOR SITUATION

6 0

STEADY A-WEIGHTED SOUND LEVEL
(dB RE 20 MICROPASCALS)

References 4-10 and 4-14
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data and insight into community reaction and annoyance. Various
governmental agencies began to investigate the relationships between
ai rcraf t  noise  and i ts  e f fect  on people  in  communi t ies  in  the  ear ly
1950’s; studies have continued since that period.

The planning levels established for residential  land use are based
largely upon field evidence obtained in two ways. The reactions
of  indiv iduals  or  groups of  indiv iduals  to  speci f ic  noise  leve ls
have been s tudied  wi th  the  use  of :  (a )  soc ia l  surveys;  and (b )
documentat ion of  act ions taken (e .g . ,  compla ints ,  legal  act ions,  e tc . ) .

Community case history experience can be presented in terms of the
correlation of noise levels versus various degrees of community
reaction ranging from no reaction to vigorous legal actions. How-
ever, community reaction is not determined solely on noise level;
other community and noise source factors must be taken into account
to  obta in  a  consistent  corre la t ion .

The results of a study of 55 community noise case histories are i l lus-
t ra ted in  F igure  4 -1 .3a . T h e  Ldn va lues  are  “normal ized”;  that  is ,
adjusted for community and noise source characteristics (refer to
Figure  4 -1 .3b) . In Figure 4-1.3a the “no reaction” response corres-
ponds to a normalized outdoor day-night sound level ranging from
about 50 to 61 dB with a mean of 55 dB. For a normalized day-night
outdoor level of 65 dB, widespread complaints or single threats of
legal action can be expected.

Sociological surveys intended to determine longer-term integrated
adverse responses of people to environmental noise have been con-
ducted in  severa l  countr ies ,  inc luding the  Uni ted  States .  The resul ts
of such surveys are generally stated in terms of the percentage of
respondents expressing differing degrees of disturbance or dissat-
i s f a c t i o n . Each social survey is related to some measurement of
noise  exposure  (usual ly  f rom a i rcraf t  operat ions) ,  thus enabl ing
correlation between annoyance and outdoor noise levels in residen-
t i a l  a r e a s .

The resul ts  o f  soc ia l  surveys  show that  for  a  g iven noise  leve l ,
individual responses vary widely. Studies have also shown that
these variances are reduced substantial ly when individuals are con-
s idered according to  s imi lar  a t t i tudes about  “ fear”  of  a i rcraf t
crashes and “misfeasance” of author i ties. Almost  ident ica l  func-
tional relationships between human response and noise levels are
obtained from averaged responses of a whole surveyed population
and f rom the groups of  indiv iduals  having n e u t r a l a t t i tud ina l
responses. Therefore, in deriving relationships between reported
annoyance and day-night sound level,  i t  is reasonable to use the
average overall group responses, recognizing that individuals may
vary considerably from the average, both  posi t ive ly  and negat ive ly
depending upon par t icu lar  a t t i tudina l  b iases.
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FIGURE 4-1.3b

CORRECTIONS TO BE ADDED TO THE
DAY/NIGHT AVERAGE SOUND LEVEL (Ldn)

TO OBTAIN NORMALIZED Ldn

Type of
Correction Description

Correction
Added to
Measured
Ldn in dB

Seasonal
Correction

Correction
for Outdoor
Residual
Noise
Level

Summer (or year-round operation)
Winter only (or windows always closed)

Quiet suburban or rural community (away from
large cities, industrial activity, and trucking)

Normal suburban community (away from industrial
activity)

Urban residential community (not near heavily
traveled roads or industrial areas)

0
- 5

+10

+5

0

Noisy urban residential community (near relatively
busy roads or industrial areas)

- 5

Correction
for
Previous
Exposure
and
Community
Attitudes

Very noisy urban residential community

No prior experience with intruding noise

Community has had some exposure to intruding
noise; little effort is being made to control noise.
This correction may also be applied to a community
which has not been exposed previously to noise, but
the people are aware that bona fide efforts are being
made to control it.

- 1 0

+5

0

Community has had considerable exposure to in-
truding noise; noise maker’s relations with com-
munity are good.

- 5

Community aware that operation causing noise is - 1 0
necessary but will not continue indefinitely. This
correction may be applied on a limited basis and
under emergency conditions.

Pure Tone No pure tone or impulsive character 0

or Impulse Pure tone or impulsive character present +5

Reference 4-4 and 4-10
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Social survey data obtained from questionnaires in eight communities
near  c iv i l  a i rpor ts  in  th is  country  and around Heathrow Airpor t  in
London are shown in Figure 4-1.3c. This f igure shows the percentage
of the populace that is highly annoyed as a function of the day-
night sound level. T h e  f i g u r e  i n d i c a t e s  t h a t  f o r  a  Ld n  o f  6 5  d B ,
over 30% of the people exposed will be highly annoyed.

The percent of people who wil l  actively complain to authorit ies about
noise will be much less than the number of people annoyed. The
approximate relationship between those annoyed and those complaining
is shown in Figure 4-1.3d, which is based upon social data gathered
in  th is  country . The figure indicates that when 1% of the people
complain, 17% report being highly annoyed, and when 10% of the
people complain, 43% are l ikely to be highly annoyed.

A summary of the relationship between the day-night sound level and
the percent l ikely to complain and be highly annoyed is shown in
Figure  4 -1 .3e . This  f igure  is  based upon the  resul ts  o f  the  severa l
surveys mentioned. Also indicated are the average community reaction
(derived from the community case histories studies) and a scale of
t h e  r e l a t i v e  i m p o r t a n c e  o f  a i r c r a f t  n o i s e  a s  a  f a c t o r  i n  d i s l i k i n g
an area or wanting to move. When the  outdoor  Ldn is 60 dB, approxi-
mately 2% of the household might be expected to complain, although
23% of the people might respond as highly annoyed when questioned,
and some reaction would be expected from a typical community. I f
the levels increase over 65 dB, more than 5% may be expected to com-
plain and over 33% would respond as highly annoyed. At higher levels,
increasingly vigorous community reaction would be expected and noise
would become a dominant factor In disliking an area.
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PERCENTAGE OF PEOPLE HIGHLY ANNOYED AS
FIGURE 4-1.3c A FUNCTION OF DAY/NIGHT AVERAGE SOUND LEVEL

APPROXIMATE DAY-NIGHT AVERAGE SOUND LEVEL Ldn (dB)

References 4.3, 4-6, 4-7, 4-8 and 4-12
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FIGURE 4-1.3d
SOCIAL SURVEY ESTIMATE OF THE PERCENTAGE OF HIGHLY

ANNOYED AS A FUNCTION OF PERCENT OF COMPLAINTS

70

60

50

0
0 5 10 15 20 25

PERCENT COMPLAINTS (C)

Reference 4-9
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FIGURE 4-1.36
SUMMARY OF ANNOYANCE SURVEY AND

COMMUNITY REACTION RESULTS

Relative Importance of Aircraft as a Factor in Disliking
Area or Wanting to Move (Heathrow 1st Study)

60 70 75 80

OUTDOOR DAY/NIGHT SOUND LEVEL Ldn
(dB RE 20 MICROPASCALS)

Reference 4-10
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4 - 2 CHOICE OF NOISE MEASURES FOR SCREENING PURPOSES

Installation environments may encompass a range of noise sources
wi th  wide ly  vary ing character is t ics . As stated in  Chapter  2 ,  not
a l l  no ises  can be  eva luated equal ly  wel l  ( in  terms of  impact  on
people)  wi th  the  same noise  measure  or  noise  sca le .  For  s i te
screening and in i t ia l  des ign purposes,  the  basic  equiva lent  leve l ,
A-weighted, is  sat is factory ,  w i th  a  few except ions .

The except ions are  large  ampl i tude impulse  type sounds:  typ ica l ly
sonic booms, e x p l o s i v e  b l a s t s  o r  a r t i l l e r y  f i r e . Such sounds are
discrete  noises  (or  ser ies  of  such noises)  o f  shor t  durat ion  ( less
than a second) in which the sound pressure level r ises very rapidly
to a high peak before decaying to the level of the background noise.
These large amplitude impulsive sounds can excite noticeable vibra-
t ion  of  bui ld ings and other  s t ructures . The induced vibrations may
generate additional annoyance to people beyond that due to audibil i ty
of  the  impulse  because of  “house ra t t l ing”  and “star t le ,”  as  wel l  as
addi t ional  contr ibut ions to  in ter ference wi th  speech or  s leep. For
these exceptions, cr i ter ia  in  terms of  A-weighted Leq  va lues must  be
augmented with noise criteria based on consideration of the C-weighted
e q u i v a l e n t  l e v e l s .

4 -2 .1 NOISE MEASURES AND CRITERIA FOR LARGE AMPLITUDE IMPULSE
SOURCES

For screening purposes, the impulse sounds which would be considered
separately are those for which the wide band peak sound pressure level
is  over  110  dB (100 dB n i g h t t i m e ) , *  F o r  s u c h  i m p u l s e  s o u n d s ,  t h e
C-weighted equivalent levels or C-weight day-night average levels
should be determined. When the wide band peak sound pressure levels
for impulse sounds exceed 140 dB, evaluations of effects such as
hear ing loss, window breakage and other structural damage should be
undertaken. This may require use of special analysis procedures not
covered in this planning guide. For quarry blasts, ground borne
vibration and window breakage potential should also be assessed
even for impulse sounds where the wide band peak sound level falls
below 140 dB.

* An approximate evaluation of the threshold requirements for impulse
sounds may be made using a standard Type 1 sound level meter employ-
ing the C-weighting and the “s low” meter  character is t ic . An impulse
sound would be one that produces a maximum meter reading in excess
o f  8 2  dB i n  d a y t i m e  o r  7 2  dB a t  n i g h t .
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C-weighted day-night levels for impulse noise can be interpreted in
terms of annoyance in residential  areas by use of Figure 4-1.3c.
The same noise level scale applies for the C-weighted day-night
level  for  impulse  noise .

Acceptable A-weighted day-night average levels, as shown in Figure
4-5, also apply to C-weighted day-night average levels of impulse
noise for exposure up to the level where special building construc-
tion requirements are needed (i.e., where the word “yes” occurs).

Deta i led  cr i ter ia  for  in terpret ing  the  C-weighted equiva lent  leve l
(or day-night level)  in terms of impact on other land uses have not
been fully developed. Therefore ,  the  bui ld ing noise  leve l  reduc-
tion (NLR) requirements discussed in the following sub-sections for
non-impulse sounds should not be directly applied to noise environ-
ments dominated by impulse sounds,

4 - 2 . 2 NOISE MEASURES FOR NON-IMPULSE SOUNDS

The following sections present criteria for non-impulse sounds in
t e r m s  o f  Ld n. For some land uses or activit ies the noise
exposure  over  the  ent i re  24-hour  per iod is  essent ia l  (especia l ly  in
r e s i d e n t i a l  o r  o t h e r  l i v i n g  s p a c e s ) . In most work areas, exposure
over  a  shor ter  per iod,  perhaps an 8  to  10  hour  per iod,  is  important .
Thus, the Ldn m e a s u r e , which represents the noise environment over
a 24-hour period, may not  be  ent i re ly  accurate  in  depict ing the
noise environment for shorter periods. S i n c e  t h e  Ld n measure may be
one that  is  most  eas i ly  ava i lab le , i t  c a n  s a t i s f a c t o r i l y  s e r v e  a s  a n
appropr ia te  measure  for  screening purposes for  most  a l l  act iv i t ies
or land uses. T h e  Ld n  wi l l  usual ly  provide  a  conservat ive  noise
estimate (or overestimation) of the noise exposure during shorter
periods of the day.

For detailed design purposes, the noise exposure may be determined
for  the  appropr ia te  per iod of  the  day.  When complete  in format ion
about  dayt ime and n ight t ime leve ls  is  not  ava i lab le ,  F igure  4 -2 .2
may be used. I t  i l l u s t r a t e s  t h e  r e l a t i o n s h i p  b e t w e e n  t h e  Ld n  v a l u e
and the difference between daytime and nighttime equivalent levels.
I t  prov ides  a  way of  correct ing  the  Ldn  v a l u e  t o  o b t a i n  t h e  d a y t i m e
equivalent level when the difference between daytime and nighttime
equivalent levels can be estimated. Refer also to Example 4.2.2.
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FIGURE 4-2.2
VARIATION OF Ldn AS A FUNCTION OF DAYTIME

AND NIGHTTIME EXPOSURE

i 8

DIFFERENCE BETWEEN DAYTIME AND
NIGHTTIME EQUIVALENT LEVELS(dB)
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Larger differences between day and night Leq values usually exist
in quiet neighborhoods than in noisier dense urban areas. When
the day-n ight  average leve l  is  55  dB or  less ,  the  typ ica l  decrease
from day to  n ight  equiva lent  leve ls  wi l l  be  10  dB;  s imi lar ly ,  when
L d n  is 70 dB t h e  d e c r e a s e  m a y  b e  4  dB or  less .

EXAMPLE 4-2.2

PROBLEM:

SOLVING FOR APPROXIMATE
DAYTIME AND NIGHTTIME L e q

Determine the approximate daytime and nighttime Leq, given that Ldn is 70 dB.

SOLUTION:

1. If Ldn  = 70 dB, then assume the difference between day and nighttime Leq = 4 dB.

2.

3. Daytime Leq = 70 dB - 3 dB

Daytime Leq = 67 dB

4. Nighttime Leq = 67dB - 4dB

Nighttime Leq  = 63 dB
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4-3 EXISTING NOISE LEVELS

The typical range of Ld n  values for  var ious outdoor  envi ronments  is
shown in Figure 4-3a. Note  that  the  noise  leve ls  increase  wi th
population density (and motor vehicle density).

The number of people in this country exposed to different day-night
l e v e l s  i s  i l l u s t r a t e d  i n  F i g u r e  4 - 3 b .  T h e  f i g u r e  s h o w s  t h e  i n c r e -
ment in noise exposure due to the most intense urban noise sources,
a i rcra f t  and f reeway noise . Even excluding those l iv ing near  a i r -
por ts ,  considerable  numbers  of  res idents  l ive  In  re la t ive ly  noisy
areas. T h i s  i s  i l l u s t r a t e d  i n  F i g u r e  4 - 3 c .
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FIGURE 4-3a
TYPICAL RANGE OF OUTDOOR COMMUNITY

NOISE EXPOSURE LEVELS

30
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FIGURE 4-3b

RESIDENTIAL NOISE ENVIRONMENT OF THE NATIONAL
POPULATION AS A FUNCTION OF EXTERIOR

DAY/NIGHT AVERAGE SOUND LEVEL

Freeway Increment

L dn (dB)

Reference 4-10
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FIGURE 4-3c
URBAN POPULATION EXPOSED

TO NOISE ABOVE 60 dB

Ldn Exceeds Number of People
Percent of Total
Urban Population*

60dB

65 dB

62.1 million 46

26.8 million 20

70 dB 8.8 million 6.6

75 dB 2.2 million 1.6

*Estimated as 134 million.
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4 - 4 PLANNING LEVELS VERSUS OTHER NOISE CRITERIA

The planning levels presented in this chapter should be considered as
“design levels” which wil l  assure noise environments that wil l  not
i n t e r f e r e  w i t h  a c t i v i t i e s ,  t h a t  i s ,  w i l l  n o t  r e d u c e  w o r k  e f f i c i e n c y ,
not interfere with the speech communication appropriate to the acti-
v i t y ,  a n d  n o t  i n t e r f e r e  w i t h  r e s t  o r  r e c r e a t i o n a l  a c t i v i t i e s . Higher
n o i s e  l e v e l s  c a n  b e  t o l e r a t e d  a n d  w i l l  f r e q u e n t l y  e x i s t  a t  i n s t a l l a -
t ions and developments ,  c iv i l  and mi l i tary . In many cases, the
design levels are below the maximum levels incorporated in existing
m i l i t a r y  a n d  i n d u s t r i a l  r e g u l a t i o n s .

The design levels specified are based upon experience and judgment,
consideration of current urban noise levels, and basic technical
and economic factors. Pr imary  factors  re la t ing the  design leve ls
to other noise standards are considered below.

The Department of Housing and Urban Development’s current policy
statement on noise abatement and control,  HUD Circular 1390.2,
s ta tes “noise is a major source of environmental pollution which
r e p r e s e n t s  a  t h r e a t  t o  t h e  s e r e n i t y  a n d  q u a l i t y  o f  l i f e  i n  p o p u l a -
t ion  centers .” (Ref .  4 -9 ) .  In  establ ish ing noise  exposure  pol ic ies
and standards to be observed in the approval or disapproval of ai l
HUD projects*, noise environments are categorized as: (1) acceptable,
( 2 )  d i s c r e t i o n a r y  - normal ly  acceptable ,  (3 )  d iscret ionary  -  normal ly
unacceptable,  and (4) unacceptable. The planning levels presented
in this manual would define the boundary between categories (1) and
( 2 ) : acceptable and discretionary -  normally acceptable.

For many activit ies and land uses, the range in noise levels between
categor ies  (2 )  and (3 ) ,  d iscret ionary  -  normal ly  acceptable  and
d i s c r e t i o n a r y  - normally unacceptable, is 5 to 10 dB. Thus, exceed-
ing the  p lanning leve ls  presented in  th is  chapter  by  5  to  10  dB
would usually result  in a noise environment that would be classif ied
as normally unacceptable.

The planning noise levels in this manual may be higher than those
that  have  been speci f ied  wi thout  considerat ion  of  technica l  feas i -
b i l i ty  or  economic impact .  For  example ,  the  EPA has ident i f ied
l e v e l s  f o r  d i f f e r e n t  s i t u a t i o n s  r e q u i s i t e  t o  p r o t e c t  p u b l i c  h e a l t h
and welfare with an adequate margin of safety (Ref. 4-10). The EPA

* HUD-assisted projects cover a wide range of land uses, in addit ion
t o  r e s i d e n t i a l .
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recommendations do not generally incorporate technical feasibil i ty,
economic impact, nor  the  fact  that  a  large  propor t ion  of  the  current
population may be exposed to levels well in excess of the EPA-
i d e n t i f i e d  l e v e l s . The EPA recommendations include margins of
safety on the order of 5 to 10 dB.

The p lanning leve ls  speci f ied  in  th is  manual  take  in to  considerat ion
the existing noise environments found in many communities. Because
of economic impact considerations the specified planning levels do
not include large margins of safety. Margins of safety on the order
of 5 to 10 dB would ,  in  many cases, impose severe restrictions on
land use and drast ic  increases in  construct ion costs .  The resul t ing
higher  design leve ls  would  a lso drast ica l ly  reduce f lex ib i l i ty  in
land planning, without necessarily achieving a marked increase
in the judged acceptabil i ty of the noise environment.

The EPA recommendations should be regarded as ultimate goals for
attaining a quiet noise environment. However, it should be noted
that  consistent  appl icat ion of  the  p lanning noise  cr i ter ia  g iven in
th is  manual  wi l l  genera l ly  resul t  in  noise  envi ronments  that  are
quieter than those encountered in many existing mil itary and civi l
communities.
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4-5 EXTERIOR PLANNING LEVELS

The acceptable outdoor noise environments are 1 is ted in Figure 4-5
for major military and civil land uses. Appropriate design levels
f o r  f a c i l i t i e s  n o t  l i s t e d  i n  t h e  t a b l e  c a n  b e  i n f e r r e d  b y  r e l a t i n g
the types of human activities and reliance upon speech communica-
t i o n  t o  p a r a l l e l  l a n d  u s e s  o r  f a c i l i t i e s  i n  t h e  t a b l e .

P lanning leve ls  are  in  terms of  Ld n  v a l u e s .  A s  d i s c u s s e d  p r e v i o u s l y
(Sec 4-2.2),  however,  the Leq over  the  per iod of  usage is  preferable
for detailed design when occupancy or usage does not extend over 24-
hour periods.

In the table, the outdoor noise environment is considered in 5 dB
wide “zones”. For each zone acceptabil i ty is noted by one of the
f o u r  f o l l o w i n g  e n t r i e s :  ( 1 )  “ y e s ” ,
n u m b e r ,  ( 3 )  “ n o ” ,

(2) noise level reduction (NLR)
or (4) one of these and a footnote number.

“Yes” Designation

Where “yes” is  indicated,  no specia l  noise  contro l  rest r ic t ions are
necessary and normal construction appropriate to the activity may b e
used.

“NLR” Designation

For many land uses, higher levels of exterior noise exposure are
acceptable provided there is a proper degree of building noise
insulat ion. Such trade-offs are possible for land uses where indoor
act iv i t ies  predominate . When such trade-offs are appropriate, the
amount of noise insulation required is enumerated in the table in
units of NLR. (NLR in  dB,  is  the  d i f ference in  A-weighted noise
levels ,  measured outs ide  and ins ide  a  fac i l i ty . ) *

* Refer to Section 5-2.2 for further information. It should be noted
that the NLR is dependent not only upon the transmission loss
character is t ics  of  the  bui ld ing sur faces  exposed to  the  exter ior
noise ,  but  is  a lso  dependent  upon the  par t icu lar  character is t ics
of  the  exter ior  no ise  source  and the  acoust ic  proper t ies  of  the
designated room in the building. An outside noise spectrum to
be used for design calculations is suggested in Reference 4-2.
This spectrum wil l  generally be suitable for estimating NLR values
for  fac i l i t ies  exposed to  sur face  vehic le  and a i rcraf t  no ise .
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ACCEPTABLE LAND USES AND MINIMUM
FIGURE 4-5 BUILDING SOUND LEVEL REQUIREMENTS

*Offices - Business 61, 62,
& Professional 63, 65 No No NLR 30 NLR 25 Yes

Hospitals, Medical
Facilities, Nursing Homes
(24-hour Occupancy) 651 No No No NLR 30 NLR 25

*Dental Clinic, Medical
Dispensaries 651 No No NLR 30 NLR 25 Yes

*Outdoor Music Shells 7211 No No No No No

*Commercial & Retail
Stores, Exchanges, Movie
Theaters, Restaurants &
Cafeterias, Banks, Credit 53, 54, 56,
Unions, EM/Officer Clubs 57, 59 No No NLR 30 NLR 25 Yes

*Flight Line Operations
Maintenance & Training NLR 35 (5) NLR 30 (5) Yes Yes Yes

*Industrial, Manufacturing
& Laboratories

21-29, 31-35, 39
41-49, 51, 52, 64 No NLR 35 (5) NLR 30 (5) NLR 25 (5) Yes

*Outdoor Sports Arenas,
Outdoor Spectator Sports 722 No No No Yes (1) Yes (1)

*Playgrounds, Active Sport
Recreational Areas 7610 No No No Yes Yes

*Neighborhood Parks 7610 No No No Yes Yes

*Gymnasiums, Indoor Pools 7425, 7432 No NLR 30 NLR 25 Yes Yes

*Outdoor -  Frequent Speech
Communication No(2,3) No(2,3) No(2) No(2) No(2)

*Outdoor  - Infrequent
Speech Communication No(2,3) No(2,3) Yes Yes Yes

Livestock Farming,
Animal Breeding 815-817 No No No Yes Yes

*Agricultural (except Livestock)
81 Yes(3) Yes(31) Yes Yes Yes

*For detailed design, the Leq
f r o m  Ldn.

for the appropriate peroid of usage is the preferred measure of the noise environment. See 4-2.2 for Leq estimation

Yes -  Land use compatible with noise environment. No spatial noise control restriction. Normal construction appropriate.
NLR   - Appropriate noise level reduction where indoor activities predominate.
No - Land use not compatible with noise environment, even if special building noise insulation provided.

Refer to text for further explanations of Yes, NLR, and No designations.
FOOTNOTES:

1. Land use is acceptable provided special sound reinforcement systems are installed.
2. Land use may be acceptable provided special speech communication systems are used.
3. Land use may be acceptable provided hearing protection devices are worn by personnel. Check applicable hearing damage regulations.
4. Although it is recognized that local conditions may require residential uses in these areas, this use is strongly discouraged in Ldn 70-74 and
Ldn 75-79 and discouraged in Ldn 65-69. The absence of viable alternative development options should be determined. NLR  criteria will not
eliminate outdoor environment noise problems and, as a result, site planning and design should include measures to minimize this impact
particularly where the noise is from ground level sources.

5. The NLR  must only be incorporated into the design and construction of portions of these buildings where the public is received, office areas, and
noise sensitive work areas or where the normal noise level is low.
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The NLR values given in Figure 4-5 represent a conservative estimate
of  required bui ld ing insulat ion. NLR estimates should be reviewed
dur ing deta i led  design, taking into account the noise spectra of
the most predominant outside noise sources and the desired interior
noise  leve ls  (see  Sect ion 4-6) .  From design analys is ,  i t  may be
found that the actual NLR requirements can be relaxed from those
g i v e n  i n  t h i s  t a b l e .  H o w e v e r , such re laxat ion of  bui ld ing require-
ments should be accepted only after a detailed analysis has been
undertaken.

Due to high and geographically widespread noise exposures, it will not
o f t e n  b e  p o s s i b l e  t o  l o c a t e  f a c i l i t i e s  w i t h o u t  c o n s i d e r i n g  b u i l d i n g
insulation requirements. It  should be recognized that increasing
noise  insulat ion i n c r e a s e s  f l e x i b i l i t y  i n  l o c a t i n g  f a c i l i t i e s ,
but also increases construction costs.

“No” Designation

A “no” indication in Figure 4-5 means that the noise environment
i s  n o t  s u i t a b l e  f o r  t h e  d e s i g n a t e d  a c t i v i t y  o r  f a c i l i t y ,  e v e n  i f
specia l  bui ld ing noise  insulat ion is  provided. Table footnotes
indicate exceptions where special conditions apply.

Comparative Levels

For  res ident ia l  areas,  F igure  4 -5  indicates  that  no specia l  noise  insula-
t ion is  requi red in  res ident ia l  areas  exposed to  Ld n  v a l u e s  o f  l e s s  t h a n
65 dB. Simi lar ly ,  no specia l  insulat ion is  required for  c lassrooms,
l ibrar ies ,  churches, hospitals and nursing homes.
that a noise environment having an Ld n

It  should be noted
value  of  65  dB is 10 dB a b o v e

the Ldn value recommended by the EPA (Reference 4-10) as the maximum
outdoor  leve l  to  avoid  any in ter ference wi th  outdoor  act iv i t ies . Con-
verse ly ,  a  noise  envi ronment  having an Ld n  of 65* dB def ines  the  HUD
boundary between “acceptable” and “discretionary --  normally unaccept-
able” zones (Reference 4-9).

For  of f ices  and administ ra t ive  fac i l i t ies ,  outdoor  equiva lent  leve ls
may reach 70  dB before  specia l  bui ld ing noise  insulat ion is  required.

For outdoor work activit ies not requiring frequent speech communication,
the acceptable noise environment range extends up to 80 dB. For out-
door  work  act iv i t ies  in  noise  envi ronments  of  greater  than Ld n  80,  the
following factors should be considered:

(1 )  Speech communicat ion needs ( inc luding avai lab i l i ty  of
special communication systems)

* Assuming NEF 30 is equivalent to an L d n  of  65 .
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(2 )  Hear ing damage r isks  (speci f ica l ly  consider ing appl icable
mi l i tary  regulat ions concerning hear ing loss protect ion) .

It  should be noted that the EPA has identif ied a 24-hour Le q o f  7 0  dB
as the  desi rable  leve l  for  protect ing against  hear ing loss 8or  long
term exposure (40 years). C o n t r a r i l y ,  b o t h  c u r r e n t  m i l i t a r y  a n d  c i v i l
regulat ions set  considerably  h igher  l imi ts  for  work- re la ted noise
exposure.

M i l i t a r y  v s  C i v i l  U s e

For  of f ices  and administ ra t ion bui ld ings,  mi l i tary  usage,  wi th  appro-
priate NLR requirements, is permitted (but not encouraged) in higher
noise exposure than recommended for civi l  off ices. T h i s  d i f f e r e n t i a -
t ion recognizes occasional overriding operational needs to locate
administ ra t ion of f ices  c lose to  f l ight  l ines  or  ground runup l o c a t i o n s .
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4 - 6 INTERIOR DESIGN LEVELS

Figure  4 -6  conta ins  a  l is t  o f  p lanning leve ls  for  act iv i t ies  conducted
in  in ter ior  spaces. The p lanning leve ls  for  exter ior  noise  and for
interior equipment that is not continuously operated are given in
terms of  Leq va lues . Cont inuous noise  sources,  for  example  vent i la t -
ing systems or other mechanical equipment, emit steady state noise
which is measured in terms of Ls.*  The sources must be considered
separate ly . As indicated in the right hand column of Figure 4-6,
p e r m i s s i b l e  Ls values  are  5  to  10  dB less  than Leq v a l u e s  f o r  t h e
same act iv i ty .

In ter ior  s teady s ta te  noise  leve ls  more  than 5-10  dB be low the  leve ls
speci f ied  in  F igure  4 -6  are  not  des i rable . Annoyance will  actually
increase with the lowered background noise levels because individuals
will  hear intruding sounds that normally would be masked by the
steady state noise. Occasionally, where adequate noise insulation
cannot be provided, increasing the continuous background noise levels
over the values shown in Figure 4-6 wil l  provide better masking of
intruding intermittent sounds. For such occasions, the  character is t ics
of both in the intruding noises and the background noise should be
considered dur ing the  design of  the  fac i l i ty . ( R e f e r  t o  S e c t i o n  5 - 3 . 2 . 1 ,
Noise Masking,)

* Ls
is the A-weighted noise level produced by the ventilation or

mechanical systems (or other interior noise sources) which operate
more or less continuously. T h e  Ls value  for  design should  be  the
noise level produced in the space during the time of occupancy
while the equipment is at the typical mode of operation.
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FIGURE 4-6

ACTIVITY

Sleeping

Other Residential Activities
(Conversations, Radio, T.V.
Listening, etc.)

Classrooms, Libraries, Churches
Hospitals

Offices - Private, Conference

Offices/Work Spaces, Telephone
Use Satisfactory

Work Spaces - Occasional, Speech
Communication or Telephone Use

Work Spaces - Infrequent Speech
Communication, Telephone Use
Infrequent

INTERIOR NOISE ENVIRONMENT
PLANNING LEVELS

All Noise Continuous
Sources Interior Sources *

Leq (dB) L s(dB)**

45 40

50 40

50 40

45 40

55 45

60 55

70 60

*Typically, ventilation systems and mechanical equipment in near-continuous operations.
**The Ls value is given in terms of A-weighted noise level. The approximate noise criteria (NC)

curve values are 8 dB less than the A-level values (references 4-13 and 4-14).
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CHAPTER 5 REDUCING NOISE CONFLICT

This portion of the manual is la id  out  in  three  sect ions according to
the point where an abatement technique is applied: the noise source,
the noise path, and the noise receiver. The abatement techniques
presented in this chapter are’ enumerated below.

Outline of Noise Abatement Strategies

Section

A. Noise Source Modifications 5-1
1. Aircraft Noise - Fixed Wing 5-1 .1

a .  O p e r a t i o n a l  M o d i f i c a t i o n s 5 - 1 . 1 . 1
1) Approach Procedures 5 - 1 . 1 . 1 . 1

a) Holding and Maneuvering
A l t i tudes

b )  T r a f f i c  C o n t r o l
c) Approach Glide Angle
d )  I n i t i a l  A p p r o a c h  A l t i t u d e
e) Flap Setting
f )  De layed F lap  and Gear

Extension

g) High Speed Approach
h)  Regula t ion  of  Thrust  Reversa ls

Page

5-4
5-4
5 -5
5 - 5

i) Combined Techniques
j )  P r o p e l l e r  D r i v e n  A i r c r a f t

2 )  Takeof f  Procedures
a) Reduced Thrust
b )  F u l l  T h r o t t l e
c) Flap Setting
d) Power Cutback
e )  A f t e r b u r n e r  U s e
f )  P r o p e l l e r  D r i v e n  A i r c r a f t

3) Routing and Runway Usage
4)  Operat ion Schedul ing
5 )  A i r c r a f t  O p e r a t i o n  R e g u l a t i o n s
6 )  F l i g h t  S i m u l a t o r s
7)  Operator  Contro l

b. Technological Changes
c .  A i r  I n s t a l l a t i o n  P l a n n i n g
d. Implementation

2 . Aircraft Noise -  Rotary Wing
a .  O p e r a t i o n a l  M o d i f i c a t i o n s

1)  Takeoff and Approach Procedures
2 )  A i r c r a f t  O p e r a t i o n  R e g u l a t i o n s
3)   Routing and Runway Usage
4)  Operat ion Schedul ing
5) Flight Simulators

5 - 1 . 1 . 1 . 2  5 - 8

5 - 1 . 1 . 1 . 6
5 - 1 . 1 . 1 . 7
5 - 1 . 1 . 2
5 - 1 . 1 . 3
5 - 1 . 1 . 4
5 - 1 . 2
5 - 1 . 2 . 1
5 - 1 . 2 . 1 . 1
5 - 1 . 2 . 1 . 2

5-12
5-12
5-16
5-16
5-17
5-17
5-17
5-17
5-19
5-19
5-19
5-21
5-21
5-21
5-21
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Section Page

6)  Operator  Contro l
b. Technological Changes
c . A i r  I n s t a l l a t i o n  P l a n n i n g
Aircraft Noise - Ground Operations
Impulse Noise
a . Sonic Booms
b. Weapons

5 . Vehicular  Traf f ic  Noise
a .  S t r e e t  V e h i c l e s
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5-1 NOISE SOURCE MODIFICATIONS

Generally,  noise can be abated more effectively at the source than
at the numerous places of reception. Noise reduction at the source
i s  t y p i c a l l y  o f  t h r e e  t y p e s :

(1)

(2)

(3)

Technological change. A design modification which
actually reduces the “amount” of noise emanating from
a source.

Operational change. A change in the operation of the
source which does not necessarily reduce the absolute
leve l  o f  the  noise  created,  but  reduces the  leve l
perceived by the receiver.

Locational change. A separation of the source and the
rece iver  which wi l l  reduce the  leve l  o f  no ise  perce ived
but  not  the  leve l  created.

The planner wil l  be involved with each approach but more frequently
w i t h  t h e  t h i r d . The opportuni ty  for  re locat ion of  ex is t ing noise
sources wil l  generally be l imited because of cost and possible
mission degradation. Locat ional  modi f icat ions are  s t ronger  possib i l i -
t ies  in  expansion and in i t ia l construct ion programs. Methodologi-
ca l ly ,  no ise  source  s i t ing  is  the  same as  s i te  se lect ion for  non-
n o i s e  s o u r c e  f a c i l i t i e s .

Tradi t ional  land p lanning tools  wi l l  not  a lways be  suf f ic ient  to  so lve
a noise problem. The following discussions on operational and tech-
nologica l  approaches i l lust ra te  other  possib i l i t ies  for  abatement .
These sections wil l  broaden the planner’s perspective on a complex
problem which cannot be successfully treated through any single narrow
approach.

5 -1 .1 AIRCRAFT NOISE - FIXED WING

There  are  two c lass i f icat ions  of  f ixed wing a i rcra f t :  propel ler  and
turbine powered. The comments in this section pertain primarily to the
l a t t e r .

Because of  the  in tensi ty  and preva lence of  a i rcra f t  no ise ,  i t  is  a
major noise problem and, as a result has been extensively researched.
The following comments reflect abatement philosophies rather than
state -of - the-ar t  so lut ions which are  evolv ing too rap id ly  to  be
published as current.
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The
goal
w i l l
c a t i

1.1 OPERATIONAL MODIFICATIONS

opportuni ty  to  employ operat ional  modi f icat ions is  l imi ted.  The
of  the  a i r  insta l la t ion p lanner  is  to  create  an  envi ronment  that
support  a i rcraf t  operat ions; thus extensive  operat ional  modi f i -

ons wil l  normally be unacceptable. However, such a l ternat ives
should not be ignored as possible methods of reducing noise confl ict.
The fo l lowing br ie f  descr ipt ions of  operat ional  modi f icat ions are
included to augment the planners’ general knowledge of abatement
techniques.

The potent ia l  feas ib i l i ty  o f  the  fo l lowing techniques is  dependent
on installation mission,
procedures.

safe ty ,  and approved a i r  t ra f f ic  contro l
Speci f ic  var iab les  which wi l l  a l ter  the  e f fect iveness

o f  t h e  t e c h n i q u e s  i n c l u d e  a i r c r a f t  t y p e ,  m i s s i o n ,  a i r c r a f t  l o a d ,  r u n -
way length, t ra f f ic  load,  meteorologic  and topographic  condi t ions,
p i l o t  c a p a b i l i t y , approach/ takeof f  pat terns ,  e tc .

5-1.1.1.1 APPROACH PROCEDURES

Holding and Maneuvering Altitudes

Sufficiently high holding and maneuvering alt itudes can reduce noise
a r o u n d  a i r  f i e l d s .

Tra f f ic  Contro l

A  s t e a d y  f l o w  o f  t r a f f i c , which minimizes waiting time to take-off
or land, can reduce noise at and around airf ields.

Approach Glide Angle

By increasing the approach glide angle to the maximum practicable,
noise can be reduced (but to a constantly diminishing degree) in areas
under runway approach. Noise reduction is due to increased alt itudes
and reduced engine power. ( R e f e r  t o  F i g u r e  5 - 1 . 1 . 1 . 1 . )

In i t ia l  Approach Alt i tude

Suf f ic ient ly  h igh in i t ia l  approach a l t i tudes can reduce noise  in  out -
lying regions. ( R e f e r  t o  F i g u r e  5 - 1 . 1 . 1 . 1 )

F lap Set t ing

Reducing flap setting reduces airframe drag, thus decreasing the
amount of engine power required and increasing speed. The net  resul t
is decreased noise in outlying areas. ( R e f e r  t o  F i g u r e  5 - 1 . 1 . 1 . 1 )
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FIGURE 5-1.1.1.1 NOISE ABATEMENT APPROACH PROCEDURES

NORMAL APPROACH
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NOISE ABATEMENT
FIGURE 5-1.1.1.1 (CONTINUED) APPROACH PROCEDURES

REDUCED FLAP SETTING

DELAYED FLAP AND GEAR EXTENSION

With automatic activators

NOTE: DIAGRAMS ARE GENERALIZATIONS FOR ILLUSTRATIVE PURPOSES ONLY:

l No scale
• In practice the shapes of the contours will differ with aircraft type and operating conditions
• In practice the differences between the solid and dashed contours will differ from those illustrated.

That is, the relative merits of any one technique may be more or less than depicted.

5-7



Delayed Flap and Gear Extension

Delayed f lap and gear extension wil l  also reduce airframe drag,
engine power required, and thus noise in outlying areas. (Refer  to
F i g u r e  5 - 1 . 1 . 1 . 1 . )

High Speed Approach

A high speed approach can reduce noise  in  out ly ing areas.  Ai rcraf t
descent is at a high speed with reduced thrust,  uti l izing aerodynamic
drag and flap and landing gear adjustments to control speed. The
procedure  adds to  p i lo t  work load and is  best  su i ted  for  a i rcraf t
equipped with automatic landing systems. ( R e f e r  t o  F i g u r e  5 - 1 . 1 . 1 . 1 . )

Regulation of Thrust Reversals

Some aircraft employ thrust reversals for added braking power when
landing. Such reversals cause objectionable sideline noise near the
runways. The restriction of thrust reversals is possible when runway
lengths permit. There is a trade off  between reducing reversals and
increasing tax i  t ime.

Combined Techniques

Greater noise reductions are possible through combinations of tech-
n iques,  but  resul ts  are  not  ent i re ly  addi t ive . Fur thermore,  not  a l l
techniques are compatible with each other.

Propel ler  Dr iven Aircraf t

Noise  mi t igat ing techniques for  propel ler  dr iven a i rcraf t  are  s imi lar
t o  t h o s e  o u t l i n e d  f o r  j e t  a i r c r a f t . The typ ica l ly  lower  noise  output
of  prop-a i rcraf t  and the  s teep descent  capabi l i t ies  of  l ighter  weight
v a r i e t i e s  f a c i l i t a t e  n o i s e  m i t i g a t i o n . in general,
w i t h  j e t  a i r c r a f t ,

the objective,,  as
is  to  keep the  a i rcraf t  h igh.

5-1.1.1.2 TAKEOFF PROCEDURES

Associated with takeoffs are two types of noise; s i d e l i n e and c l i m b -
out . Sideline noise is characterized by engine noise and the effects
of noise reflection caused by structures near runways. S i d e l i n e
noise occurs when an aircraft  is on or close to the ground. Climbout
noise is dominated by engine noise and occurs when an aircraft is
above building height, Contro l led  a i rcraf t  thrust  is  paramount  in
abating both types of noise.
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Most  of  the  fo l lowing takeof f  procedures  wi l l  resul t  in  decreased
noise in one area and increased noise in another. Th is  t radeof f
must be weighed with the patterns of sensit ive and non-sensit ive
land uses to  minimize  detr imenta l  noise  impact .  Again ,  mainten-
ance of the f lying mission and safety must take precedence. Reduc-
ing thrust under some circumstances is unsafe.

Reduced Thrust

Reducing thrust, or lowering the power sett ing, decreases noise.
Reducing thrust at takeoff is the primary method of reducing side-
l ine noise and is one of several methods of reducing climbout noise.
The potent ia l  benef i ts  o f  th is  are  o f fset ,  however ,  by  the ,  greater
d is tances requi red  to  achieve  a  “noise  f ree”  a l t i tude . (Refer  to
F i g u r e  5 - 1 . 1 . 1 . 2 )

F u l l  T h r o t t l e

The use  of  fu l l  throt t le  or  fu l l  power  throughout  takeof f  wi l l  permi t
a maximum climbout angle. More noise wil l  be created near the run-
ways but further down the f l ight track noise wil l  be reduced because
of  increased a l t i tude. ( R e f e r  t o  F i g u r e  5 - 1 . 1 . 1 . 2 )

F lap Set t ing

A steeper ascension angle and reduced thrust are possible if  the f lap
angle  is  reduced af ter  a  prescr ibed ve loc i ty  is  a t ta ined. Both
higher alt i tude and lower power sett ing wil l  reduce noise impact.
(Refer  to  F igure  5 -1 .1 .1 .2 )

Power Cutback

A normal l i ftoff  with a power reduction at a selected point down range
wil l  decrease near range noise and increase far range noise. (Refer
t o  F i g u r e  5 - 1 . 1 . 1 . 2 )

Afterburner Use Modification

Noise  emiss ions dur ing af terburner  use are  s igni f icant ly  h igher  than
when the afterburner is not used. Cessation of afterburner use as soon
as possib le  may resul t  in  lower  exposure  leve ls  beneath  the  f l ight  path .
The reduction may however,  be offset by the greater distance required
to  achieve  a  “noise  f ree”  a l t i tude .

Propel ler  Dr iven Aircraf t

In concept, t h e  t e c h n i q u e s  f o r  j e t  a i r c r a f t  a p p l y  t o  p r o p e l l e r  d r i v e n
a i r c r a f t . Power cutbacks are not as effective, though, because of
lower engine noise levels.
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FIGURE 5-1.1.1.2 NOISE ABATEMENT TAKEOFF PROCEDURES

NORMAL

l

REDUCED THRUST

FULL THROTTLE
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NOISE ABATEMENT
FIGURE 5-1.1.1.2 (CONTINUED) TAKEOFF PROCEDURES

REDUCED FLAP ANGLE

POWER CUTBACK

NOTE: DIAGRAMS ARE GENERALIZATIONS FOR ILLUSTRATIVE PURPOSES ONLY.
l No scale
l In practice the shapes of the contours will differ with aircraft type and operating conditions
l In practice the differences between the solid and dashed contours will differ from thoses illustrated.

That is, the relative merits of any one technique may be more or less than depicted.
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5-1.1.1.3 ROUTING AND RUNWAY USAGE

The locat ion of  f l ight  corr idors  or  routes ,  especia l ly  near  runways
when a i rcraf t  are  c loser  to  the  ground,  is  a  contro l l ing  factor  in
noise pol lut ion. By d ispers ing  corr idors , the amount of area subject
to  noise  and crash potent ia l  wi l l  i n c r e a s e but the severity of the
noise impact wil l  d i m i n i s h . Converse ly ,  f l ight  paths  can be  con-
c e n t r a t e d  i n t o  a  s i n g l ecorr idor , thus decreas ing  the amount of land
af fected  whi le  i n c r e a s i n g the severity of i m p a c t . (Refe
5 - 1 . 1 . 1 . 3 )  

r  t o  F i g u r e

This approach can be varied to handle problems in a particular area or
dur ing a  speci f ied  t ime. Flights can be concentrated into a route
which avoids noise sensit ive areas. Corridors can be changed according
to  the  t ime of  day  so  that  n ight  f l ights  are  routed over  areas  not  used
d u r i n g  t h e  n i g h t .  S i m i l a r l y , changes can be made seasonally to reduce
the effects on facil i t ies which may be used only during certain t imes
of  the  year .

Routing has the advantages of being flexible, comparatively inexpen-
s i v e ,  a n d  p o t e n t i a l l y  v e r y  e f f e c t i v e . T w o  f a c t o r s  c r i t i c a l  t o  r o u t e
changes are as follows:

(1) The location of noise sensit ive areas; and

(2) The constraints to route changes.

Constra ints  may inc lude miss ion requirements ,  o ther  a i r  t ra f f ic ,  p i lo t
and a i rcraf t  capabi l i t ies ,  and FAA approval .

Preferential  runway usage is not as f lexible as route changes but can
be equal ly  cost  e f fect ive .
usage of runways.

Prevail ing winds determine the layout and
When winds are not a factor or there is more than

one runway, then it  may be possible to uti l ize that runway or runway
direction which minimizes adverse impacts on surrounding environs.

5-1.1.1.4 OPERATION SCHEDULING

Noise abatement can be achieved with the distribution of aircraft
operations in a prescribed manner over a defined time period. The
two approaches are as follows:

(1 )  Schedul ing to  rest r ic t  the  number  of  n ight  f l ights;

(2) Scheduling to distribute the number of operations
“evenly” over a t ime period.

People  are  more  sensi t ive  to  n ight  noise;  th is  is  re f lected in  F igure
5 - 1 . 1 . 1 . 4 a  ( r e p r i n t  o f  F i g u r e  3 - 1 . 1 . 2 a ) .  T h i s  g r a p h  c a n  b e  u s e d  t o
calcula te  the  reduct ion in  noise  which resul ts  f rom a  reduct ion in
the  percentage of  n ight  f l ights .
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EFFECT OF ROUTE DISPERSION
FIGURE 5-1.1.1.3 ON NOISE IMPACT

Boundary of Noise
Sensitive Community

NOTE: The noise benefit shown
for multiple path would
not exist if the noise sen-
sitive community were
much closer to the runway.

-Or ig ina l  F l igh t  Pa th

- - - - Abatement Flight Path

Reference 5-35
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FIGURE 5-1.1.1.4a Ldn CHART FOR SINGLE EVENTS

30

20-

15-
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INCREMENTS TO Ldn
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For example, i f  f o r  a  g i v e n  a i r c r a f t  t y p e  t h e r e  i s  a  r e d u c t i o n  i n
night operations from 50 percent to 10 percent (regardless of the
number  of  to ta l  operat ions) ,  the  reduct ion in  Ld n,  which is  ca lcula t -
ed by subtracting the two corresponding numbers on the ordinate
( S E L - Ld n)  ax is ,  is  4 .5  dB. For  more  than one a i rcra f t  type ,  the  to ta l
noise reduction can be calculated using decibel addition. (Refer
t o  F i g u r e  3 - 1 . 1 . 2 c . )

The purpose of the second scheduling approach is to minimize traff ic
peaks which result  in higher noise levels. For example, a t  a n  i n s t a l l a -
tion when there are 10,000 operations per month, there may be 200
operations one day, 1,000 the next,  and so on. If  the number of take-
offs and landings were dispersed evenly over each of the 30 days in a
month, then there should be 333 per day. As demonstrated in Figure
5-1.1.1.4b, the Ld n  on a  333  operat ions day would  be  approximate ly
5 dB l e s s than on a 1,000 operations day, but would also be approxi-
mately 2 dB greater than on a 200 operations day. This approach
can reduce peaks but wil l  not alter the total  monthly noise exposure.

I n f l e x i b l e  s c h e d u l i n g  r e s t r i c t i o n s ,  i . e . ,  b l a n k e t  c u r f e w s ,  h o u r l y
o r  d a i l y  q u o t a s ,  e t c . , can in effect mandate a reduction in total
operations and otherwise interfere with mission accomplishment. For
these reasons, scheduling constraints must be planned with respect
to mission requirements.

5-1.1.1.5 AIRCRAFT OPERATION REGULATIONS

Aircraf t  operat ion regulat ions inc lude l imi t ing a i rcraf t  loads and
prohib i t ing  the  use  of  cer ta in  types of  a i rcraf t . Invoking such con-
s t r a i n t s  t o  a b a t e  n o i s e  w i l l  g e n e r a l l y  c o n f l i c t  w i t h  a i r  i n s t a l l a t i o n
mission.

For  some of  the  nois ier  t ransport  a i rcraf t ,  s teeper  climbout a n g l e s
or  reduced thrust  may be possib le  i f  loads,  inc luding fue l ,  are  l imi t -
ed. Reduced loads and fuel may require greater numbers of flights
(and thus more noise, F igure  5 -1 .1 .1 .4b)  which can of fset  the  bene-
f i ts  o f  reduced thrust . B e c a u s e  Ld n  has a  logar i thmic  base,  leve ls
are  s t rongly  a f fected  by  the  nois iest  a i rcra f t . Consequently,
reassigning the  of fending a i rcraf t  can br ing noise  re l ie f .

5-1.1.1.6 FLIGHT SIMULATORS

M u c h  m i l i t a r y  f l y i n g  t i m e  i s  f o r  t r a i n i n g .  S o m e  t r a i n i n g  f l i g h t s
can be  e l iminated wi th  the  use of  f l ight  s imulators . There
are many simulators in operation and current development trends are
toward more sophisticated and useful designs. Regardless, the
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t r a i n i n g  s i t u a t i o n  r e q u i r e s  e x t e n s i v e  a i r  t i m e . The planner should
be aware that such devices exist and that their use has a bearing on
the noise environment.

5-1.1.1.7 OPERATOR CONTROL

The aircraft  operators are an integral part of any abatement program.
They must fully understand operational abatement techniques - the
rationales as well  as operating procedures. They should always be aware
of  the  locat ion of  noise  sensi t ive  areas .

5 - 1 . 1 . 2 TECHNOLOGICAL CHANGES

Such technological innovations as quieter engines, more powerful
engines  ( for  s teeper  and faster  c l imbouts) ,  or  new types of  a i rcra f t
( l i k e  f i x e d - w i n g  v e r t i c a l  t a k e - o f f  a i r c r a f t )  c a n  b r i n g  r e l i e f  t o
noise affected environments. Wi th in  the  next  decade c iv i l  type  t rans-
por t  a i rcra f t  wi l l  have  quie ter  engines  due to  an  aggress ive  research
and development program. High performance military combat aircraft
are not always suited to this “quiet technology”, because degradation in
performance is usually a by-product of quieting.

There  are  present ly  no  shor t  range ( f ive  to  ten  years)  technologica l
modi f icat ions (other  than the  gradual  rep lacement  of  current  turbojet
a i r c r a f t  w i t h  q u i e t e r  f a n j e t  a i r c r a f t )  w h i c h  a r e  l i k e l y  t o  s i g n i f i c a n t l y
improve the  a i r  insta l la t ion noise  envi ronment . Long range innovations
are probable but cannot be incorporated into current planning.

5-1.1.3 AIR INSTALLATION PLANNING

Beyond operational modifications and technological changes, noise can
be “reduced” at the source by relocating the source away from the
rece iver . I n  p r a c t i c e  t h i s  i s  n o t  a l w a y s  a  v i a b l e  a l t e r n a t i v e . The
locat ions of  a i r f ie lds  are  l imi ted by topographic ,  meteorologic ,  and
other  considerat ions. I n  a d d i t i o n , s u c h  f a c i l i t i e s  r e p r e s e n t  l a r g e
capi ta l  investments . For these reasons the planner should rely on
rece iver  locat ion a l ternat ives  (Refer  to  Sect ion 5 , -3 .1 ,  Receiver  Loca-
t ion)  ra ther  than source  locat ion a l ternat ives .

5 - 1 . 1 . 4 IMPLEMENTATION

The planner has the responsibil i ty for achieving an environment which
wi l l  support  a i rcra f t  operat ions;  therefore ,  extensive  operat ional
a l tera t ions to  abate  noise  may not  be  feas ib le . However, operational
modifications should always be considered where practicable.

As par t  o f  the i r  larger  responsib i l i ty ,  p lanners  are  to  assess
existing and potential  areas of adverse noise impact, When in their
judgment a problem is severe enough to warrant consideration of
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FIGURE 5-1.1.4

SUMMARY OF FIXED WING AIRCRAFT
SOURCE MODIFICATIONS
Potential benefits and Costs

PROCEDURE

Holding and Maneuvering
Altitudes

Traffic Control

POTENTIAL
BENEFITS

Reduced noise
up to descent

Reduced noise in areas
around runway

Reduced fuel consumption

POTENTIAL**
COSTS

No direct costs

Administration

Approach Glide Angle Reduced noise up to Optional automatic
touchdown guidance systems

Initial Approach Reduced noise up to No direct costs
Altitude descant

Flap Setting Reduced noise up to No direct costs
touchdown

Reduced fuel consumption

Flap and Gear Reduced noise up to
Extension point of extension

Optional automatic
extension equipment

High Speed.

Regulated Thrust
Reversals

Reduced noise up to
landing field

Reduced noise in
runway area

Automatic landing
systems

Runway lengthening
More taxi time

Reduced Thrust Reduce noise in
runway area and
close downrange+

Decreased fuel
consumption

Increased noise far
downrange*

Training Simulators Reduction of noise in all
areas

Cost of simulator

* Close and far downrange are relative terms referring to the proximity of the areas under the flight path
to the runway. Close-downrange is the area nearest the runway and far-downrange is the area beyond
(Refer to Figure B-1.1.1.2).

** There are any number of potential coats fend banefits) for each procedure. Costs might also include
technique development, staff time, pilot training, mission interference, etc.
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ai rcraf t  operat ions modi f icat ion (summar ized in  F igure  5 -1 .1 .4 ) ,  they
should present a statement of the problem and their recommendations for
abatement to their commanding off icer,  who wil l  forward it  through
appropr ia te  channels  for  resolut ion. Variables which should be
appraised in determining problem severity include the following:

o number of persons adversely affected

o degree to which standards are exceeded

o probable cost of solving/avoiding problem

o potent ia l  shor t  and long term costs  of  inact ion

o possible mitigating measures (pros and cons)

This general procedure can be used for each noise source mentioned
hereaf ter : r o t a r y - w i n g  a i r c r a f t , a i rcraf t  ground operat ions,
impulse noise sources, motor vehicles, rai lroads, and fixed sources.

5 - 1 . 2 AIRCRAFT NOISE - ROTARY-WING

The methods of  abat ing rotary-wing a i rcraf t  no ise  are  s imi lar  to  those
f o r  f i x e d - w i n g  a i r c r a f t . The primary distinctions between rotary-and
f ixed-wing noise  are  the  source  of  the  noise  and the  noise  leve l .  The
techniques presented below are summarized in Figure 5-1.2.

The rotor  system and the  engine  are  pr inc ipa l  ro tary  wing a i rcraf t
noise sources. Although absolute noise levels are approximately one-
half  those generated by jet transport,  the throbbing of blade slap
and rotor rotational noise increase annoyance.

5 - 1 . 2 . 1 OPERATIONAL MODIFICATIONS

The maneuverabil i ty, v e r t i c a l  f l i g h t ,  t a k e o f f  a n d  l a n d i n g  c a p a b i l i -
t i e s  o f  r o t a r y - w i n g  a i r c r a f t  p e r m i t  g r e a t e r  f l e x i b i l i t y  t h a n  f i x e d -
w i n g e d  a i r c r a f t ; the opportunity to employ operational modifications
is limited. T h e  o b j e c t i v e  o f  t h e  i n s t a l l a t i o n  p l a n n e r  i s  t o  c r e a t e
an envi ronment  that  wi l l  support  a i rcraf t  operat ions. Degradation
of  miss ion or  safety  is  not  permissib le . The fo l lowing br ie f
descriptions of operational modifications are included to augment
the planner’s general knowledge of abatement techniques.

5 - 1 . 2 . 1 . 1 TAKEOFF AND APPROACH PROCEDURES

At takeoff,  noise can be mitigated by maximizing the climbout angle .
The sample  case depicted in  F igure  5 -1 .2 .1 .1  exempl i f ies  the  resul ts
obta inable  for  one type of  a i rcraf t  under  var ious takeof f  condi t ions.
Unl ike  f ixed-wing a i rcra f t ,  power  cutbacks  a t  takeof f  are  not  feas ib le .
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During descent, annoying blade slap noise from the large rotor is at
a maximum for a narrow range of airspeeds and descent rates. The
blade slap regime can be avoided by an approach which combines the
best approach angle, speed and blade loading condition for the specific
helicopter model involved,

5-1.2.1.2 AIRCRAFT OPERATION REGULATIONS

There  are  severa l  a i rcra f t  operat ion  regula t ions which can mi t igate
noises. These include: avoidance of  sharp  turns,  u t i l i za t ion of
optimum cruise speeds and motor rpm, uti l ization of high altitude
l o c a l i z e r  f l i g h t  f o r  i n s t r u m e n t  t r a i n i n g ,  a n d  r e s t r i c t e d  u t i l i z a t i o n
o f  t h e  n o i s i e s t  a i r c r a f t . Maintenance of a h i g h  a l t i t u d e  i s  t h e  b e s t
in-f l ight abatement procedure. ( It  is recommended that rotary and
fixed winged aircraft f lying Visual Flight Rules keep at a minimum
of 2,000 feet above noise sensitive areas - FAA Advisory Circular
9 1 - 3 6 . )  O t h e r  r e g u l a t i o n s  i n c l u d e  l i m i t i n g  a i r c r a f t  l o a d  a n d  p r o -
h i b i t i n g  t h e  u s e  o f  c e r t a i n  t y p e s  o f  a i r c r a f t .  R e f e r  t o  S e c t i o n
5-1 .1 .1 .5 ,  A i rcraf t  Operat ion Regulat ions (F ixed Wing Aircraf t )
for  fur ther  d iscussion.

5-1.2.1.3 ROUTING AND RUNWAY USAGE

When low alt itude f l ights are integral to mission accomplishment,
then route modification should be investigated. Where possible,
f l ight corridors should avoid or, at a minimum, be down wind of sensi-
tive areas. The use  of  runways,  par t icu lar ly  the  locat ion  of  the
takeoff and touchdown points, should  be  based on th is  la t ter  cr i ter ia .
The comments in Section 5-1.1.1.3 Routing and Runway Usage (Fixed
Wing Aircraf t )  apply .

5-1.2.1.4 OPERATION SCHEDULING

Refer  to  Sect ion 5-1 .1 .1 .4 ,  Operat ing Schedul ing (F ixed Wing) ,  for
discussion of night operation and scheduling.

5-1.2.1.5 FLIGHT SIMULATORS

Rotary wing f l ight simulators have been developed and are in use.
These devices can result in reduced noise levels by obviating the
need for some fl ights.

5-1.2.1.6 OPERATOR CONTROL

The comments in Section 5-1.1.1.7 Operator Control (Fixed Wing Air-
c r a f t )  a p p l y .
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5 - 1 . 2 . 2 TECHNOLOGICAL CHANGES

There  are  severa l  s ign i f icant  ro tary-wing a i rcra f t  technologica l
innovations in the research and design phase which could have an
impact on noise environments. There are l ikely to be changes in
convent ional  a i rcra f t  and the  in t roduct ion  of  new types of  a i rcra f t .

Two predominant noise sources of rotary-wing aircraft  are blade slap
and rotor  rotat ional  noise . Blade slap is caused by the compressi-
bil i ty phenomena occurring on the advancing rotor blade during high
forward speeds. During hover and at low speeds the sound is created
by an in teract ion  of  the  vor t ices of the preceding blades with the
oncoming blades. (Refer  to  Sect ion 3-3 .1 .1  Ai rcraf t  Noise  Sources,
Rotary-Wing. )  Decreased rotor  t ip  speeds together  wi th  specia l ly
designed blades can suppress slap. Increasing the number of blades
wi l l  prov ide  the  same l i f t  capabi l i t ies  a t  reduced rotor  speeds,
thus reducing slap. M a i n  a n d  t a i l  r o t o r  r o t a t i o n a l  n o i s e  i s  s i m i l a r
to blade slap and, therefore, can be diminished in the same manner.
Quieter rotor systems have been designed and are undergoing further
development and testing.

Increased blade t ip speed results in increased forward speed and
increased helicopter noise. Thus,  there  is  a  t rade-of f  between he l i -
copter performance and economics and noise. However, compound heli-
copters, which have auxi l iary  engines for  forward f l ight  (a l lev ia t ing
the dependence on the rotor for such capabil i ty) are not subject to
t h i s  t r a d e o f f . The compound configuration permits greater forward
speeds and more  e f f ic ient  l i f t  and wi thout  great  increases in  noise
output . Greater  appl icat ion of  th is  vehic le  could  be  a  par t ia l  a id
in reducing noise problems.

Vertical  take-off  and landing (VTOL) technology is advancing. One of
the most promising developments has been the t i l t  rotor vehicle which
combines the  best  character is t ics  of  the  rotary  and f ixed wing a i rcra f t .
The eventual  widespread ut i l i za t ion of  such vehic les  could  radica l ly
a l t e r  i n s t a l l a t i o n  n o i s e  s i g n a t u r e s .

Also of  potent ia l importance are short take-off and landing (STOL)
a i r c r a f t . In  addi t ion,  quiet  engines are  be ing tested for  possib le
use in  l ight  weight  he l icopters . These innovations are at varying
states of development.

After new aircraft becomes operational,  there are delays, sometimes
lengthy,  before  s igni f icant  changes are  rea l ized in  the  noise  envi ron-
ment because of f inal modification and production t imes and phased
replacement  of  o lder  a i rcraf t . The planner should be aware of what
is being developed for middle and long-range planning purposes.
( R e f e r  t o  F i g u r e  5 - 1 . 2 . 2 . )
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ESTIMATED NOISE REDUCTION
FIGURE 5-1.2.2 POTENTIAL FOR HELICOPTERS

Noise Reduction (dB)*

Time Period

Heavy
Transport

Helicopters

Light and
Medium

Turbine-Powered
Helicopters

Light-Piston-
Powered

Helicopters

Potential in 1977
Utilizing Available
Production Methods

Potential by 1985
Utilizing Current
Industry Trends

Potential by 1980 to 1985
Utilizing Demonstrated
or Advanced Technology

0 5 10

10 15 10

10 17 20

Reference 5-36
 * Noise reduction relative to typical 1973 noise levels in dBA at 1000 feet
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FIGURE 5-1.2

SUMMARY OF ROTARY WING
SOURCE MODIFICATIONS
Potential Benefits and Costs

PROCEDURE POTENTIAL BENEFITS

Climbout  Angle Reduced noise in all areas

Flight Altitude Reduced noise up to descent

Route Modifications Reduced noise in area A

POTENTIAL COSTS*

No direct cost

No direct cost

Increased noise in
area B

Noise Abatement
Approach Trajectory

Operation Scheduling

Reduced blade slap

Reduced noise at certain times

No direct cost
Increase pilot workload

Increased noise at
certain times

Installation Planning Reduced noise in all areas Airfield modifications,
cost of new hardware,
safety, convenience

*There are any number of potential costs (and benefits) for each procedure. Costs might also include
technique development, staff time, pilot training, mission interference, etc.
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5 - 1 . 2 . 3 AIR INSTALLATION PLANNING

Besides operational modifications and technological changes, perceived
noise. levels can be reduced by separating the source from the recipient.
G e n e r a l l y ,  a s  w i t h  f i x e d  w i n g  a i r c r a f t ,  i t  w i l l  b e  b e s t  t o  c o n s i d e r
noise  rece iver  ra ther  than the  noise  source  locat ional  a l ternat ives .
However, s ince  rotary  wing a i rcra f t  requi re  l i t t le  space for  touchdown
a n d  t a k e o f f  t h e r e  i s  a  d e g r e e  o f  l o c a t i o n a l  f l e x i b i l i t y  f o r  o p e r a t i o n s ,
but safety and operational eff iciency conditions must be considered.
Many military helicopters are single engine type which require
unrestricted ingress and egress conforming to established helipad
c r i t e r i a . In  addi t ion ,  there  is  a  t radeof f  between the  inconvenience
created by  separat ing the  s i te  o f  operat ions f rom support  fac i l i t ies
and the  resul tant  reduct ion in  noise .

5 - 1 . 3 AIRCRAFT NOISE-GROUND OPERATIONS

Aircraf t  ground operat ions consist  o f  maintenance act iv i t ies ,  where
engines may be installed in or “ f r e e ”  f r o m  a i r c r a f t ,  a n d  p r e - t a k e o f f
operations. For equal noise exposure ( in terms of SEL),  noise from
ground operations is generally more annoying than the noise of air-
c r a f t  i n  f l i g h t . I t  has  been theor ized that  indiv iduals  be l ieve  a i r
insta l la t ion of f ic ia ls  have greater  contro l  over  ground operat ions
and that much of the noise is unnecessary, and therefore, is more
annoying. The s i tuat ion is  aggravated by  n ight t ime ground runup
noise .

The duration and type of engine runup will  vary widely during mainten-
ance operations. Typical operations may consist of two or three runups
at mil i tary power lasting from 5 to 10 minutes each. Af terburner  opera-
tions may last from a few seconds up to a minute or more.

To reduce the  impact  f rom ground runup noise, the f irst factors to
be considered are:

(1) Engine runup test schedules; and

(2) The location and orientation of powercheck pads and
engine test stands.

Engine runup schedules should be reviewed to insure that operations,
especia l ly  nocturnal , occur at those sites which have the least
impact  on noise  sensi t ive  areas  or  act iv i t ies . Because of the pro-
n o u n c e d  d i r e c t i o n a l i t y  o f  runup noise  ( re fer  to  F igure  3 -4 .1 .1 .a )
orientation as well  as location of runup s i tes  must  be  considered
when noise is to be reduced in a particular area.
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I f  o r i e n t a t i o n ,  s i t i n g , and scheduling cannot be used to reduce noise
impact,  then consideration should be given to an effective but gener-
ally more expensive solution: noise suppressors. There are three
varieties of ground maintenance noise suppressors:

(1) P o r t a b l e . Portable noise suppression equipment can be
used with some engines not equipped with afterburners.

(2) Demountable (semi-permanent).  All  components of these
u n i t s , wi th  possib le  except ion of  the  in take  muf f lers ,
are constructed in sections and designed for assembly
o n  s i t e . Depending on the specific requirements, the
intake mufflers may be either demountable or portable.

(3) Permanent (Typically concrete construction.) Permanent
insta l la t ions may consist  o f  a  f ixed muf f ler  system,
wi th  a i rcra f t  exposed, or a muffler system combined
wi th  a  to ta l  enc losure  for  the  a i rcra f t  or  engine .

Typical demountable noise suppression equipment consists of an exhaust
noise  muf f ler ,  secondary  a i r  in take  and enclosure ,  pr imary  a i r  in take
system, cooling water system and controls, control house, and aircraft
tiedown system. Generally, ground runup noise suppression equipment
is cooled by aspirated air at al l  engine power sett ings up through
military power, Water  is  typ ica l ly  requi red for  cool ing the  exhaust
muffler of noise suppressor systems during afterburner power opera-
t ions. For discussion within this manual,  ground suppression equip-
ment is classif ied according to three grades of acoustical performance:

Approximate Maximum A-Levels*
Grade (along 250 ft .  measurement circle)

I 77  dB

I I 89

I I I 99

*Actual  cr i ter ia  are  speci f ied  in  terms of  octave band SPL’s .

Usually, Grade I  performance is only possible with permanent con-
st ruct ion. Current demountable equipment provides Grade II perform-
ance. Por table  equipment  for  s ingle  engine  non-af terburner  a i rcraf t
provides Grade I I  performance. Portable equipment anchored by direct
attachment to multi -engine aircraft  (C-135, C-141, B-52 and C-5A
type a i rcraf t )  provides Grade I I I  per formance.
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The effectiveness of portable and demountable suppressors is mitigated
by leakage in the seals between the suppressor and the airframe ex-
haust and intake openings. Unless acoustical leaks can be eliminated,
suppressor design goals cannot be achieved. Tota l  a i rcra f t  enc losures
eliminate the need for close coupling of suppressor systems to the
a i r f rame. However,  enclosures are expensive ($1.5 to 3 mi l l ion)  due
to  the i r  s ize  and specia l  construct ion requi rements .

The use of noise suppression equipment for engine runups will  increase
the time and number of maintenance personnel required. T ime is  re -
quired to tow and t ie-down aircraft  and attach the si lencing system.

Additional information on suppressors is contained in References 5-28, & 5-6.

5 - 1 . 4 IMPULSE NOISE

Impulse or blast noise is characterized by a sound pressure wave
which abruptly peaks and then slowly decays and, in the case of a sonic
boom, peaks once again. There are two primary impulse noise sources:
supersonic aircraft  and w e a p o n s The nature of the noise and poten-
tial abatement techniques or each source vary widely.

Sonic booms are of lower intensity than weapon noise, which has broad
spectra l  character is t ics . While each source can cause disconcerting
vibration and startl ing, noise from weapons, due to the spectral
d i f ferences, is more annoying.

5 - 1 . 4 . 1 SON I C BOOMS

Sonic booms result from supersonic overfl ights occurring in designated
supersonic corridors/areas. From a source modification standpoint,
the planners should concern themselves with the location of such
corr idors /areas, t h e  p o s s i b i l i t i e s  f o r  r e r o u t i n g ,  a n d / o r  i n c r e a s i n g
f l i g h t  a l t i t u d e .

5 - 1 . 4 . 2 WEAPONS

 Opportuni t ies  for  abat ing explos ive  noise  a t  the  source  are  l imi ted.
Blast  noise  cannot  be  reduced and muf f l ing  ar t i l le ry  p ieces reduces
range and accuracy. The most effective approaches to reducing
weapon noise are:

(1 )  Regulat ing operat ing hours:  To reduce noise  in t rus ion
d u r i n g  n o i s e  s e n s i t i v e  h o u r s ,  e . g . ,  n i g h t t i m e  i n  r e s i -
dent i al areas, c l a s s  t i m e  i n  i n s t r u c t i o n a l  a r e a s ,  e t c . ,
a temporal analysis should be made of potentially
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af fected noise  sensi t ive  act iv i t ies  and miss ion
requirements. This  analys is  wi l l  ind icate  when
there are noise confl icts and where operation times
of the noise source and/or receiver might be altered.

(2) Remote range locations: Separating the noise source
from the receiver is a possible attenuation technique
where space permits. In addition to land requirements,
consideration must be given to the cost of moving opera-
t i o n s , possible added cost of operating at a less
convenient site,  possible mission degradation, and
new noise problems relative to existing development
and potential development needs near the new range.

(3) Restrictions during worse focusing conditions: A temp-
erature  invers ion layer  and cer ta in  other  condi t ions of
temperature gradients and wind velocity and gradients
will cause sound waves to be focused back toward the
ground. These local conditions should be identif ied and
monitored and operations modified accordingly, where
possible.

5 - 1 . 5 VEHICULAR TRAFFIC NO I SE

Although generally not as intense, vehicle noise is more prevalent
than aircraft  and impulse noise. This section is subdivided according
to  the  two c lass i f icat ions of  motor  vehic les: street and combat.
Vehicles normally operated on paved roadways are defined as street
vehic les . Automobiles, pickups, jeeps, and diesel trucks whether
they  are  pr ivate ly  or  mi l i tary  owned fa l l  in to  th is  category . Combat
vehicles are defined as vehicles which are operated by the mil itary
and function off  of roadways. This  inc ludes mi l i tary  s t reet  vehic les
when operating off  of roadways and al l - terrain vehicles.

The noise source abatement techniques discussed below are primarily
vehicle or roadway related and vary within each vehicle class. These
techniques include:

(1) Vehicle design, operation and maintenance; and

(2) Route design, maintenance, and location.

These techniques are summarized in Figure 5-1.5.
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5 - 1 . 5 . 1 STREET VEHICLES

As stated in Section 3-6.1.1 Noise Sources (Motor Vehicles),  street
vehic les  can be  d iv ided in to  three  d is t inct  c lasses:  l ight  t rucks
and automobiles, medium trucks, and heavy trucks. The vehic les  in
each class generate the same approximate noise levels, but deviant
vehicles (those that are especially noisy because of poor mainten-
ance,  poor  muf f l ing,  e tc . )  s t rongly  impact  the  roadside noise
environment.

5-1.5.1.1 VEHICLE NOISE CONTROL

Noise  generated by  vehic les  can be  abated to  a  degree .  Mi l i tary
vehicles can be maintained to insure that engines are well  tuned,
that exhaust system components are operating eff iciently,  and that
q u i e t e r  s t y l e  t i r e s  a r e  i n s t a l l e d  a n d  w e l l  m a i n t a i n e d .  P r i v a t e l y
owned vehicles which are blatant noise sources can be controlled with
pol ice  type regulat ions, such as  c i ta t ions for  fau l ty  muf f ler  systems.
The noise from improperly maintained vehicles can be controlled,
but  there  is  l i t t le  that  can be  done to  reduce the  composi te  e f fect
of many vehicles in optimal operating condition. For this reason
roadway related abatement techniques, as well  as vehicle related
techniques, must be uti l ized.

5-1.5.1.2 NOISE CONTROL ALONG THE ROADWAY

Roadway Grad i en t

Grades can cause signif icant increase in heavy truck noise (up to
8  dB) ,  as  indicated in  F igure  3 -6 .2 .2a .

Stop-and-Go Traffic

The e f fects  o f  s top-and-go t ra f f ic  are  a  funct ion  of  t ruck-automobi le
t r a f f i c  m i x . A slight percentage of slow moving commercial vehicles
wi l l  increase  the  noise  of  s top-and-go t ra f f ic . I t  i s  g e n e r a l l y  f e l t
by  exper ts  that  where  there  is  a  typ ica l  mix  o f  heavy  t rucks  (2  to  4
percent ) ,  moderate  and s teady speed f reef low t ra f f ic  wi l l  be  quie ter
than s top-and-go t ra f f ic . The means to calculate the noise level
reduction has not yet been developed. Freef low can be  fac i l i ta ted
through the use of any number of typical engineering modifications,
e .g . ,  computer ized s ignals , e l iminat ion of  unnecessary  ar ter ia l  s tops,
road widening to prevent bott lenecks, one-way streets,  etc.
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Traffic Volume and Speed

Vehic le  noise  is  a  funct ion of  t ra f f ic  vo lume and speed.  The Leq
nomograph for  s t reet  vehic les  (F igure  3 -6 .2 .1a)  i l lust ra tes  the
fo l lowing re la t ionships:

o For  a l l  vehic le  types, noise  leve ls  increase as  vehic le
volume increases;

o For heavy trucks ,  noise  leve ls  decrease s l ight ly  as
vehicle speed increases; and

o For automobiles and medium trucks, noise levels
increase as vehicle speed increases.

Considering traff ic volume, if  roads are constructed or modified to
accommodate less traff ic,  then sideline noise wil l  decrease, but this
reduction must be weighed against the added expenditure of construct-
ing a greater number of roads and the possibil i ty of exposing a
greater  number  of  persons to  t ra f f ic  noise .  L imi t ing t ra f f ic  speeds
can also reduce noise (depending on the truck-auto mix).

Routing

Rout ing or  rerout ing t ra f f ic  to  avoid  a  noise  sensi t ive  land use
can be an effective abatement technique. Rerouting may consist of
constructing a new roadway or rechanneling traff ic on existing road-
ways. Heavy trucks deserve individual attention in terms of special
routes  inc luding a l ternate  n ight  routes .

Roadway Configuration

Noise can be abated by elevating or depressing a highway. The net
e f fect  is  the  same as  that  o f  a  no ise  barr ier . (The method for cal-
cu la t ing noise  reduct ion by  e i ther  technique is  presented in
S e c t i o n  5 - 2 . 1 . 4 . )  F i g u r e  5 - 1 . 5 . 1 . 2  i s  a  g e n e r a l i z e d  i l l u s t r a t i o n
of the benefits that can be derived from various typical highway
conf igurat ions. (This f igure should not be used for abatement
evaluation..) For the example shown, in comparison with a roadway
at grade, at distances in excess of 100 feet,  the depressed roadway
wi l l  be  approximate ly  5  to  7  dB quieter ,  and wi th in  the shadow
o f  t h e  e l e v a t e d  r o a d w a y  i t  w i l l  b e  f r o m  0  t o  7  dB q u i e t e r .

Roadway Surface

As stated in Section 3-6.2.2, a roadway which Is unusually rough due
to broken pavement or large voids or transverse grooves wil l  cause a noise
level increase of about 5 dB.
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NOISE REDUCTION
PRODUCED BY VARIOUS

FIGURE 5-1.5.1.2 HIGHWAY CONFIGURATIONS *

180020 30 40 50 60 80 100 200 300 400 800 
DISTANCE FROM CENTERLINE OF LANE (FEET)

I - -

Reference 5-33
* Generalized figure; do not use for noise reduction

calculations (Refer to Section 5-2.1.4)
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5-1.5.1.3 SCHEDULING

Roadway vehicle noise levels are directly related to peak hour vehicle
volume;  the  lower  the  volume,  the  lower  the  noise .  This  re la t ionship
is  i l lust rated in  the  nomographs for  manual  noise  leve l  ca lculat ion
in  Sect ion 3-6 .2 .1 ,  Determining Leq for  a  S impl i f ied  Roadway.  Peak
volume can be manipulated through routing (described previously) or
scheduling. A temporal analysis of noise sensitive functions and
periods of noise peaking wil l  i l lustrate where scheduling changes may
be useful. Major peaks typically occur before and after work hours.
These can be “flattened out” by staggering work hours.

5-1.5.1.4 IMPLEMENTATION

To minimize costs and the detrimental effects of noise, abatement
planning should occur on the drawing board before a problem is created.
Implementation of the following procedures wil l  help in achieving this
end.

(1) Roadway designers and traffic engineers should understand
the  noise  rami f icat ions of  roadway design and t ra f f ic
f low. They should know where noise sensitive areas are,
how to determine noise impact, and how to mitigate the
ef fects  o f  no ise .

(2 )  The potent ia l  no ise  impact  o f  a l l  a l ternate  des igns
should  be  ca lcu la ted ( re fer  to  Sect ion 3 -6 .2 ) .

(3 )  The  costs  (do l lar  and otherwise)  o f  amel iorat ing
adverse impacts should be determined.

(4) The above information should be incorporated into the
f ina l  des ign se lect ion process.

(5) The planner should monitor this process to insure that
the noise environment receives proper consideration.

In the case of an existing problem, studies should be made to ascer-
t a i n  t h e  f e a s i b i l i t y  o f  r e r o u t i n g ,  r e s u r f a c i n g ,  a n d / o r  r e d u c i n g
s t o p - a n d - g o  t r a f f i c ,  t r a f f i c  s p e e d ,  a n d  t r a f f i c  v o l u m e . Implementa-
t ion  s t ra tegies  should  be  invest igated concurrent ly . Often these
types of abatement techniques can be implemented at moderate expense.
For example, resurfacing can be coordinated with routine maintenance
resurfacing. Modifying grades and roadway configurations and con-
structing roadways in new routes are costly and normally wil l  not be
viable approaches to ameliorating an existing problem. Abatement
analysis should address not only direct costs but delay t ime costs,
effects on fuel consumption, and other factors typical to engineering
cost-benefit  analyses.
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5 - 1 . 5 . 2 COMBAT VEHICLES

Combat vehicles are classif ied as transport and weapon types. Tracked
and wheeled vehicles in either class are generally noisier than heavy
trucks.

5-1.5.2.1 VEHICLE NOISE CONTROL

The nois iest  vehic les  are  l ike ly  to  be  those that  have poor ly  mainta in-
ed engines and running components. At a minimum, muffler and intake
systems should be checked and engines tuned. Beyond typical mainten-
ance, noise can be reduced by uti l izing sound absorbing material in engine
compartments and additional exhaust and intake mufflers or baff les.

Several types of vehicles are equipped with auxil iary equipment such
as pumps and compressors. These noise sources should be treated as
f ixed sources.  Quiet  motors , enclosures, and other measures out-
l ined in  Sect ion 5-1 .7  are  appl icable .

5-1.5.2.2 NOISE CONTROL IN THE FIELD

There are four areas of opportunity for operational modifications 
reduce noise exposure:

ions to

(1) vehicle speed and volume;

(2) scheduling;

(3 )  rout ing;  and

(4) operator awareness.

As i l lust rated in  F igure  3 -6 .2 .1b,  for  both  t ransport  and weapons
vehic les , noise exposure increases as either vehicle speed or volume
increases. Thus, speed restrictions and scheduling modifications,
to reduce “peaks” in traff ic volume, can reduce noise. Addit ional
scheduling modifications might include regulating operations in noise
sensit ive areas during “sensit ive” hours of the day.

In some cases, noise abatement can be achieved through relocation
of routes and maneuver areas that create a noise nuisance. I n  a l l
cases, operators of noisy equipment should be made aware of problems
(or potential problems) so they can modify their actions accordingly
as  pract icable .
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FIGURE 5-1.5
SUMMARY OF VEHICLE SOURCE MODIFICATIONS

Potential Costs and Noise Reductions

TECHNIQUES

Reduced Roadway Gradient

POTENTIAL
NOISE REDUCTION

0-8dB
(Fig. 3-6.2.2a)

POTENTIAL COSTS*

Increased construction costs

Stop-and-Go Traffic 0-20dB Computerized signals
Rerouting on existing roadways
Street widening

Reduced Traffic Volume (Fig’s. 3-6.2.1a & b) More noise elsewhere
Road underutilization
Road investments elsewhere

Reduced Speed

Roadway Surface

Routing

(Fig’s, 3-6.2.1a  & b)

0-5dB

Reduced noise in area A

Delay time

Resurfacing

New circulation on existing
roads--signing and strip costs
Increased noise in area B

Depressed Roadways

Elevated Roadways

Vehicle Maintenance

Ancillary Equipment
Noise

0-10dBA

0-10dBA

Variable

0-15dB

Increased construction costs

Concrete structure $60 - $100 sq.ft.

Added maintenance labor&material

Absorptive material
Damping material
Barriers
Enclosures
Quiet engines

Scheduling Regulations Variable Administration
Possible delay time

Remote Operation Reduced noise
in one area

New support facilities
Increased noise in another area

*There are a number of potential costs (and benefits) for each procedure. Costs might also include mission interference,
decreased production, staff time, etc.
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5 - 1 . 6 RAILROAD NOISE

There are two main types of rai lroad operations: line and yard. The 
noise from these operations consists of a locomot ive  component and a
car component. Reviewing br ie f ly  Sect ion 3 -7 ,  Ra i l road Noise:

(1 )  Locomot ive  l ine  noise  is  a f fected pr imar i ly  by  grades;

(2 )  Car  l ine  noise  is  a f fected by  ve loc i ty ,  curves,  br idge
st ructures , r a i l  d i s c o n t i n u i t i e s , and wide and/or uneven
r a i l  j o i n t s ;

(3 )  Locomot ive  yard  noise  is  a  funct ion of  id l ing t ime;

(4) Car yard noise consists of coupler impacts and wheel-
ra i l  in teract  ion noise .

Axle differentials, improved car brakes, rubber wheel webs, engine
modifications and other roll ing stock improvements wil l  reduce source
noise, but the planner is l ikely to have more control over abatement
and obta in  bet ter  resul ts  by  ensur ing that  t racks  are  constructed in
the best manner and are well maintained and that operations do not
occur during noise sensitive hours.

Speci f ica l ly ,  w e l d e d r a i l s can reduce noise  up to  8  dB.  An addi t ional
1 to 2 dB can be  achieved by  g r i n d i n g  r a i l s  f l a t  a n d  s m o o t h . V i b r a t i o n
noise can be reduced several decibels by coating the rai l  web with
an appropriate v ibrat ion damping compound or by-using rail fasteners
to reduce transmission to structures. Concrete  t rack  beds are slight-

l o s t  s i g n i f i c a n t  r e d u c t -ly  quie ter  than wooden t ies  and ba l last .  The  
ion in noise, 5 to 25 dB, can be obtained by e l i m i n a t i n g  t i g h t  r a d i u s
curves. (Refer to summary Figure 5-1.6.)

In  addi t ion to  modi fy ing t rack systems,  or  opt imal ly ,  insur ing noise
c r i t e r i a  a r e  i n c o r p o r a t e d  i n  i n i t i a l  d e s i g n ,  t h e  p o t e n t i a l  b e n e f i t s
of scheduling should be investigated. Siding and spur operations
will  usually be more adaptable to scheduling controls than l ine opera-
t ions. (See Reference 5-25. )

5 - 1 . 7 FIXED NOISE SOURCE

Noise sources operated at a stationary site,  commonly within a struct-
ure, are defined as f ixed sources. Power plants, maintenance shops,
machine shops, and wind tunnels, are noise generators in this category.

In the discussion of source modifications which follows, machinery and
the structure in which it  is housed are treated as the source. The
source is so described because the planner has noise environment
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FIGURE 5-1.6
SUMMARY OF RAILROAD SOURCE MODIFICATIONS

Costs and Potential Noise Reduction

TECHNIQUES
NOISE

REDUCTION
(at 100 feet)

MAJOR COSTS (1976 dollars)

(Typical Railroad
Construction)

Main line (wooden ties, jointed
rail - without grading)
$25 - 40/LF

(Turnouts)

(Crossings1

$4,500 - $8,000 each

Major street $40,000
Minor street $30,000

Welded Rails 4-8dB $4 - 7/LF (plus above construction
costs)

Concrete Ties

Eliminating Tight
Radius Curves

Rail Grinding

Scheduling

0-2dB

5-25dB

1-2dB

Reduced
noise at
certain times

$20/LF  (plus above construction

$3 - 5/LF (plus above construction
costs)

Grinding

Administration
Possible delay time
Increased noise at certain times
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responsibil i ty when fixed sources impact areas beyond their immediate
conf ines,  e .g . ,  shop or  p lant  wal ls . The health and welfare of equip-
ment operators and other workers within a noise source structure are
pr imar i ly  the  responsib i l i ty  of  the  medica l  serv ices.

Stationary Engine Design

Proper  in i t ia l  des ign is  the  most  e f fect ive  approach to  e l iminat ing
machinery noise at the source. There are a limited number of meas-
ures that can be taken with existing machinery. Where engines are the
dominant noise source, a  specia l ly  designed a i r  in - take  muf f ler  or  a
“motor mute” can reduce noise levels up to 10 dB at the operator
posi t ion. The installation of a new quieter engine would be an effect-
ive but more expensive solution.

V i b r a t i o n  I s o l a t i o n

V i b r a t i o n  o f  l a r g e , thin metal machinery guards is a common noise
source. This effect can sometimes be checked by:

(1) Moving the points of panel attachment from vibrating
elements of the machine to other, more stable points
of  the  f rame;  or

(2) Replacing solid metal sheets with perforated ones
which wi l l  not  rad ia te  noise  as  readi ly .

Machinery  r ig id ly  a t tached to  f loors  or  wal ls  can create  a  loud-
speaker  e f fect  which can be  mi t igated wi th  the  insta l la t ion  of  rubber
or  other  res i l ient  type mount ing b locks. Up to 15 dB. reduction at
the  operator  posi t ion is  possib le .

Energy Absorption

Indoor reverberant noise can be reduced to a l imited degree (3 to
5 dB a t  removed locat ions)  wi th  the  use  of  “acoust ica l  t reatment”
or absorbent materials on walls and ceil ings. Several decibels
reduction can be achieved by affixing dampening materials to vibrat-
ing surfaces such as large pipes or equipment housing walls,  etc.
These materials convert vibratory energy to heat.

Barriers and Enclosures

Dramatic noise reductions are possible with sound barriers and
equipment enclosures. These devices best reduce high frequency
noise (above 500 Hz). Where  a  s l ight  reduct ion in  noise  is  required
a sheet of laminated glass or plastic may be sufficient.
Barriers several feet wide and high may provide 10 to 15 dB a t t e n u -
a t i o n .
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Although noise may be reduced on one side of a barrier,  i t  may be
ampl i f ied  on the  other  s ide  due to  re f lect ion. Absorbent material
on the  noise  source  s ide  of  the  barr ier  wi l l  par t ia l ly  d iss ipate  sound
energy and reduce re f lect ive  qual i t ies .

Elaborate and expensive total enclosures can reduce machinery noise
by 30 to 50 dB. This reduces access to machinery and, therefore,
w i l l  r a r e l y  b e  v i a b l e . Access openings usually lessen effectiveness
to  a  10  to  20  dB r e d u c t i o n . In some instances, it may be possible
to enclose both equipment and operator. Whi le  th is  has posi t ive
ef fects  on the  overa l l  no ise  envi ronment ,  the  worker  ins ide  wi l l  not
b e n e f i t . Small machines can be enclosed in a “glove box” container
which has openings for a worker’s hands. Depending on the size of the
opening, noise reduction may be 5 to 15 dB. (Refer to summary Figure 5-1.7.)

5 - 1 . 7 . 1 CONCLUSION - IMPLEMENTATION

The potent ia l  reduct ions in  noise  c i ted  prev iously  do not  incorporate
the reductions afforded by a structure in which the noise source may
be located. Refer to Section 5-2.2, Soundproofing, and consider the
effects of “inverse soundproofing”, that  is  conta in ing noise  ins ide
a bui ld ing ra ther  than keeping i t  out .

As with other abatement techniques, a combination of measures will
often bring the maximum results, but  the  potent ia l  no ise  reduct ions
of  each separate  technique are  not  d i rect ly  addi t ive .

Procedurally, a f t e r  a  p r o b l e m  i s  i d e n t i f i e d ,  t h e  i n s t a l l a t i o n  B i o -
environmental Engineer or Health and Environment Officer should
measure the noise environment. The planner should then assess the
problem and recommend a solution or solutions for appraisal and
implementation. The determinat ion and insta l la t ion of  appropr ia te
abatement devices must be done by acoustical experts: persons who
are experienced in acoustics and famil iar with the hundreds of f ixed
source abatement apparatus available.  The planner’s role is to
assess the problem, recommend solutions and assure that the desired
results are achieved.

Various abatement techniques should be compared on the basis of
decibel reduction versus direct monetary outlays and costs of reduced
p r o d u c t i v i t y . Barriers and enclosures wil l  be obstacles to workers.
At f irst,  operators wil l  be unaccustomed to them and productivity
wi l l  be  reduced. W i t h  t i m e ,  i t  w i l l  r i s e ,  p e r h a p s  n e v e r  t o  i t s
former level or perhaps surpassing it  because of the improved work
environment. Losses in productivity may also result  from shut down
t ime dur ing the  insta l la t ion of  noise  mi t igat ing devices.
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FIGURE 5-1.7 SUMMARY OF FIXED SOURCE MODIFICATIONS

POTENTIAL NOISE MAJOR COSTS (1976)
TECHNIQUE REDUCTION UNIT COSTS PRODUCTIVITY

Absorption

Damping

3 - 5  d B * *

3-10dB  *

$ .50-2.50/sq. ft. 0

.20-4.50/sq. ft. 0

Barriers (inside
structure)

5-15dB * 2.00.3.50/sq. ft. up to 15%

“Glove Box” Booths

Equipment Enclosures

3-15dB *

5-50 dB *

250.00-450.00/ea.

4.00.9.00/sq. ft.

up to 20%

up to 25%

Reference 5-40
*  at operator position
** at “removed” distances  within structure housing noise source
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5-2 NOISE PATH MODIFICATIONS

Thus far,  the discussion in this chapter has centered about noise
abatement at the source. Recognizing that abatement at the source
may not be sufficient or even possible, one must look to the next
logica l  p lace  in  the  noise  system for  in tervent ion.  That  p lace  is
along the noise path.

Abating noise along the noise path consists basically of placing a
physical barrier between the noise source and receiver. J u s t  a s  i t
is  most  e f fect ive  to  dea l  wi th  noise  a t  the  source  before  i t  d is -
perses, i t  is  genera l ly  more  e f f ic ient  to  b lock noise  near  the  source
than near the receiver.

This section deals with the two approaches to noise path modifications:
changes near the noise source; barriers and shields, and changes near
the noise receiver; soundproofing.

5-2.1 BARRIERS

Wal ls ,  ear th  berms,  bui ld ings,  natura l  ter ra in ,  and fo l iage are
commonly uti l ized as noise barriers. To varying extents each reduces
noise  by  par t ia l ly  absorbing i t  and re f lect ing i t  away f rom rece ivers .
Barriers,  which are most effective against higher frequency sounds,
must be located in the l ine-of-sight between the source and the
rece iver . Barr ier  e f fect iveness increases wi th  he ight ,  w idth ,  and
proximi ty  to  e i ther  the  source  or  the  rece iver . I f  there  are  gaps in
a  b a r r i e r , t h e  p o t e n t i a l  b e n e f i t s  o f  a c o u s t i c a l  s h i e l d i n g  w i l l  b e
substantial ly reduced. Furthermore, t h e  e f f e c t s  o f  a l l  b a r r i e r s  a r e
lessened by atmospheric sound scattering and by noise “spil l ing”
e f f e c t s  a r o u n d  b a r r i e r  l i m i t s . Besides acoustic advantages, barriers
visually obscure the noise source and thus also benefit  the noise
rec ip ient  psychologica l ly .

The discussion following focuses on the use of barriers to mitigate
a i rcraf t ,  sur face  vehic le ,  and impulse  noise . The method for calcu-
la t ing barr ier  he ight  and ef fect iveness is  presented in  the  concluding
sect ion. A final summary chart (Figure 5-2.1) enumerates typical
costs  and benef i ts  o f  severa l  types  of  barr iers .

5 - 2 . 1 . 1 AIRCRAFT NOISE

Barr iers  are  not  u t i l i zed  extensive ly  to  abate  a i rcra f t  no ise  because
they can be effective only when aircraft  are operating on or near
the ground.
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The s ide l ine  noise  of  f ixed-wing a i rcraf t  which is  generated dur ing
taxiing, takeoff,  and landing can be reduced by properly posit ioned
b a r r i e r s . During takeoff the maximum effects of a barrier wil l  occur
when an aircraft  is sti l l  on the ground and approximately 45° beyond
the point being shielded. (The 45º is measured from an axis drawn
through the  shie lded point  and perpendicular  to  the  f l ight  t rack . )
F o r  l a n d i n g  a i r c r a f t , barr iers  wi l l  reduce s ide l ine  noise  to  the  f ront
and rear after touchdown. Barr iers  are  usefu l  in  abat ing thrust
reversa l  noise .

The e f fect iveness of  barr iers  in  reducing s ide l ine  noise  is  not  wel l
establ ished, in  par t  because of  l imi ted appl icat ion. Buildings along
runways afford partial  shielding and landscaped earth berms are the
least expensive and can be the most aesthetic barrier mode.

Field measurements at the Minneapolis-St. Paul Airport barrier (a one
mile long, 15 feet high earth berm with 25 foot high trees planted
60 to 100 feet deep) aff irm a 5 dB minimum noise reduction in select-
ed areas.

A barrier with a smooth solid surface may reflect noise into regions
beyond the barrier. ( R e f e r  t o  f i g u r e  5 - 2 . 1 . 1 . ) Th is  e f fec t  can  be
mitigated with the use of surface treatment or vegetation which pro-
vides absorptive and dispersive properties,

Barr iers  of fer  l i t t le  re l ie f  f rom rotary  wing operat ions because of
t h e  r a p i d  v e r t i c a l  a s c e n t  c a p a b i l i t i e s  o f  t h e  a i r c r a f t .  H o w e v e r .  f o r  r o t a r y
or f ixed winged ground operations noise barriers can be effective.

5 - 2 . 1 . 2 MOTOR VEHICLE AND RAILROAD NOISE

Barr iers  are  capable  of  reducing the  noise  of  ra i lway,  s t reet ,  and
combat vehicles in areas around fixed guideways or paths. Where com-
bat  vehic les  are  execut ing f ie ld  maneuvers ,  the  use  of  barr iers  for
abatement  is  less  feas ib le . In  th is  case,  barr iers  should  be  erected as
close as possible to the noise receiver,  not the noise source.

Several types of barriers have been used extensively along highways.
The most common are wooden, block, and concrete walls and earth berms,
These obstructions approach a maximum effectiveness of 22 dB. RO W S

of  bui ld ings wi l l  a lso  provide  noise  a t tenuat ion i f  the  source  is
completely.  shielded by the structures, both  ver t ica l ly  and hor izon-
t a l l y . A single row of structures, with less than 20% open area
between structures, w i l l  p r o v i d e  5  dB a t t e n u a t i o n . Succeeding rows
will  provide an additional 2 to 3 dB each, up to a maximum attenua-
t i o n  o f  1 0  dB f o r  a l l  r o w s .
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FIGURE 5-2.1.1 BARRIER REFLECTED NOISE

- - -

0 SCALE
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Landscaping, a l though aesthet ica l ly  p leas ing,  is  not  h ighly  e f fect ive
in  abat ing noise  unless i t  is  dense,  th ick  and ta l l . I f  vegetat ion
is not dense enough to obscure the sight of the noise source, i ts
ef fect  wi l l  be  inconsequent ia l . A  reduct ion of  5  dB for  every  100
feet  o f  dense landscaping a t  least  15  feet  h igh is  appropr ia te .  The
maximum degree of reduction that can usually be expected is 10 dB.

Natural terrain and roadway configuration also can help reduce noise.
As indicated in Section 5-1.5.1.2, Noise Control Along the Roadway,
elevated or depressed roadways have built- in noise barriers. The
potent ia l  no ise  reduct ion in  these cases is  presented in  the  fo l low-
ing section.

The types of  barr iers  appropr ia te  for  h ighways are  appl icable  to  ra i l -
ways too. Since l ine operation noise is predominately wheel and
track  re la ted ,  low wal ls  (about  car  f loor  he ight )  are  adequate . Such
parapets  are  capable  of  reducing wayside  noise  10  dB (at  100 feet) .
With yard and siding type operations, where predominant engine noise
is augmented by the impacts of couplers, more extensive walls are
required.

Besides mitigating noise, barriers can reduce glare, dust,  and fumes,
and can improve aesthetics. To  avoid  the  adverse  e f fects  o f  barr iers ,
design considerations should include maintenance, noise reflection,
shadow effects,  drift ing sand or snow, and related factors.

5 - 2 . 1 . 3 IMPULSE NOISE

Barr iers  are  normal ly  e f fect ive  for  smal l  arms ranges but  the i r  use
with heavier weapons is not recommended. It is not uncommon for
sound waves from explosions to be transmitted upwards and focused
downwards miles away. This phenomena renders ground terrain, earth
berms, and other barriers ineffectual.  Where sound waves are trans-
mitted along the ground, a barrier would have to be located close
t o  t h e  b l a s t  t o  b e  e f f e c t i v e . Without a total enclosure, there
is  a  h igh probabi l i ty  of  re f lect ing noise  to  other  points .

5 - 2 . 1 . 4 EVALUATION OF SHIELDING

For most ground based point and line noise sources, an obstruction
between the source and the receiver can provide signif icant attenua-
t ion of  noise .

A simplif ied assessment of the benefits of shielding may be performed,
using the path length difference parameter. This  quant i ty ,  usual ly
symbolized by
by the sound wave going over the obstruction rather than directly
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through i t  (a long the  l ine-of -s ight  to  the  observer  i f  the  obstac le
were not present) . F igure  5 -2 .1 .4a  i l lust ra tes  the  geometry  of  acoust ic

(Note  that  obstruct ions of  f in i te  width  are  approx imated by  a  “kni fe -
edge”  barr ier . )

B a r r i e r  a t t e n u a t i o n  a s  a  f u n c t i o n  o f  6  i s  d e p i c t e d  i n  F i g u r e  5 - 2 . 1 . 4 b .
The upper curve is to be used for point sources, while the lower
applies to roadways or rai lroads.

A f t e r  e s t a b l i s h i n g  t h e  l o c a t i o n  o f  t h e  o b s e r v e r  ( o r  s i t e ) ,  t h e  l o c a -
tion of the source, and desired degree of noise reduction, the
following procedure should be used to solve for barrier height.

(1 )  Establ ish  the  locat ion of  the  proposed barr ier .  (Gener -
a l l y  t h e  c l o s e r  a  b a r r i e r  i s  t o  e i t h e r  t h e  s o u r c e  o r
t h e  r e c e i v e r  t h e  m o r e  e f f i c i e n t  i t  w i l l  b e . )

(2 )  Est imate  the  requi red barr ier  he ight .

t ion using F igure  5 -2 .1 .4b.

(4) Compare the barrier attenuation value obtained to the
desired value of noise reduction.

(5) Adjust the estimated wall  height either up or down
according to  the  above d i f ference and solve  for  barr ier
a t tenuat ion again . Rei tera te  unt i l  the  d iscrepancy
under  Step 4  above is  acceptably  smal l .  (See
Example  5 -2 .1 .4a)

To be  an e f fect ive  noise  barr ier ,  an  obstruct ion must  be  sol id  (no
gaps or leaks),  moderately dense (minimum surface weight of 2 to 4
l b . / s q . f t . ) ,  h i g h  e n o u g h  t o  s i g n i f i c a n t l y  b r e a k  t h e  ‘ l i n e - o f - s i g h t
( i . e . ,
suff iciently long to prevent sound from defracting around the edges.

For line sources, the  a t tenuat ion indicated in  F igure  5 -2 .1 .4b  wi l l
b e  r e a l i z e d  o n l y  i f  t h e  b a r r i e r  i s  s u f f i c i e n t l y  l o n g  t o  c o v e r  a n

Barr ier  a t tenua-
t ion for  shor ter  barr iers  can be  ca lcula ted us ing F igure  5 -2 .1 .4c ,
which indicates  barr ier  a t tenuat ion as  a  funct ion of  sh ie ld ing ra t io

B a r r i e r  p e r -
formance is  ser iously  degraded by  insuf f ic ient  length .  Noise  f rom
around the  barr ier  edges creates  an  addi t ive  e f fect  to  that  which
s p i l l s  o v e r  t h e  t o p . For example, f r o m  F i g u r e  5 - 2 . 1 . 4 c ,  i f  t h e
s h i e l d i n g  r a t i o  f o r  a  b a r r i e r  w i t h  “ i n f i n i t e  p e r f o r m a n c e ”  o f  1 5  dB
decreases from 0.9 to 0.8,  the attenuation drops 30%, from 10 dB to
7 dB.
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FIGURE 5-2.1.4a ACOUSTIC SHIELDING GEOMETRY

SCHEMATIC OF ELEVATED HIGHWAY

Observer

SCHEMATIC OF DEPRESSED HIGHWAY

Observer

GENERALIZED GEOMETRY OF ACOUSTIC BARRIER
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FIGURE 5-2.1.4b
ATTENUATION OF AN INFINITE BARRIER

FOR POINT SOURCES AND ROADWAYS
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EXAMPLE 5-2.1.4a CALCULATION OF BARRIER HEIGHT

PROBLEM:

Determine the barrier height required to reduce the noise levels in a residential backyard by

12dB. The only noise source is automobile traffic on a roadway 200 feet distant. The

terrain is flat. The angle of observation of the road ( () ) will be greater than 160°

Assume an infinite barrier length.

SOLUTION:

1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

Select a suitable location for the barrier  in this case at the edge  of the sidewalk: 20

fact from the centerline of the roadway.

Estimated barrier height (Hb) = 10 feet.

Prepare a diagram of the wall, source, and receiver relationship where:

a. source height (Hs) = 0 (for automobiles. Section 3.6.1.1.11

b. observer height (Ho) = 5.0 feet (typical case assumption)

c. Setback. roadway to barrier (Sb) = 20 feet

d. Setback, roadway to observer (So) = 200 feet

Determine barrier attenuation (Ab)

Ab = 14dB (Figure 5.2.1.4b)

This is more than the desired 12dB, so assume a shorter barrier height and recalculate A b.

Ab = 10.5dB

= 10 dB (round off to nearest dB)

Ab too low, assume an Hb less than 10 feet, but greater than 6 feet

Hb = 8 feet

A b = 12dB . · . the barrier should be 8 feet in height

Note: Because of field uncertainties, for example the actual average height of observer,

and  assumptions made in the calculation of X, Y, and Z, a safety factor can be

introduced, and a greater barrier height selected.
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FINITE BARRIER ATTENUATION
FIGURE 5-2.1.4c FOR ROADWAYS

Observer

EXAMPLE PROBLEM:

= 125º). The same barrier, but of infinite length

SOLUTION:

1.

2. Barrier attenuation = -5 dB (from Figure 5-2.1.4c)

5-48



To apply the aforementioned process to the procedure for calculating
barrier dimensions for a l ine source, i t  is necessary to execute three
addi t ional  s teps:

( 1 )  S e l e c t  t h e  d e s i r e d  b a r r i e r  h e i g h t  ( H b  )  a n d  c a l c u l a t e

(3 )  Ca lcula te  the  barr ier  length  (us ing t r igonometry) .
(Refer to Example 5-2.1.4b.)

5 - 2 . 1 . 5 IMPLEMENTATION

Barriers are powerful abatement tools, but they can be costly and can
cause many non-acoustical deleterious effects. A  b a r r i e r  c o s t -
benef i t  analys is  should  inc lude the  fo l lowing:

(1 )  Benef i ts

o  Noise  reduct ion (and re la ted  benef i ts )

o Privacy

o  L e s s  d i r t ,  g l a r e ,  a n d  e x h a u s t

(2)  costs

o  M i s s i o n  d e g r a d a t i o n

o Di rect  (des ign and construct ion)

o  Maintenance ( landscaping,  c leaning,  repai r ing,  e tc . )

o Safety (to motorists, pilots, etc.)

o  V i s u a l  ( u g l y ,  b l o c k  v i e w ,  e t c . )

For  fur ther
publications:

information on design considerations refer to the following

(1) “Location, Selection and Maintenance of Highway Traffic
Barr iers” , NCHRP Report #118, 1971.

(2) AASHTO, Guide on Evaluation and Attenuation of Traffic
Noise, 1974.

(3) AASHTO, Highway Design and Occupational Practices
Related to Highway Safety, 1974.
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EXAMPLE 5-2.1.4b CALCULATION OF BARRIER LENGTH

PROBLEM:

(due to topography) and the desired attenuation (Ab) is 12 dB.

SOLUTION:

For Example,
with respect to Example 5-2.1.4a, one could select a barrier with H b = 8 feet, Ab = 12dB

= 15dB and a shorter length. In each
case the shielding ratio would differ, the resultant barrier length (Lb) would differ, but the
desired attenuation (12dB) would be the same. For an Hb of 10 feet, Lb is calculatedas
follows.

Calculate the shielding ratio.

Infinite barrier performance = 15dB (Example 5-2.1.4a)

Desired performance = 12dB

is between .9 and 1.0 (Figure 5.2.1.4c), interpolate by ratios:

Calculate Lb

½ Lb = (2.82)(180)

½ Lb = 508

Lb = 1016 feet

(not to scale)
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FIGURE 5-2.1
SUMMARY OF BARRIER TYPES:

Potential Benefits and Costs

TYPE
MAXIMUM POTENTIAL CONSTRUCTION COSTS*

NOISE REDUCTION (1976)

Construction Block Wall**
5 feet (parapet)

10 feet
20 feet

Earth Berm
(10 feet high
10 feet wide
no landscaping)

15 dB
15 dB
15 dB

15 dB

$ 4.00/LF - $ 9.00
8.00/LF - 18.00

16.00/LF - 37.00

$12.00/L F

Foliage
(Strip 100 feet wide)

5dB $40.00/LF

l Does not include maintenance.

l * As walls increase in height the base width and subsurface foundation must also increase in size. As a result, cost per
square foot also increases with height.
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5 - 2 . 2 ACOUSTIC DESIGN

Acoust ic  design inc ludes modi f icat ions to  s i te  design,  archi tectura l
d e s i g n ,  a n d c o n s t r u c t i o n to achieve noise reduction.

5-2 .2 .1 ACOUSTIC SITE DESIGN

Acoust ic  s i te  design is  def ined as  the  pract ice  of  posi t ioning
structures  and other  land uses wi th in  the  conf ines  of  a  s i te  for
the purpose of reducing noise levels. The primary techniques are
shie ld ing,  re f lect ion reduct ion,  and land use.

5-2.2.1.1 SHIELDING

Structures and natural variations in topography may serve as barriers
to  shie ld  noise  sensi t ive  por t ions of  a  s i te .

(1) A small hil l  or earth mound can be as effective as a
man made earth berm. A depressed area may be a good
locat ion for  a  s t ructure  or  noise  sensi t ive  exter ior
use.

( 2 )  D u e  t o  s i t e  l i m i t a t i o n s ,  i t  i s  m o s t  l i k e l y  t h a t  s h i e l d -
ing can best be provided by structures.

o  Bui ld ings housing non-sensi t ive  uses are  idea l  for
shie ld ing. The garage or parking structure can
serve  th is  funct ion.

o  Bui ld ings wi th  uses less  sensi t ive  to  noise  than
those be ing protected are  a lso  potent ia l  sh ie lds;
in  such cases the  shie ld ing st ructure  wi l l  usual ly
require  acoust ic  archi tectura l  des ign and/or  con-
st ruct ion. Reta i l ing and administ rat ive  bui ld ings
can be  used to  sh ie ld  res ident ia l  s t ructures .

(3) Although the topography of a site may not offer much
opportuni ty  for  sh ie ld ing,  proper ly  p laced st ructures
c a n  e x p l o i t  n a t u r a l  s i t e  c h a r a c t e r i s t i c s . Ear th-
mounds between buildings can further enhance shielding
c h a r a c t e r i s t i c s .

5-2.2.1.2 REFLECTION REDUCTION

Noise reflected off buildings and ground surfaces can be a signifi-
cant problem, especia l ly  in  h ighr ises  and exter ior  spaces.

(1) A street bounded by buildings is a noise canyon. This
effect can be mitigated by maximizing, building setbacks.
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Building reflection can also be reduced by v a r y i n g
b u i l d i n g  h e i g h t s ,  r e d u c i n g  b u i l d i n g  d e n s i t y ?
use of open space),  and avoiding parallel  wall  canyons.

(2) Setbacks can be doubly functional because they present
the  opportuni ty  to  ut i l i ze  landscaping and other  noise
absorb ic  sur face  t reatments  which  are  e f fect ive  in
reducing the  impact  o f  ter rest r ia l  no ise  sources. Hard
surfaces, s u c h  a s  p a r k i n g  l o t s ,  w i l l  r e f l e c t  n o i s e ,
and may even amplify it.

(3) Structures should be oriented to focus reflected noise
into non-sensit ive areas.

5-2.2.1.3 ATTENUATION WITH DISTANCE

Land uses can be manipulated not only to create shielding and reduce
ref lect ion,  but  to  capi ta l ize  upon noise  a t tenuat ion wi th  d is tance
(4 .5  dB reduct ion for  every  doubl ing of  d is tance for  l ine  sources) .
Recreation areas, parking and other land uses can be situated to increase

the distance between a noise source and the primary land use.

Another  facet  o f  a t tenuat ion wi th  d is tance (buf fer ing)  is  on s i te
noise source location. Streets ,  park ing areas,  and f ixed noise
sources should be situated to reduce unnecessary noise exposures.

Note that buffering land uses, e .g . ,  an  outdoor  recreat ion area ,  may
be more sensitive than the use being protected. Thus, abatement
pr ior i t ies  must  be  assessed at  the  outset .  A  compar ison of  the
periods of a day during which a noise level is unacceptable, and during
which a facil i ty is used, may suggest optimal noise reducing land use
pat terns .

5-2.2.1.4 MINIMIZATION OF EXPOSED SURFACES

Noise can be reduced by minimizing the surface area of that portion of
a  s t ructure  exposed to ,  or  fac ing, a noise source. In the case of a
l ine  source, such as a roadway, the noise may be more annoying in
rooms with an exterior wall  perpendicular to the roadway (and facing
oncoming t ra f f ic )  than in  rooms wi th  an  exter ior  wal l  para l le l  to  the
roadway. This is because of the following:

(1 )  The  d i rect ional  character is t ics  of  the  noise .

(2) Noise levels rise and drop off quickly as vehicles pass
the corner  of  a  bui ld ing, rather than rise and decay
slowly as perceived in a parallel  surface room.
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5 - 2 . 2 . 2 ACOUSTIC ARCHITECTURAL DESIGN

Architectural techniques which can be used to reduce noise include
room layout , window sizing , wall  opening (doors, windows, ducts, etc.)
t reatment ,  e tc . Architectural techniques are not to be confused with
construction measures l ike wall  insulation and heavy roof construction
which are t reated in  the  fo l lowing sect ion. Archi tectura l  techniques
to reduce noise, l ike  s i te  design techniques,  are  usual ly  less  expen-
sive than acoustic construction.

5 - 2 . 2 . 2 . 1

Shielding

SHIELDING

consists of physically blocking or impeding sound waves.
A r c h i t e c t u r a l l y , there are two general approaches: reduction of
wal l  opening sur face  area  and ut i l i za t ion ,  o f  externa l  archi tectura l
elements, e .g . ,  overhangs,  ba lconies ,  e tc .

(1) Wall openings. The wal l  o f  a  s t ructure  is  a  sound barr ier .
Abatement effectiveness is greatly diminished, though,
if there are passages through which sound energy can
penetrate. The three common weak links ‘in walls are
venti lation ducts, windows, and doors. Methods to
reduce sound transmission for each are as follows:

o  V e n t i l a t i o n  d u c t s :

. Minimize the number needed on walls and roofs
exposed to noise sources. T h i s  c a n  b e  f a c i l i t a t -
ed through room arrangement (refer to Section
5 - 2 . 2 . 2 . 3 ,  S p a c e  U t i l i z a t i o n ) .

. Use vent i la t ion  noise  t raps.

. Locate ducts in areas not exposed to noise.

o Windows:

. Minimize the window surface area (to zero if
possible) on walls exposed to noise sources.

. Locate windows in areas not exposed to noise.

. Reduce the need to open windows exposed to noise
sources by providing mechanical ventilation or
natural venti lation through windows or ducts at
unexposed locations. (Note ,  mechanica l  vent i la -
t i o n  i n  i t s e l f  r e q u i r e s  w a l l  o p e n i n g s . )
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o  D o o r s :

. Locate entries in areas not exposed to noise.

(2) Archi tectura l  e lements . Elements which are a normal
part of a structure can be designed to provide a
s h i e l d i n g  e f f e c t . As implied by the previous dis-
cussion, shie ld ing is  most  e f fect ive  near  acoust ica l ly
weak elements such as wall openings. Enumerated below
are some of the elements which should be considered in
mit igat ing noise .

o  B a l c o n i e s :

. Depending on topography and room arrangement,
balconies can shield noise from below or above.

. Balconies  may ref lect  noise  in to  a  bui ld ing.

. Because a  ba lcony is  o f ten  a  p lace  of  re laxat ion ,
i t  may not  be  f i t t ing  to  locate  i t  in  an  exposed
area . An analysis of t imes of use and of periods
of  unacceptable  noise  leve ls  could  reveal  the
appropriateness of balcony shielding.

o  Overhangs and sof f i ts
but can al so have ref

can impede noise from above,
l e c t i v e  c h a r a c t e r i s t i c s .

o  Shie ld ing can a lso be achieved by recessing a build-
ing in to  the  ground or  backf i l l ing  ear th  around lower
f l o o r s .

o  Noise  exposure  is  reduced in  recess areas ,  e .g . ,
a  pat io  or  ent ry  recessed in to  the  sur face  of  a
st ructure .

o  O t h e r  p o t e n t i a l l y  p r o t e c t i v e  e l e m e n t s  a r e  a r c h i t e c t -
ural embell ishments such as decorative walls, pro-
t rus ions,  or  facades.

5-2.2.2.2 REFLECTION REDUCTION

Most  bui ld ing sur faces are  excel lent  sound energy re f lectors .  Bui l t -
in noise problems can be avoided by uti l izing techniques parallel
to  those out l ined in  Sect ion 5-2 .2 .1 .1  cover ing s i te  design shie ld ing.
There are three approaches:
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(1 )  Sur face  t reatment  is  the  use  of  mater ia ls  which par t ia l ly
absorb, thus reducing, reflected sound energy. Noise
leve ls  a t  absorbent ly  coated wal ls  are  less  than a t
r e f l e c t i v e  w a l l s ,  b u t  t h e r e  i s  a n  u p p e r  l i m i t  t o  t h e
ef fect iveness of  absorpt ion . Ivy or other absorbent
materials can be useful.

(2) Reflection can be reduced by promoting the scattering
or dispersion of sound waves. Sur face  design,  or  the
use of rough materials,  variegated surfaces, screening,
e tc .  can achieve  th is  end.

(3 )  As indicated previously , balconies and other appurten-
ances can be the source of unwanted reflections. By
p r o p e r l y  l o c a t i n g  r e f l e c t i v e  s u r f a c e s ,  r e f l e c t e d  n o i s e
intrusion can be avoided. The designer should also be
c o g n i z a n t  o f  a l l  l a r g e  f l a t  s u r f a c e s ,  p o t e n t i a l
re f lect ion in to  outdoor  spaces,  and potent ia l  min i -
canyons where noise might be reflected back and forth.

5-2.2.2.3 SPACE UTILIZATION

The manner  in  which space is  ut i l i zed,  ver t ica l ly  and hor izonta l ly ,
can have a signif icant effect on the amount of noise to which a room
is exposed. The abatement  pr inc ip les  for  space ut i l i za t ion  are
s i m i l a r to  the  land use pr inc ip les  of  acoust ic  s i te  des ign.

In  the  case of  space ut i l i za t ion, the primary goal is to minimize
noise  in  sensi t ive  por t ions of  a  s t ructure  by  maximiz ing the
s h i e l d i n s  a n d / o r  b a r r i e r  b e n e f i t s  a f f o r d e d  b y  t h e  s t r u c t u r e  i t s e l f .

This is done by locating rooms housing noise sensitive functions and
rooms with wall openings away from a noise source.

( 1 )  I n  t h e  f o r m e r  c a s e  i t  i s  n e c e s s a r y  t o  f i r s t  c l a s s i f y
rooms according to sensitivity. I n  a  r e s i d e n t i a l
s t ructure  there  might  be  three  categor ies:

o  M o s t  s e n s i t i v e : bedroom and den

o Sensitive: living room and dining room

o Least sensitive: k i tchen,  bathroom,  ut i l i ty  rooms,
hal ls ,  and c losets .

( 2 )  S i m i l a r l y , rooms with wall  openings should be class/f led
according to their propensity to permit the passage of
sound. The more vulnerable places are outdoor patios
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and rooms with a large window area, outside doors that
are used frequently,  and windows which provide venti la-
t i o n . The least  sensi t ive  rooms,  as  in  the  res ident ia l
example above, are  usual ly  the  rooms least  requir ing
wall  openings.

Areas needing protection should be located away from the noise source,
buf fered by  non-sensi t ive  uses and wal ls .  Wi th  in f l ight  a i rp lane
noise  i t  is  des i rable  to  locate  sensi t ive  uses away ‘ f rom the  f l ight
t r a c k  h o r i z o n t a l l y  a n d  v e r t i c a l l y ,  i . e . ,  o n  t h e  l o w e r  f l o o r s  o f  a
multi-story structure. I l l u s t r a t e d  i n  F i g u r e  5 - 2 . 2 . 2 . 3  a r e  s e v e r a l
layouts designed to mitigate noise from a predominant direction. As
indicated in the same figure, outdoor spaces can be sheltered by
arranging other uses around them in a courtyard fashion, not unlike
the method of creating recessed areas.

As an extension of the above approach, a structure can be designed to
“turn its back” on the noise source and focus elsewhere, e.g. ,  into
a n  i n t e r i o r  c o u r t . Accordingly, the space between the noise source
and the structure can be minimized to maximize the amount of pro-
tected  areas  on a  s i te .

5-2.2.3 ACOUSTIC CONSTRUCTION

Acoustic construction is the use of structural elements to impede
sound transmission. Elements such as windows, walls, and roofs
wi l l  mi t igate  noise  to  a  degree , but greater abatement is possible
with acoustic construction. Noise i ’s best mitigated by impeding the
passage of the soundwave and by facil i tat ing the absorption of sound
energy.

5-2.2.3.1 ACOUSTIC CONSIDERATIONS

Acoustic construction has been demonstrated to be a technically
feasible means to reduce noise up to 50 dB, but only indoor environ-
ments can be improved. An acceptable outdoor environment is especi-
a l l y  i m p o r t a n t  i n  r e s i d e n t i a l  a r e a s and the more moderate the cl imate,
the more often the outdoor environment is used. In a Los Angeles
study it was found that in areas where outdoor noise exceeded 87 dB,
owners regarded the environment to be unsuited for residential  use,
regardless of the effectiveness of indoor soundproofing (Reference 5-39).
Acoustic construction can be a viable solution for churches. schools.
off ices, r e t a i l i n g  f a c i l i t i e s ,  e t c .

Those land uses where noise insulation should be considered are enum-
erated in  F igure  4 -5 . For some land uses (for example, classrooms,
libraries, and hospitals),  soundproofing may be effective only under
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cer ta in  condi t ions. For instance, in  s t ructures  housing t ra in ing
ing isprograms where outdoor activit ies are not required, soundproof

appropr ia te . Where  outdoor  act iv i t ies  are  an  in tegra l  par t  o f
t ra in ing program the  potent ia l  va lue  of  insulat ion is  lessened
The acceptable  noise  leve l  reduct ions (NLR)  for  outdoor  Ld n  o r

values are also presented in the aforementioned figure.

a

L e q

There are numerous means to reduce sound levels. Several techniques
are  l is ted  be low. The quantif ied sound reductions afforded by
several typical construction measures are presented in Figure
5 - 2 . 2 . 3 . 1 .  M o r e
acquired from the

(1) Wall

o  I

specific data on acoustic construction can be
references l isted in Appendix D.

s

ncrease mass.

o Use “dead” air  spaces.

o  Increase  a i rspace  width  (between wal ls ) .

o Increase airspace length (space between studs).

o Use staggered studs.

o Seal cracks and edges.

o  Use insulat ion b lankets .

o  G i v e  s p e c i a l  a t t e n t i o n  t o  o p e n i n g s ;  e l e c t r i c a l
out le ts ,  medic ine  cabinets ,  e tc .

o  Use res i l ient  mater ia ls  to  hold  s tuds and panels
together.

o Use acoustic coating.

( 2 )  R o o f s

o increase mass.

o Seal cracks and edges.

(3 )  Cei l ings

o  U s e  i n s u l a t i o n  b l a n k e t s .

o Use non-fixed suspension methods.

o Use acoustic coatings.
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(4 )  F loors

o Increase mass.

o Block off all joists (prevents noise from traveling
over or under walls).

o U s e  r e s i l i e n t  s u p p o r t s  b e t w e e n  j o i s t s  a n d  f l o o r .

(5) Windows

o Use sealed windows.

o I n c r e a s e  g l a s s  t h i c k n e s s .

o Use double glazed windows.

o Increase volume of  “dead” a i rspace in  double
glazed windows.

(6) Doors

o Use sol id  core  doors  (not  s l id ing or  hol low core) .

o Use door f rame gaskets .

(7 )  In ter ior  Design

o Use heavy  drapes .

o Use heavy  carpets .

o Use acoustic ceiling treatment.

The sound leve l  reduct ions in  F igure  5 -2 .2 .3 .1  are  speci f ied  in
decibel ranges because of the variance in noise sources and types
and qual i ty  of  construct ion. Designed noise reduction levels cannot
be achieved if  acoustic elements are not constructed or installed
with proper care.

Reference 4 -2  prov ides  conservat ive  bui ld ing construct ion speci f ica-
tions required to attain NLR values of 20, 25, and 30 dB in buildings
exposed to surface vehicle and aircraft  noise. If  NLR values greater
than 25 dB are specif ied, then a detailed acoustical analysis should
be undertaken because the NLR values in Figure 4-5 are conservative.
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FIGURE 5-2.2.3.1
TYPICAL BUILDING CONSTRUCTION
NOISE LEVEL REDUCTION VALUE%

NLR in dB

TYPE OF CONSTRUCTION

Conventional wood frame - windows open

Conventional wood frame - windows closed

Conventional wood frame - no windows, or ¼"
glass windows sealed in place

AIRCRAFT AND
VEHICULAR NOISE

15 - 20

25 - 30

3 0 - 3 5

1/8” glass windows, sealed in place*

1/4" glass windows, sealed in place*

Walls and roof - weighing 20 to 40 Ibs/sq.ft.,
no windows*

20 - 25

25 - 30

3 5 - 4 0

Walls and roof - weighing 40 to 80 Ibs/sq.ft.,
no windows*

40 - 45

Heavy walls and roof - weighing over 80 Ibs/sq.ft., 45 - 50
no windows*

*Assuming a surface area consisting of only this element.
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5-2.2.3.2 NON-ACOUSTIC CONSIDERATIONS

Provis ion of  acoust ic  construct ion can increase in i t ia l  construct ion
costs,

Most acoustic construction techniques involve wall  openings, especi-
ally windows; e i t h e r  c l o s i n g , sealing, or removing them. These
m o d i f i c a t i o n s  c a n  n e c e s s i t a t e  t h e  i n s t a l l a t i o n  o f  a  v e n t i l a t i o n ,  o r
air conditioning system. With respect to these systems, the fol lowing
should be considered:

(1) Window hung air conditioners normally do not impede
exter ior  noise  penetra t ion.

(2) Ventilation systems are, in themselves, noise sources.

(3 )  A i r  vent i la t ion and condi t ioner  systems are  cost ly .

Acoustic construction provides thermal insulation as well  as acoustic.
This benefit can be equated to long term monetary savings through
reduced energy consumption and should be incorporated into cost bene-
f i t  a n a l y s e s . Note  too,  that  the  prov is ion of  a  vent i la t ion  system
w i l l ,  c o n v e r s e l y , increase energy consumption.

5 - 2 . 2 . 4 IMPLEMENTATION

A typica l  acoust ic  design program wi l l  enta i l  the  fo l lowing:

(1) Determining the degree of noise reduction needed.

(2) Establishing which design techniques are appropriate
and the i r  probable  e f fect iveness.

(3 )  Establ ishing pre l iminary  implementat ion program.

(4) Estimating cost of program and cost of not executing
program.

(5 )  Est imat ing the  va lue  of  acoust ic  and non-acoust ic
benef i ts .

(6 )  Submit t ing program for  approval .

(7) Executing program

a.  Establ ish  design speci f icat ions.
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b. Develop construction plans.

c. Obtain quarters for displaced persons and functions
( i f  a l t e r i n g  e x i s t i n g  s t r u c t u r e s ) .

d. Make building modifications.

e .  Ver i fy  e f fect iveness of  program.

To fo l low th is  acoust ica l  des ign program,  the  p lanner  wi l l  requi re
the  exper t ise  of  acoust ic ians  and archi tects . The former should be
consulted in areas 1, 2,  and 7a above. A r c h i t e c t s  w i l l  t a k e  p a r t  i n
a r e a s  4 ,  5 ,  7 a ,  b ,  a n d  e .

The approval of new construction in noise impacted zones must be
contingent upon the provision of adequate noise insulation, The
planner should advise those responsible for design and construction
of the need for adequate noise insulation.
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5-3 NOISE RECEIVER MODIFICATIONS

Noise can be abated at the source, along the path, or,  as is considered
here ,  a t  the  point  o f  percept ion. The two basic receiver oriented
approaches are: 1)  insur ing that  ind iv iduals  are  not  located or
cannot locate in impacted areas; and 2) helping individuals in im-
pacted areas to become more tolerant of noise. The former approach,
receiver  locat ional  considerat ions,  is  a  pr imary  p lanning tool .

5-3.1 RECEIVER LOCATIONAL CONSIDERATIONS

5 - 3 . 1 . 1 ON-INSTALLATION

5-3.1.1.1 SOLVING EXISTING PROBLEMS

In the  case of  an  ex is t ing problem,  that  is ,  where  bui l t  up  areas are
adversely affected by noise, there  are  bas ica l ly  three  locat ional
approaches for use by the planner if noise abatement cannot be
economically accomplished at the source or along the path:

(1 )  I f  no ise  leve ls  are  unacceptable  for  one type of  use
but not another, and the building in question can be
modified accordingly, then relocate the impacted
activity and alter the structure to accommodate the
less sensi t ive  use.  For  example ,  an  administ ra t ive
building might be used as a work shop or storage area.

(2 )  Physica l ly  re locate  the  s t ructure  to  a  s i te  wi th
acceptable noise environment.

(3 )  Abandon the  s t ructure  and re locate  the  act iv i ty  e lse-

5-3.1.1.2 AVOIDING FUTURE PROBLEMS

To avoid on-installation noise problems, noise planning criteria must
be incorporated in to  the  s i te  se lect ion process.  This  procedure
is  expla ined in  Sect ion 6-4 .1 ,  S i te  Select ion.  The major  points  are
as follows :

(1) Gather background data.

(2) Identify acceptable sites (compare noise exposure
w i t h  l a n d  u s e  s e n s i t i v i t y ) .

(3) Consider abatement techniques (to increase the range
of  acceptable  s i tes) .

( 4 )  S e l e c t  a  s i t e .
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SUMMARY OF
FIGURE 5-3.1.1.1 RECEIVER CHANGES

ON-INSTALLATION

PROCEDURE COSTS

Change function of building Building alterations
Moving furniture, etc. 
Temporary shutdown

Move structure Building moving
Site preparation
Moving furniture, etc.
Temporary shutdown

Demolition
I

Demolition costs
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5 - 3 . 1 . 2 OFF-INSTALLATION

T h e  e f f e c t  o f  i n s t a l l a t i o n  o p e r a t i o n s  o n  t h e  o f f - i n s t a l l a t i o n
environment must be considered in all planning programs. When such
ef fects  are  unavoidable ,  a t tent ion shi f ts  f rom noise  rece iver  locat ion
changes to noise source and path modifications. The noise maker
has potent ia l  legal  l iab i l i ty  and depending on the  c i rcumstances,
may be sued for depreciating property values.

For the purpose of assessing potential impacts, planners should refer
to the Air Installation Compatible Use Zone (AICUZ) program. There
they wi l l  f ind  a  descr ipt ion of  ex is t ing and proposed of f - insta l la t ion
land uses and other pertinent data on local communities and installa-
t i o n  a i r  o p e r a t i o n s . In  addi t ion,  p lanners  should  refer  to  local
genera l  p lans, zoning ordinances and maps, specific plans, economic
repor ts , and other documents which relate to the existing and proposed
use of  land around the  insta l la t ion. They should  a lso  enter  the i r
name on the environmental impact statement circulation l ist of local
agencies. I f  an  AICUZ report  is  not  avai lable ,  p lanners  wi l l  have to
re ly  on the  la t ter .  sources for  in format ion about  the  of f - insta l la t ion
environment

5 - 3 - 2 CHANGE IN RECEIVER SENSlTlVlTY

The two approaches to modifying receiver sensit ivity discussed below,
noise masking and public relations, wil l  reduce the amount of annoy-
ance an indiv idual  exper iences wi thout  actua l ly  reducing noise  leve ls .
This  e f fect  is  achieved by  a l ter ing one’s  percept ion of  noise .

5 - 3 . 2 . 1 NOISE MASKING

Noise masking is the use of homogenous background noise to “soften”
unwanted sounds. I t  is  not  a  posi t ive  re l ie f  measure ,  but  a  cosmet ic
device  that  dul ls  percept ion of  in t ruding noise .  This  technique is
used in telephone booths where the "whirr" of the fan dampens obtru-
sive outside noise. In  open p lan of f ices,  masking is  cr i t ica l  and is
provided by contro l led  leve ls  of  vent i la t ion noise  (or  music) .  Mask-
ing is generally used only in public spaces and work environments.
Its application inside residences is not recommended, although
exterior environments can benefit  from the sounds of cascading water
and rust l ing  leaves. Sound masking is only effective where noise
intrusions are not extreme, within 5 to 10 dB of  background noise  leve ls ,
and where total noise levels (masking plus background levels) do not
exceed concentration, s leep,  and conversat ion in ter ference leve ls .

It should be noted that various unwanted sounds serve to mask each
other . In some office situations where structures have been sound-
proofed to such an extent that outside noise is imperceptible,

5 - 6 6



indoor noise becomes dominant and unacceptable.
encroachment of external noise for masking

Al lowing slight
has been found to create

good working environments. I t  is  advisable  to  consul t  wi th  acoust i -
cal experts when noise masking appears appropriate. (See also Section
4 - 6 . ) .

5 - 3 . 2 . 2 PUBL

The more negat
more intolerab
i l l  f e e l i n g s  c

IC RELATIONS

ive an individual’s attitude toward a noise producer, the
l e  t h e  n o i s e  i t s e l f  i s  l i k e l y  t o  b e .  T h e  r e d u c t i o n  o f
an decrease the incidence of complaints and wil l  have

posi t ive  sp inof fs  in  other  dea l ings wi th  the  on-  and of f - insta l la t ion
publ ic . The responsib i l i ty  for  enhancing an insta l la t ion’s  publ ic
image l ies with all  personnel who deal with the public, and in the
case of  noise  problems,  i t  l ies  pr imar i ly  wi th  the  Publ ic  In format ion
O f f i c e r ,  t h e  i n s t a l l a t i o n  p l a n n e r , and those who respond to specific
noise complaints.

Beyond the usual courtesies extended to persons making inquiries and
register ing compla ints , installation personnel should be as informa-
t ive  as  possib le . Helpful information might include explanations of
why operations have to occur when they do or why they must occur at
a  par t icu lar  insta l la t ion  or  why operat ing the  noise  source  is  neces-
sary. Although such information wil l  not-lessen the adverse effects
exper ienced dur ing a  par t icu lar  inc ident ,  i t  wi l l  hopefu l ly  reduce
fur ther  a l ienat ion and resul tant  in to lerance.  D isseminat ing in forma-
tion about the execution of specif ic abatement techniques or any other
posi t ive  measures is  par t icu lar ly  important . In essence, people want
to know if  there is a prevail ing reason why they must be subjected
to noise and what is being done about the noise situation. Fur ther -
more, they do not want to be ignored.

Personnel who operate noise producers deal with the public in a
secondary fashion, b u t  s t i l l  h a v e  a  r e s p o n s i b i l i t y  f o r  m a i n t a i n i n g
an insta l la t ion’s  publ ic  image. Operators (gunnery off icers, pi  lots,
etc.) must avoid creating undue and unnecessary noise. One unusual,
“bad”, noise  inc ident , such as an offtrack low overfl ight,  does
irreparable harm. I t  draws at tent ion to  an  insta l la t ion and he ight -
ens public awareness of noise. Events such as these wil l  often
induce complacent endurors to act.

Implementation

A positive public relations program should be instigated regardless
of the manner in which noise abatement is approached. Towards the
creation of such a program, the planner should endeavor to:
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(1 )  Prepare  se lected indiv iduals  to  dea l  wi th  the  publ ic .
Inform personnel who handle complaints and inquiries
about noise and its abatement. This manual contains the
background information they wil l  need.

(2) Set up a standard procedure for receiving and respond-
ing to inquiries and complaints. This procedure should
insure that letters are answered promptly and that com-
p l e t e  i n f o r m a t i o n  a b o u t  i n c i d e n t s  i s  c o l l e c t e d .  A
c h e c k l i s t  f o r  t e l e p h o n e  c o m p l a i n t s  w i l l  f a c i l i t a t e
data  col lect ion.

(3) Have all  noise related grievances and questions channel-
ed to the specially prepared personnel.

(4) Insure that those who operate and work with noise pro-
ducing devices are  in formed of  the i r  responsib i l i t ies
and about special problems (including those revealed
through complaints). Th is  is  a  mat ter  o f  course  for
cr i t ica l  problems but should also be done as a preven-
tative measure.

(5) Provide, on an ongoing basis, information on operations
and noise  abatement  e f for ts  to  in terested c i t i zen
groups and public agencies.
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CHAPTER 6 NOISE PLANNING STRATEGIES AND THEIR APPLICATION

The previous chapters in this manual contain background information
on the noise problem:

Chapter 2 -  the  nature  of  no ise

Chapter 3 - the assessment of noise

Chapter 4 - recommended acceptable noise levels

Chapter 5 - methods to reduce noise

This  in format ion is  ut i l i zed in  the  execut ion of  noise  abatement
programs. How such programs are developed and implemented is ex-
p la ined in  th is  Chapter .

F i g u r e  6 , Noise Abatement System, il lustrates how to implement noise
abatement  techniques and,  correspondingly ,  i l lust ra tes  the  re la t ion
of the elements in this Chapter. The Chapter  is  d iv ided in to  three
sections according to the three subject areas depicted:

( 6 - 1 )  D e f i

( 6 - 2 )  A n a l

( 6 - 3 )  M o n i

ne Problem

yze and Imp

t o r

lement Solutions

These sections are followed by three example problems.

Define Problem

Referr ing to  F igure  6 , to define the problem one must have the
informat ion a f forded by  the  Data  Base (Sect ion 6 -1 .1 ) .  Wi th  th is
basic data one can Identify the Impacted Areas (Section 6-1.2).

Analyze and Implement Solutions

When the noise problem has been identified, one can then analyze and
implement solutions. When attempting to mitigate an existing or
unavoidable noise problem, the planner should follow the S e l e c t i o n
a n d Application of Abatement Techniques process (Section 6-2.2),  but
whensearching for  an  acceptable  s i te  for  a  new st ructure ,  the  S i te
S e l e c t i o n  p r o c e s s  s h o u l d  b e  e x e c u t e d  ( S e c t i o n  6 - 2 . 1 ) .  I f  d u r i n g
si te  se lect ion an idea l  s i te  cannot  be  found,  then an invest igat ion
should be made of those abatement techniques which wil l  rectify the
situation or expand the number of potential  sites. (This  re la t ionship
is indicated by the dashed l ines leading to and from the Selection
and Application of Abatement Techniques process.)
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Monitor

After a site is chosen or an abatement program is executed, a
Monitoring Program (Section 6-3) should be implemented. Changes
in land use, the environment, the noise environment, and other data
base elements should be recorded into the Data Base for subsequent
verif ication that no new noise problems have resulted. I n  a d d i t i o n ,
when abatement techniques have been applied, field noise measure-
ments should be taken to substantiate their adequacy. This checking
mechanism is indicated by the return arrow at the bottom of Figure 6.

SUMMARY Of SECTION 6

1. Define Problem

a .  D a t a  B a s e

(1) Noise Environment Information

(2)  Noise  Source In format ion

(3) Land Use Data

(4) Economic Data

(5 )  Rece iver  Data

(6 )  Envi ronmenta l  Data

b. Identify Impacted Area

2. Analyze and Implement Solutions

a .  S i t e  S e l e c t i o n

(1) Gather Background Data

(2)  Determine Acceptable  S i tes

(3) Consider Abatement Techniques

(4)  Choose a  S i te

Section
6-1

6-1 .1

6 - 1 . 1 . 1

6 - 1 . 1 . 2

6 - 1 . 1 . 3

6 - 1 . 1 . 4

6 - 1 . 1 . 5

6 - 1 . 1 . 6

6 - 1 . 2

6 -2

6-2 .1

Page
6 - 5

6-5

6 -5

6 - 5

6 - 6

6 -6

6 -7

6 -8
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6-13

6-13
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3 .

Section Page
b. Selection and Application of Abatement

Techniques 6 - 2 . 2 6-15

(1) Review Abatement Alternatives

( 2 )  E v a l u a t e  A l t e r n a t i v e s

(3)  Develop P lan

(4)  Ident i fy  and Coordinate  wi th
Implementing Agencies

(5 )  Execute  P lan

Monitor

a . Monitoring Noise Levels

b. Monitoring Data Base Information

6 - 3 6-21

6-3 .1 6-21

6 - 3 . 2 6-23
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6-1 DEFINE PROBLEM

Determining where a problem or potential problem exists requires the
development of a data base.

6 -1 .1 DATA BASE

The first task performed in a planning program is the development of
a data base. Problem solv ing is  great ly  fac i l i ta ted i f  the  problem
is  accurate ly  and complete ly  ident i f ied . Gathering data should not
be a one t ime function. Processes should be set up which will
supply information on an ongoing basis, so that changes may be
detected when they occur.

6 - 1 . 1 . 1 NOISE ENVIRONMENT INFORMATION

The bases for defining a noise problem are noise contours and site
noise analysis. The planner wil l  develop and acquire this informa-
tion using the procedures set forth in Chapter 3, Noise Assessment
Techniques.

Noise levels wil l  not remain constant over t ime; missions change,
technology changes, vehicular  (ground and a i r )  t ra f f ic  leve ls  change,
e t c . When noise level changes are suspected, they may be verified by
in-field noise measurements, and when necessary instal lation personnel
can calculate adjustments in noise exposures. Where  s igni f icant  noise
level changes are suspected, a new analysis ( including computer con-
tour  runs)  should  be  in i t ia ted. Significant changes might include
cases where acceptable noise zones with builtup facil i t ies become un-
acceptable,  or where areas slated for future use are adversely Impacted.

6 - 1 . 1 . 2 NOISE SOURCE INFORMATION

In addi t ion to  noise  levels , relevant information on factors which
wi l l  a f fect  noise  leve ls  should  a lso  be  gathered. The list below
includes several of the important variables which are applicable to
most sources. The l ist of relevant variables should be expanded to
include other specif ic points of importance.

o Number of operations

o Projected number of operations

o Duration of operations

o Changes in operational procedures

o Time of operations
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o Constraints to operational changes

o Mission requirements

o Time schedules for technological changes

o Present abatement procedures

o Meteorological conditions which effect noise levels
a n d  l i m i t  o p e r a t i o n a l  f l e x i b i l i t y

o Other projected noise source changes

6-1 .1.3 LAND USE DATA

Land
base

use and noise data are the most important elements in the data
. Land use can be  d i rect ly  corre la ted  wi th  act iv i t ies;  e .g . ,

sleep, s t u d y ,  p l a y ,  e t c . , and noise  in ter ference is  a  funct ion of
a c t i v i t i e s . Thus, land use is a substitute measure of noise sensi-
t i v i t y . It  is also a convenient measure.

Land use information should be broken down into the classifications
presented in Chapter 4 and it  should be recorded structure by
st ructure . The data should be mapped at the same scale as the noise
contours to facil i tate overlay comparison. The choice of scale is
predicated upon the degree of accuracy required. At a minimum,
bui ld ing footpr ints  and s i te  boundar ies  should  be  c lear ly  d iscernib le .

Comprehensive, up to date information on land use often does not
e x i s t . I t  can be readi ly  obta ined,  though,  f rom the insta l la t ion
master  p lan  and analys is  of  current  aer ia l  photographs (wi th  f ie ld
v e r i f i c a t i o n ) . Information on proposed land uses, including
land use conversions, should also be gathered. C i v i l  p l a n n i n g  s t a f f
personnel  can ident i fy  fu ture  of f - insta l la t ions land use changes.

6 - 1 . 1 . 4 ECONOMIC DATA

Economic data, including building values (replacement costs),  land
values, construction costs, refurbishing costs, economic l i fespan,
e t c . , are  requi red for  s i t ing  and abatement  a l ternat ive  analyses.
The accuracy of cost/benefit  studies is dependent upon the uti l iza-
t ion of current and precise economic data. In addition, economic
d a t a  i s  u s e f u l  f o r  e s t i m a t i n g  t h e  l i k e l i h o o d  o f  o f f - i n s t a l l a t i o n
development and thus, a i d s  i n  i d e n t i f y i n g  p r i o r i t y  a r e a s  f o r  l a n d
development and potential land use incompatibil ity.  Economic reports
drawn up by local governments and large land owners can be useful.
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6-1.1.

Noise
f i r s t
graph

 5 RECEIVER DATA

receivers are an invaluable data resource, capable
hand information in the noise environment. In add
ic data is primary problem solving input.

Collecting Receiver Data

of  provid ing
ition, demo-

A noise abatement program by nature must be geared toward the noise
rece iver . To fac i l i ta te  th is  the  p lanner  must  re ly  upon census type
information and information gathered directly from the noise receiver.

Information about the number of people in noise impacted areas is
useful in establishing costs and benefits for noise abatement programs.
Tota l  populat ion and populat ion var iab les  can be  est imated f rom insta l l -
ation census or housing data, from the U.S. Census, or from land use
data.

As stated in  Sect ion 5-3 .2 .2 ,  Publ ic  Relat ions,  p lanners  should
establish a standardized procedure for receiving and compiling noise
complaints. This wil l  open l ines of communication and benefit  the
planner and complainant. The planner needs the f irst hand data
that noise receivers can supply and those affected by noise need to
a i r  the i r  compla ints  to  responsive  indiv iduals . Speci f ica l ly ,  com-
pla int  data  can be  usefu l  in :

(1 )  Substant ia t ing  the  greatest  no ise  nuisances and the
most objectionable hours of operation.

(2) Gauging the severity of a problem and the public and
indiv idual  act ions that  are  l ike ly  to  be  taken.

( 3 )  L o c a t i n g  h y p e r - s e n s i t i v e  i n d i v i d u a l s  a n d  a c t i v i t i e s .

(4 )  Substant ia t ing  noise  contours .

(5) Measuring the success of abatement programs.

S e n s i t i v e  A c t i v i t i e s

Some land use re la ted act iv i t ies  are  especia l ly  noise  sensi t ive  and
therefore  should  be  ident i f ied  for  specia l  considerat ion.  These
would  inc lude outdoor  areas  for  passive  recreat ion,  theatr ica l  per -
formances, etc. During moderate weather there are l ikely to be
greater  numbers  of  outdoor  act iv i t ies  suscept ib le  to  noise  in ter -
ference.
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Sensitive Groups

E a c h  c o m m u n i t y  w i l l  r e a c t  d i f f e r e n t l y  t o  n o i s e .  W h i l e  i t  i s  n o t  f u l l y
understood why react ions vary, severa l  var iab les  have been ident i -
f ied  which are  usefu l  in  assessing specia l  problems.  Al though a l l
populat ion groups are  t reated a l ike , for the purposes of analyzing
complaint data, the planner should be aware of those characteristics
r e l a t e d  t o  n o i s e  s e n s i t i v i t y .

Older people are more sensitive to sleep disturbance and less able
to return to sleep once sleep has been interrupted. They are also
more l ike ly  to  register  compla ints . Higher income groups are more
sensi t ive  to  envi ronmenta l  qual i ty  and are  a lso more  l ike ly  to  be
annoyed by noise (Reference 5-28). Fear of a noise source, such as
f e a r  o f  a i r c r a f t  c r a s h e s ,  w i l l  a l s o  l e a d  t o  i n c r e a s e d  s e n s i t i v i t y .

6-1.1.6 ENVIRONMENTAL DATA

An awareness of environmental l imitations is especially necessary
in  the  s i te  se lect ion process. Factors such as soil  conditions and
unique animal habitats should be considered along with noise in site
se lect ion. The weight  o f  each factor  is  an  insta l la t ion  pol icy
issue. Relevant environmental factors may include the following:

slope
s o i l  c h a r a c t e r i s t i c s
geologic  substructure  character is t ics
ground water resources
surface water resources
water  qua l i ty
marine environment
endangered species habitats
unique plant and animal habitats
historic landmarks
a i r  q u a l i t y
meteorologic conditions

Furthermore, when significant noise abatement programs are needed,
they ,  l ike  new construct ion , may require Environmental Impact State-
ments (EIS’s) or Environmental Assessments (EA’s).  The preparation
of these reports demand analysis of a wide variety of environmental
fac tors .

P lanners  should  g ive  a  susta ined ef for t  to  col lect ing and fami l iar iz ing
themselves with environmental data so that they can assess the impact
on probable sites and the effects of abatement programs. Environmental
factors  must  be  considered as  par t  o f  the  ana ly t ic  process,  not  a f ter
a site or abatement program has been selected.
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A library of useful documents should be assembled, and should include
r e l e v a n t  m i l i t a r y  a n d  c i v i l  E I S ’ s , EA’s ,  environmental  inventor ies ,
background reports,  etc. Civil documents can be obtained from local
federa l  agency of f ic ia ls  (Soi l  Conservat ion Serv ice ,  USGS,  e tc . )  and
non-federal governmental entit ies.

6 - 1 . 2 IDENTIFY  IMPACTED AREAS

After being assembled, the data base information is used to identify
existing or potential  adverse impacts. As explained below, this
process is  great ly  s impl i f ied  where  there  is  a  s ingle  noise  source
described by contours. Where there is more than one noise source and
overlapping noise exposures there is no simple graphical means to
identify composite exposures.

in cases where there is a single noise source depicted by contours,
adversely impacted areas can be identif ied by overlaying a map
of contours with a map of land uses. Those land uses which are un-
favorably impacted can be identif ied by visually scanning the compos-
ite map. Depending on the basis of the contours, either existing
or  potent ia l  conf l ic ts  may be  ident i f ied  in  th is  manner  ( re fer  to
F i g u r e  6 - 1 . 2 ) .

Identifying impacted areas is more complex where exposure is due to
more than one type of noise source. The addi t ive  e f fects  o f  no ise
must be taken into account by computing spot checks where excessive
noise exposures are suspected. Exposure derived by manual procedures
and contour interpolation can be combined through decibel addition
to obtain single point exposures. Such points might include the
fo l lowing:

o where contours overlap;

o where noise sources, not described by contours, a r e
located;

o where there is a nearby area of unacceptable
noise exposure; and

o where there have been noise complaints.

This intuit ive approach wil l  become more precise as the planner
gains  exper ience in  ident i fy ing potent ia l  and ex is t ing t rouble  spots
and in calculating noise exposures.

As described in Section 3-9, Cumulative Noise Exposure for All  Sources,
there are two phases to site selection: preliminary screening and site
screening. Init ial ly,  contours (and the aforementioned spot checks)
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are used to identify unacceptable areas, which can then be excluded
from fur ther  analys is . Next ,  potent ia l  s i tes  can be  ident i f ied ,  and
noise  leve ls  can be  ca lcu la ted a t  these speci f ic  points .
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FIGURE 6-1.2 IDENTIFYING NOISE CONFLICT AREAS

STEP 1- MAP NOISE IMPACTED AREAS (NOISE CONTOURS)

STEP 2 - MAP NOISE SENSITIVITY ZONES (LAND USE)

tent of (Proposed)

ot Inhabited by Humans)

STEP 3 - IDENTIFY CONFLICTS

6-11



IDENTIFYING NOISE
FIGURE 6-1.2 (CONTINUED) CONFLICT AREAS

DESIGNATION COMPATIBLE

6 5 - 6 9 Ldn - -

* >, Means GREATER THAN

< Means LESS THAN

> Means GREATER THAN OR EQUAL TO
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6-2 ANALYZE AND IMPLEMENT SOLUTIONS

With  respect  to  contro l l ing  the  noise  envi ronment ,  the  p lanner  wi l l
typ ica l ly  be  involved in  one of  three  sets  of  c i rcumstances. F i r s t ,
f o r  f u t u r e  f a c i l i t y  s i t e  s e l e c t i o n  t h e  p l a n n e r  w i l l  s e e k  t o  a v o i d
noise problems. Next, in cases where there are no sites free of
unacceptably high noise levels, i t  w i l l  be  necessary  to  incorporate
abatement techniques into the init ial  design process to preclude
noise problems. F ina l ly ,  where  there  is  an  ex is t ing noise  problem,
techniques should be selected and applied to ameliorate that
problem.

6-2.1 S ITE SELECTION

S i t e  s e l e c t
no i se impac

ion is a fundamental and effective means to avo
t s . The process consists of four main steps.

(1) Gather Background Data

(2)

id adverse

Problem solv ing f i rs t  requires  def in i t ion of  the  prob-
lem and associa ted  factors  ( re fer  to  Sect ion  6 -1 ,
Define Problem). I t  is  important  to  understand the
e x i s t i n g  s t a t e  o f  a f f a i r s ,  a n d  i n  t h e  c a s e  o f  s i t i n g ,
an added emphasis must be placed on anticipating
future  condi t ions. This pertains to each Data Base
f a c t o r  ( S e c t i o n  6 - 1 . 1 )  e s p e c i a l l y  t h e  f o l l o w i n g :

o Noise - the  expected noise  leve ls  ( inc luding
noise levels to be generated by the proposed
f a c i l i t y ,  e . g . , i n c r e a s e d  t r a f f i c )  o v e r  t h e  l i f e
span of  the  proposed fac i l i ty

o Land use - future requirements which may have
ramifications on current land use decisions

o Noise  source -  technologica l ,  miss ion and other
possible changes which may effect the future noise
environment.

P h y s i c a l  f a c i l i t i e s  a r e  c o s t l y ,  p e r m a n e n t  i n v e s t -
ments and those things which may lessen their useful-
ness must be anticipated.

Identify and Describe Acceptable Sites

Land use relationships and project requirements must
be the main consideration in the choice of building
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s i t e s . However, site selection also involves many
other  factors :

Noise
Topography
Access
A v a i l a b i l i t y  o f  u t i l i t y  s e r v i c e s
Various hazards:

Geologic
Seismic
Erosion
Flood
Soi l  shr ink /swel l
Ordance safety zones
Aircraf t  acc ident  potent ia l  zones
A i r f i e l d  s a f e t y  c l e a r a n c e  c r i t e r i a

Soi l  bear ing capaci ty
S o i l  l i m i t a t i o n s  f o r  s e p t i c  t a n k  f i l t e r  f i e l d
Unique vegetat ion or  wi ld l i fe  habi ta t
Mineral resources
Aquat ic  resources ( r iver ,  lake ,  watershed,  e tc . )
H is tor ic  or  archaeologic  s i te

Projects which are “ inf i l l ”  between ex is t ing  develop-
ments  wi l l  usual ly  not  requi re  extensive  eva luat ion
beyond a noise assessment. However, master planning
ef for ts  involv ing future  land use conf igurat ions and
s i t e  i d e n t i f i c a t i o n  i n  u n d e v e l o p e d  a r e a s  o f  a n  i n s t a l l -
a t ion  wi l l  requi re  a  more  in -depth  analys is  of  a  greater
number of factors.

Maps are convenient for storing and manipulating data .
The following graphic processes can be used to screen
and/or  se lect  s i tes:

(a )  Map a l l  per t inent  data  (see  above)  on separate
sheets  o f  c lear  aceta te .

(b )  Use exper ience and in tu i t ion  to  establ ish
potent ia l  s i tes  and ident i fy  each of  those s i tes
on a base map.

(c) Overlay each data map on the base map and
annotate problems and drawbacks; e.g., adverse
noise environment, geologic hazards, etc.

For ease of analysis, each data map should be shaded
according to  the  sever i ty  of  impact  or  l imi ta t ion.
For example, the  areas  wi th  s l ight  so i l  bear ing
capaci ty  l imi ta t ions should  be  depicted wi th  l ight
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shades of  co lor ,  areas  wi th  more  severe  l imi ta t ions
should be darker, and areas completely unacceptable
under any circumstances nearly opaque. O t h e r  s i t e
se lect  ion  cr i ter ia , such as proximity to domestic
water supply and seismic hazard, can also be mapped
in this manner. The number of gradations delineated
on the maps wil l  be a function of the available base
data and the requirements of the planner.

The map comparison approach can be used for initial
s i t ing  in  l ieu  of  s tep “b”  above, After the shaded
data maps have been prepared, the maps depicting
criteria relevant to the proposed land use should be
simultaneously overlayed on an unmarked base map. A l l
acceptable  s i tes  wi l l  be  revea led  as  c lear  spots ,  and
the darker the composite shading the less desirable
t h e  l o c a t i o n  w i l l  b e .  ( F o r  f u r t h e r  i n f o r m a t i o n  a n d
examples see Reference 5-13.)

(3) Consider Abatement Techniques

I t  may not  be  possib le  to  obta in  a  s i te  that  wi l l
s a t i s f y  a l l  c r i t e r i a . Therefore, it may be necessary
to  consider  modi f icat ions which wi l l  render  a  s i te
acceptable. Ut i l i za t ion of  the  procedure  out l ined
in Section 6-2.2, Select ion and Appl icat ion of  Abate-
ment Techniques, should  reveal  v iable  noise  amel iorat -
ing solutions. These can be compared with non-noise
design and site modifications to determine the best
method of  creat ing a  su i tab le  s i te .

(4 )  Choose a  S i te

As a result of the previous steps the planner should
have a l ist of one or more sites and the noise abate-
ment measures and site modifications that wil l  make
them acceptable for use. The costs and benefits of
each site should be assessed in the manner outlined
under  Evaluate  Al ternat ives ,  in  the  fo l lowing sect ion.
The planner and others involved in site selection
can thus arrive at a recommendation to be acted u p o n
by the approving authority.

6 - 2 . 2 SELECTION  AND APPLICATION OF ABATEMENT TECHNIQUES

When it  is determined that noise abatement is needed and the existing
or potential noise problem has been identif ied and assessed, the
analysis and implementation phase of noise abatement can be init iated.
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This procedure contains f ive steps: (1) review/analyze abatement
a l t e r n a t i v e s , ( 2 )  e v a l u a t e  a l t e r n a t i v e s ,  ( 3 )  d e v e l o p  p l a n ,  ( 4 )  i d e n t i f y
and coordinate with implementing agencies, and (5) execute plan.

(1) Review/Analyze Abatement Alternatives

First the planner should review the abatement alter-
natives presented in Section 5. Experts should be
consulted as needed to obtain further details. Through
th is  process a  set  o f  potent ia l ly  feas ib le  techniques
should be chosen for additional study. A wide range of
possible approaches should be considered because:
1) noise problems normally require more than a single
means of abatement; and 2) during the selection process
many approaches will be dropped from consideration,
and those which appear infeasible at the outset may
become practicable.

( 2 )  E v a l u a t e  A l t e r n a t i v e s

Procedurally the evaluation of noise abatement alter-
natives is the same as any project evaluation process.
In  th is  case,  the  p lanner  develops a  l is t  o f  a l terna-
t i v e s . This  l is t  is  modi f ied  by  exper ts  and technic ians
in  the  f ie ld  of  concern. The recommendations are sub-
mi t ted  to  the  approving author i ty  for  rev iew,  modi f ica-
t ion,  and approval .

The bas is  of  eva luat ing a l ternat ive  p lans is  the
comparison of the magnitude and distribution of costs
and benefits resulting from implementation of the plans.
Noise abatement strategies do not lend themselves to
analysis by formal cost/benefit  analysis because key
v a r i a b l e s , such as benefits of reducing noise, are not
e a s i l y  q u a n t i f i e d . Values or costs can be assigned,
but only for comparative purposes.

Costs to be considered should include the following:

(a )  Costs  of  implementat ion (e .g . ,
ments, s ta f f  t ime,  consul tant
changes,  e tc . ) .

(b) Long-run costs (fuel consumpti
e t c . ) .

capi ta l  improve-
fees ,  operat ional

on, maintenance,
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(c )  Costs  of  a f fect ing  the  natura l  env i ronment
( e . g . ,  d e g r a d a t i o n  o f  a i r  q u a l i t y ,  a l t e r a t i o n  o f

wildlife habitat, etc.).

( d )  C o s t s  o f  f o r e g o i n g  t h e  u s e  o f  i n s t a l l a t i o n  l a n d
(where abatement in one place shifts noise impact
to  another  p lace) .

( e )  C o s t s  o f  r e s t r i c t i n g  o f f - i n s t a l l a t i o n  l a n d  u s e
( e . g . , foregone taxes , probable dampening effect
on development, etc.) .

( f )  C o s t s  o f  p e r m i t t i n g  n o i s e  i m p a c t  ( e . g . ,  l i t i g a t i o n ,
physiological and psychological costs, reduction
in usable land, poor public image, depressed land
values, reduced economic  act iv i ty ,  e tc . ) .

The benef i t  o f  abat ing noise  is  bas ica l ly  the  reduct ion
o f  t h e  c o s t s  o f  p e r m i t t i n g  i t  t o  e x i s t .

To  fac i l i ta te  comparat ive  analys is ,  va lues  can be  g iven
to  non-quant i f ied  costs  and benef i ts .  Assigned va lues
or costs will vary depending on who assigns them.
Therefore, care must be taken not to incorrectly weight
a  v a r i a b l e  a s  t h i s  w i l l  d i s t o r t  r e s u l t s . Value deci -
s ions made by an in terd isc ip l inary  group are  l ike ly  to
be the  least  b iased.

The particular costs and benefits to be measured and
t h e  v a l u e  t h e y  a r e  g i v e n  w i l l  d i f f e r  f r o m  s i t u a t i o n  t o
s i t u a t i o n , There  wi l l  be  a  substant ia l  d i f ference
between the on- a n d  o f f - i n s t a l l a t i o n  s i t u a t i o n s .  A
sole ly  mi l i tary  problem wi l l  involve  the  wel fare  of
impacted individuals and cost and benefits to the
federal government. A n  a n a l y s i s  o f  o f f - i n s t a l l a t i o n
impacts must, in addition, take into account the view-
points  of : the resident, who is concerned about his
welfare and monetary costs he may have to bear; the
businessman, who wants to promote a healthy economy;
and the local government, which is advocating the
interests of residents and businessmen on the environ-
mental, s o c i a l ,  p o l i t i c a l , and economic fronts.

(3 )  Develop P lan

The next step in the noise abatement procedure Is the
development of an abatement plan. Such a plan wil l  be
instrumenta l  in  avoid ing the  p i t fa l ls  of  a  p iecemeal
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approach to noise reduction, A cohesive and well
defined plan wil l  serve as the backbone of an abate-
ment program and will assure program consistency
despite personnel changes,

Af ter  the  re la t ive  costs  and benef i ts  o f  the  abatement
techniques have been compared and the optimum techniques
chosen, then a  set  of  implementat ion pr ior i t ies  should
be set. In instances where abatement programs conflict,
i t  i s  b e s t  t o  d e v e l o p  p r i o r i t i e s  d u r i n g  t h e  i n i t i a l
evaluation procedure.

The basis of the priorit ies should be agreed upon at
the  outset . Some of the considerations that should be
resolved are as follows:

(a) Should undeveloped areas have priority over areas
where development is established?

(b)  Should  federa l  resources be  the  pr imary  basis  for
decision making?

(c) Should the most “severely” impacted areas be given
top priority regardless of the costs of abatement?

An abatement program will be based on established
p r i o r i t i e s . Through coordination with other involved
indiv iduals  and agencies  (enumerated la ter )  pr ior i t ies
can be developed into a realistic implementation program.
The availabil ity of funding must be balanced against
abatement needs and operative constraints to arrive at
a  t i m e t a b l e  o f  a f f i r m a t i v e  a c t i o n . The abatement plan
should describe:

(a )  What  is  to  be  done.

(b)  Where  i t  is  to  be  done.

(c) When it is to be done.

i t  is  to  be  done ( resource  a l locat ion) .

(e )  Who i ’s  to  do i t .

Major plans should enumerate the specific measure to
be accomplished over a f ive year period. In the mid
range (5 to 10 years) and long range (10 years and on),
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the  p lan  should  s ta te  in  decreasing speci f ic i ty  the
genera l  types of  th ings that  should  be  achieved.  For
example, i f  t h e r e  i s  a  l o n g - r a n g e  p r o j e c t i o n  t h a t  a i r -
craft  operations wil l  increase by a prescribed amount,
then a long-term abatement measure should be sketched
o u t , such as insulating, converting, or removing "x”
number of structures in certain areas. As time passes
and the long range becomes the short range, plans should
be made more  expl ic i t ;  i .e . ,  they  should  cover  the  f ive
points  l is ted above. The abatement plan should be
updated annually, and progress on implementation should
be checked quarterly.

Whether  an abatement  p lan is  re la t ive ly  s imple  (e .g . ,
the  ut i l i za t ion of  acoust ic  construct ion)  or  complex
( e . g . , a f f o r d i n g  p r o t e c t i o n  t o  a  s i n g l e  a r e a  b y  u t i l i -
z ing a i rcraf t  operat ions modi f icat ions wi th in  the  con-
text of changing aircraft types and missions) planners
should develop a specific strategy of execution before
set t ing  out . They should assemble their data base,
ident i fy  ind iv iduals  who wi l l  take  par t  in  the  program,
and set up a procedure by which a plan can be developed.

(4 )  Ident i fy  and Coordinate  wi th  Implement ing Ent i t ies

Concurrent  wi th  the  eva luat ion  of  a l ternat ives  and p lan
development, the planner should identify those agencies,
m i l i t a r y  a n d  c i v i l i a n , t h a t  w i l l  b e  i n v o l v e d  i n ,  o r
a f fec ted  by , the implementation of proposed noise abate-
ment plans. While coordination with some agencies wil l
not be required, a  broad base of  contacts  wi l l  genera l ly
aid in data gathering and information dissemination and
h e l p  e l i c i t  s u p p o r t . For the same reasons it  is impor-
t a n t  t o  c o o r d i n a t e  w i t h  o t h e r  e n t i t i e s  a s  e a r l y  i n  t h e
process as possible.

T h i s  i s  c r i t i c a l  w h e n  d e a l i n g  w i t h  t h e  o f f - i n s t a l l a t i o n
environment. Ear ly  coordinat ion wi th  loca l  agencies
should prevent unnecessary problems. When there is a
p o t e n t i a l  o f f - i n s t a l l a t i o n  i m p a c t ,  i t  c a n  b e  a n t i c i p a t e d
that an environmental impact statement wil l  be needed
and that the regional A-95 clearinghouse will  become
involved. Planners should familiarize themselves with
local regulations and OMB Circular A-95.
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(5)

Funding is  l ike ly  to  be  the  contro l l ing factor  in  an
abatement  program and,  therefore ,  the  ava i lab i l i ty  of
funding should be investigated as soon as feasible.
If  personnel responsible for requesting (and persons
responsib le  for  grant ing)  funds are  fu l ly  in formed of
the  nature ,  extent ,  and sever i ty  o f  the  problem,  the
chances for receiving adequate funding wil l  be enhanced.

Execute Plan

Once the what, where, when, how and who of an abatement
program has been defined, subsequent approval will
in i t ia te  the  actua l  program. A t  t h i s  j u n c t u r e  t h e
planner may assume a variety of roles ranging from
passive, where direct implementation is to be executed
by others, to active, where on-going coordination and
superv is ion is  required.
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6-3 MONITOR

The final step in the noise abatement procedure is monitoring, which con-
sists of two parts: 1) monitoring noise levels; and 2) monitoring Data
Base information.

Monitoring and plan review should not be done at random. Formalized pro-
cedures should be established and assigned to staff members. The amount
of time that must be devoted to these functions will be a function of the
severity of an installation’s noise problem. Monitoring of blast noise and
other extremely random and unusual sources require special planning, equip-
ment and techniques,

Siting and abatement plans are based on today’s information of tomorrow’s
s i tuat ion. The noise environment is not static, Technology changes, as
do missions and operational procedures. Thus, the planner is required to
accommodate the unknown. Maintaining open lines of communication with per-
sonnel directly responsible for noise sources and other key decision makers
is imperative.

Even with the best information, though, one cannot anticipate all  the short
range decisions which may alter the environment. I t  i s , therefore ,  adv is -
able to take a conservative approach to noise planning, Protective safety
factors should be built in every abatement strategy. In practice this may
require, for example, “over designing " barriers or providing more than
adequate buffer space between noise sources and built up areas.

6-3.1 MONITORING NOISE LEVELS

After  a  s i te  has been se lected for  a  proposed fac i l i ty ,  i f  i t  is  geogra-
phically near an area of unacceptable noise exposure, then an in-f ield
spot check using a noise level meter should be made. S i m i l a r l y ,  a f t e r
implementation, an abatement program or measure should be field checked
to insure that the desired results have been achieved. The precautions
to be taken in analyzing short term noise measurements are enumerated in
Chapter 2.

Long term continuous monitoring may be appropriate in specialized cases;
to gather data for cases involving l i t igation or to resolve noise exposure
questions at sites having controversial  land uses. Because of operational
and reasonal weather changes , even 90 days of continuous monitoring may
be insuf f ic ient . In extreme conditions, a one year time period may be
required.

All  monitoring requirements should be referred to the installation bio-
environmental engineer or health and environment officer.

NOTE : Moni tor ing systems for  b last  noise ,  r i f le  f i re ,  ro tary-wing a i rcraf t ,
and other noise sources  with a high crest factor require instrumentation
that computes the “true” integra l  as  speci f ied  in  the  def in i t ion of  Ld n  a n d
L C d n. Normal sound level meter detectors are unacceptable for this purpose.

Noise Monitoring Systems

There are numerous noise monitoring systems on the market. They range in
complexity (and price) from the simple sound level meter to sophisticated
systems with microphones (receivers) linked to
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computers which automatically analyze, compute, and record the daily
noise exposure and analyze number and types of noise events. The
monitoring systems within this range can be described as either
portable  or  f ixed point  ( for  cont inuous moni tor ing) .  For  the  most
commonly required types of measurements, namely short term or spot
check, portable systems (as described below) are appropriate.

Direct observat
factory  for  the
when the noise
noise  leve ls  a t

ion of standard sound level meter readings is satis-
simplest noise monitoring tasks. Such cases may arise

is relatively constant and where one is concerned about
a certain t ime of day or where noise levels can be

predicted from measurements taken over a l imited period. There are
observation techniques for making systematic meter readings at
p e r i o d i c  i n t e r v a l s . From the  data  the  s ta t is t ica l  prec is ion of  the
measurements can be calculated. This approach could be used to
monitor traff ic noise during peak periods of the day.

More complex portable monitoring systems consist of a noise metering
device  wi th  recording capabi l i ty ,  The recording output  can be
graphic; showing the  var ia t ion in  noise  leve ls  wi th  t ime. From
graphical records the noise environment level can be calculated
manually. This can be a cumbersome process, particularly where large
var ia t ions in  noise  leve ls  are  observed. The typical cost of such a
system is on the order of $1,000 to $2,000.

When s igni f icant  var ia t ions in  noise  leve ls  occur  in  short  t ime
periods, such as aircraft  f lyover noise, systems which provide auto-
mat ic  analys is  of  noise  data  and storage capabi l i t ies  are  desi rable .
A number of cit ies have opted for these types of systems. The major
components may be as follows:

o A sound level meter.

o A “receiver” which records the sound level meter data
on magnet ic  tape (usual ly  in  d ig i ta l  form) .

o A standard programmable calculator which analyzes
the  magnet ic  tape  data  to  ca lcu la te  Ldn or  des i red
statistics of the noise measures.

A system of  th is  nature  costs  about  $10 ,000.  I f  an  insta l la t ion
possesses a programmable calculator,  i t  can be used directly, thus
reducing the above cost by about one half .  When it  is necessary to
monitor several sites simultaneously, the use of tape recorders can
avoid duplication of expensive equipment. Tape recordings can be
played back into a sound level meter - programmable calculator system
for  analys is . An a l ternate  type of  inst rumentat ion involves:
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o A sound level meter.

o A smal l  se l f -conta ined d ig i ta l  micro-programing uni t
t o  c a l c u l a t e  t h e  d e s i r e d  Leq  o r  Ld n.

o A pr intout  device  which pr ints  the  desi red va lue  at
h o u r l y  o r  d a i l y  i n t e r v a l s .

This approach eliminates the need for a separate programmable calcu-
l a t o r . Typical costs per unit  run from $8,000 to $10,000.

6-3.2 MONITORING DATA BASE INFORMATION

Describing a noise problem involves more than defining the noise
environment. An understanding of the factors outl ined in Section
6 - 1 . 1 ,  D a t a  B a s e ,  i s  c r i t i c a l  t o  t h e  n o i s e  a b a t e m e n t  p r o c e s s .  I n
addi t ion,  th is  in format ion must  be  cont inual ly  updated.

Moni tor ing Data  Base in format ion he lps  to  def ine  the  ex is t ing envi r -
onment, and aids in defining the future environment and potential
problems.

Noise Source Information

Modi f icat ion of  a  noise  source  or  i ts  operat ion can af fect  noise
l e v e l s . With thorough information about projected changes the
planner can anticipate and avoid possible problems. information on
the modi f icat ion or  operat ion of  noise  sources wi l l  usual ly  be
obtained from activity commanders. Planners should sensitize
commanders to their needs and obtain formal authorization to secure
appropr ia te  data .

Land Use Data

Vacant land can be developed with intense uses on short notice.
Therefore, the planner must keep informed of proposed changes. For
o f f - i n s t a l l a t i o n  l a n d ,  t h i s  w i l l  r e q u i r e  t h e  f o l l o w i n g :

(1) Reviewing environmental impact statements for local
development.

(2 )  Stay ing abreast  o f  important  zoning changes,  genera l
plan changes, public facil i ty improvements (road and
u t i l i t y  e x t e n s i o n s ) .

( 3 )  R e v i e w i n g  l o c a l  j u r i s d i c t i o n  p o l i c i e s  a n d  p l a n s .
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(4 )  Updat ing land use in format ion wi th  the  use  of  aer ia l
photographs and in-f ield observation.

Economic Data

Economic data wil l  most l ikely be derived from special studies
p e r f o r m e d  b y  l e n d i n g  i n s t i t u t i o n s ,  t h e  m i l i t a r y ,  c i t i e s ,  c o u n t i e s ,
and large land owners. T h e  p l a n n e r  w i l l  h a v e  t o  t a k e  t h e  i n i t i a t i v e
to secure these reports. Ci ty  p lanners , i n s t a l l a t i o n  a r c h i t e c t s ,
c i v i l  e n g i n e e r s , and public works officers should be aware of the
presence and ava i lab i l i ty  o f  such repor ts .

Receiver Data

Informat ion on noise  rece ivers  can be  kept  current  by  ut i l i z ing the
standardized procedure for receiving and compiling noise complaints
speci f ied  in  Sect ion 6 -1 .1 .5 ,  Receiver  Data ,  and rev iewing census
data as necessary.

Environmental Data

As with economic data, planners wil l  have to rely mainly on studies
performed by others to acquire information. Because of the range of
envi ronmenta l  factors ,  p lanners  should  compi le  a  l is t  o f  those that
are  appropr ia te  to  the i r  needs and then l is t  a l l  the  possib le  sources
f o r  t h a t  i n f o r m a t i o n . For example, 1)  the state of ground water
resources could be found in reports prepared by the U.S. Army Corps
of Engineers, the U.S. Geologic Survey, or  insta l la t ion engineers  and
2)  unique animal  habi ta ts  might  be  located wi th  the  a id  of  specia l
installation studies such as those prepared by the Waterways Experi-
ment Station (U.S. Army Corps of Engineers) as well  as those performed
by sc ient is ts  and students  f rom loca l  co l leges.  The updat ing process
requires acquainting information disseminating agencies of planning
needs so that relevant materials might be forwarded as they become
a v a i l a b l e .
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EXAMPLE 6a SITE SELECTION

PROBLEM:

Locate a suitable on-installation site for x units of family housing. It has been determined that the housing must occupy a single site of
y acres and be within a prescribed distance of selected support facilities.

SOLUTION:

1. Gather background data (Section 6-2.1, No. 1). Data Base information, Section 6-1.1, has been assembled and mapped and is
current.

2. Identify and describe acceptable sites (Section 6-2.1, No. 2)

a. Based on experience and personal knowledge of the installation, the planner identifies sites A and B which meet selection
criteria.

b. Sites A and B are delineated on a base map.
c. Clear sheets of plastic denoting Data Base information are overlayed separately on the base map to indicate site assets and

limitations.

3.

1) Site A is found to be in a flood plain and is subject to two feet of flooding once every ten years and five feet of flooding
once every 60 years. Site A also has soil bearing capacity limitations.

2) Site B is located near a major installation roadway and according to the noise impact map (Section 6-1.2) one half of the
site has an existing adverse noise exposure (with respect to the family housing noise criteria, Figure 5-4). An estimate
is made of the future noise environment over the period of the life of the project: 30 years. Future traffic levels,
including those resulting from the project, indicate that in the future the entire site will be adversely impacted.

Consider abatement techniques (Section 6-2.1, No. 3). Both sites will require modifications before either will be suitable for
family housing. The possible costs and benefits of these modifications should be enumerated for subsequent quantification and
cost-benefit analyses. The most practicable modifications/abatement techniques are presented below. (See Matrix, next page.
The lists of modifications, costs, and benefits are examples and are not meant to be exhaustive.)

4. Evaluate alternatives (Section 6-2.2, No. 2)
At this juncture the possible alternatives are investigated in further depth. Although not done below, costs and benefits en
quantified and assigned specific monetary values, if possible.

a. Alternative 1: Engineers have calculated that the weight of the fill material might cause ground failure because of the soil
bearing capacity limitations to high loads: therefore, this alternative is rejected.

b. Alternative 2: Preliminary cost estimates indicate that a levee will cost more then guidelines for this project permit, and this
altarnative is tentatively rejected (pending demonstration of a better alternative).
(The evaluation of Alternatives 3, 4, and 5--the Site B  alternatives--cannot be performad without a conceptual site plan
layout, because the acoustic environment is dependent upon the physical layout of buildings and land uses. Therefore, a site
plan is developed which incorporates as many techniques as possible to mitigate noise; e.g., the active recreation area Is
located adjacent to the roadway, the first tier of homes is buffered by carports, the first tier of homes is oriented to lessen
noise impact on patio areas, etc. The following alternatives are evaluated in light of the acoustic improvements afforded by
the conceptual site plan.)

c. Alternative 3: It has been determined that 60% of the traffic traveling by Site B is going to and from Locations P and Q.
An alternative, but longer, route between these points can be utilized but will require the construction of one light signal
before it can be used. The costs and benefits of this alternative (as listed in Step 3) are quantified and compared in l

cost/benefit analysis.
d. Alternative 4: Preliminary acoustical analysis indicates that a 6 foot wall would be required to abate the current noise

Ievels, and a 9 foot wall would be required to abate the levels that are likely to exist in 30 years (the life of the project).
Because of space and cost considerations, a 5 foot wall supported by a 4 foot earth berm is selected for preliminary analysis
purposes. The costs and benefits of this alternative (as listed in Step 3) are quantified and compared in a cost/benefit
analysis.

e. Alternative 5: Referring to the previous sketch and Figure 4-6, it can be seen that protection from future (30 years hence)
noise levels will require that approximately one-half of the homes have an NLR of 25 and one-half an NLR of 30. The costs
and benefits of this alternative (as listed in Step 3) are quantified and compared in a cost/benefit analysis.
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EXAMPLE  6a
SITE SELECTION

(CONTINUED)

5. Choose a site (Section 6-2.1, No. 4). The planner rank orders the alternatives according to the results of the cost/benefit
analyses and other factors deemed important for ultimate site selection. Site B Alternative 5 is chosen.

6. Develop abatement implementation plan (Section 6-2.2, No. 3). A short range (direct implementation) plan is developed to
facilitate the execution of acoustical construction.
a. What is to be done:

1) An NLR 25 is to be achieved in certain designated structures.
2) An NLR 30 is to be achieved in certain designated structures.

b. Where it is to be done: Site B
c. When it is to be done:

1) Design drawings are to be completed by (date).
2) Construction is to be completed by (date).
3) Post construction monitoring is to occur by (date).

d. How it is to be done: An additional allocation of x dollars is to be acquired for acoustical treatment.
e. Who is to do it:

1) An architect/engineer (A/E) with soundproofing expertise will be hired to develop construction drawings.
2) Construction inspection is to be performed by individuals familiar with acoustical construction.
3) Post construction monitoring will be performed by installation personnel.

7. Identify and coordinate with implementing entities (Section 6-2.2, No. 4) and execute plan (Section 6-2.2, No. 5).

a. Planner assures that requests for A/E proposals outline acoustical requirements.
b. Planner assures that NLR performance criteria are included in contract with A/E.
c. Planner assures that NLR performance criteria are included in contract with construction contractor.
d. Planner assures that post construction acoustic performance is performed and criteria are met.

POTENTIAL POTENTIAL
MODIFICATION ADVANTAGES DISADVANTAGES/COSTS

A Raise the grade of the site 5 ft. a. Reduce severity of flooding a. Cost of fill material and placement
b. Not foolproof (flooding could be greater

than 5 ft.)
C. Potential property loss in flood
d. Potentially unsightly

2

3

A

B

Construct levee along stream

Reroute a portion of the
traffic to another road

a. Reduce severity of flooding
on site and in adjacent areas

a. Reduce noise at site
b. Reduce dust, air pollution

and other localized effects
of the roadway

a.

b.
C.
d.
e.

a.
b.

C.
d.

Cost of levee (design and construction)
Not foolproof
Potential property loss in flood
Unsightly
Maintenance of levee

Cost of additional signalization
Future traffic noise will rise to an
unacceptable level in 15 years
More traffic noise adjacent to new route
Roadway users costs related to longer new
route (delay time, fuel consumption, etc.)

5

Construct noise barrier

Acoustic construction

a. (as 3a above)
b. (as 3b above)

a. (as 3a above) a. Cost of acoustic construction
b. Reduce heating and b. No acoustic advantages to exterior

cooling costs environment

a. Cost of barrier
b. Maintenance of barrier
C. Unsightly
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E X A M P L E  6 b
MISSION CHANGE -  CONCEPTUAL APPROACH

T O  I D E N T I F Y I N G  I M P A C T E D  A R E A S

PROBLEM:

Aircraft operations have been altered significantly because of a mission change. Identify the

acoustic problems that may have resulted from this change and develop means to solve them,

if needed.

SOLUTION:

1. The Data Base information (Section 6-1.1) has been assembled and mapped and, before

analysis, it is verified that all information is current. The noise environment information

(Section 6-1.1.1) portion of the Data Base is updated through the generation of new

contours. (Future noise levels are not available.)

2. Identify impacted areas (Section 6-1.2).

a. The new aviation noise contour map is overlayed on the land use map (as

demonstrated in Figure 6-1.2) to identify areas of noise conflict, and none are

found.

b. The noise contour map for major roadways is then overlayed on the land use and

aviation contour maps to see if there are areas where the composite noise levels

might be at an unacceptable level. A potential problem is detected where two

classroom structures are impacted by roadway and aviation noise.

C. Determine the composite noise levels.

CLASSROOMS

ROAD AIRCRAFT NOISE
NOISE CONTOURS

(1) Select the most severely impacted points or areas near the classrooms. There

are no exterior land uses so a window on each structure is chosen (A and B).

(2) Ldn at A = Roadway Ldn + Aircraft Ld n

= 61 dB (calculated using Figure 3-6.2.1a)

+ 61 dB (interpolated from contours)

L d n
64 dB (decibel addition, Figure 2-1.2a)

(3) Ldn at B =  6 1  d B + 6 0 d B

=  6 4 d B

d. Based upon the noise criteria (Figure 4-5), neither structure is adversely impacted.

e. No immediate action required, but potential problem area noted for periodic

re-examination.
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P R O P O S E D  N O I S E  S O U R C E  M O D I F I C A T I O N  -
E X A M P L E  6 c I D E N T I F Y I N G  P O T E N T I A L  C O N F L I C T S

PROBLEM:

It is learned that artillery operations at one firing range may be shifted to another range.. Identify

potential noise environment problems.

SOLUTION:

1. The Data Base information (Section 6-1.1) has been assembled and mapped and, before

analysis, it is verified that all information is current. The probable noise environment

change resulting from the proposed change in operations is quantified by the generation

of future case contours.

2. Identify potentially impacted areas (Section 6-1.2). The new noise contour map is

overlayed on the land use map (as demonstrated in Figure 6-1.2) and it is discovered that

20 acres of housing and administrative structures will be adversely impacted.

3. Select possible abatement techniques (Section 6-2.2).

a. Review/analyze abatement alternatives (Section 6-2.2, No. 1) in the manner

illustrated in Step 3 of Example 6a.

b. Evaluate alternatives (Section 6-2.2, No. 2) in the manner illustrated in Step 4 of

Example 6b.

C. Present a statement of the potential problem, the means by which it can be solved,

and the monetary and non-monetary cost and benefits of each possible solution to

the approving authority, so that the decision to modify operations can be weighted

in light of the acoustic ramifications.
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GLOSSARY OF TERMS

Annual Average Busy Day - The number of annual average busy day
operations is the average of the twelve monthly averages of work-
day operations, (See 3 -1 .  1 .2  for  fur ther  explanat ions. )

Audible Range (of Frequency) (Audio-Frequency Range) - The frequency
range 16 Hz to 20,000 Hz (20kHz). This  is  convent ional ly  taken to
be the normal frequency of human hearing.

A-Weighted Sound Level, A-Level (AL) - The ear does not respond
e q u a l l y  t o  s o u n d s  o f  a l l  f r e q u e n c i e s ,  b u t  i s  l e s s  e f f i c i e n t  a t  l o w
and high frequencies than it  is at medium or speech range frequencies.
Thus, to obtain a single number representing the sound pressure level
of a noise containing a wide range of frequencies in a manner approxi-
mat ing the  response of  the  ear ,  i t  is  necessary  to  reduce,  or  weight ,
the effects of the low and high frequencies with respect to the medium
frequencies. Thus, the low and high frequencies are de-emphasized
with the A-weighting.

The A-scale  sound leve l  is  a  quant i ty ,  in  decibe ls ,  read f rom a  s tand-
ard  sound- leve l  meter  wi th  A-weight ing c i rcui t ry . The A-scale weight-
ing discriminates against the lower frequencies according to a
re la t ionship  approximat ing the  audi tory  sensi t iv i ty  of  the  human ear .
the A-scale sound level measures approximately the relative “noisiness”
o r "annoyance" of many common sounds.

Broad-Band Noise - Noise whose energy is distributed over a broad
range of frequency (generally more than one octave).

Composite Noise Rating (CNR) - CNR is a measure of the noise produced
by aircraft  operations over a 24-hour annual average busy day. The
CNR is calculated from aircraft  noise expressed in PNdB, and the number
of operations in daytime and nighttime periods. Both nighttime and
ground runup operations are penalty weighted. The CNR has been utilize
by the Department of Defense and the FAA to define the noise environmen
about  a i rpor ts  s ince  the  ear ly  1960 ’s .

Continuous Noise - On-going noise whose intensity remains at a measur-
able  leve l  (which may vary)  wi thout  in terrupt ion over  an  indef in i te
or  a  speci f ied  per iod of  t ime.

C-Weighted Day-Night  Average Sound Level  (LC d n) - Refer to the day-
n ight  average sound leve l ,  Ld n. The  C-weighted  Ldn is determined in
similar manner, with C-weighting substituted for A-weighting.
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C-Weighted Sound Exposure Level (SELC) - The C-weighted SEL is the SEL
(see definit ion below), based on the C-weighted level rather than the
A-weighted level.

C-Weighted Sound Level,  C-Level (CL) -  The C-scale sound level is a
q u a n t i t y , in  decibels ,
C-weight ing c i rcu i t ry :

read from a standard sound level meter with
The C-scale weighting approximates overall

sound pressure level for the average range of human hearing and most
common noise sources. The C-scale incorporates slight de-emphasis
of the low and high portion of the audible frequency spectrum.

D a y - N i g h t  -  T h e  d a y - n i g h t  a v e r a g e  s o u n d  l e v e l
is a measure of the noise environment over a 24-hour annual average
busy day. I t  is  the  24-hour  A-weighted sound leve l ,  wi th  a  10  dB
weight ing appl ied  to  the  n ight t ime leve ls .
l e v e l  ( Le )  i n f o r m a t i o n  i s  a v a i l a b l e ,

When hourly equivalent
t h e  Ld n  i s  c a l c u l a t e d  a s  f o l l o w s :

where d and n refer to daytime and nighttime periods.

A l t e r n a t i v e l y , when a noise source produces discrete noise events, the
L dn may be computed by summation of individual SEL values according to:

Decibe l  (dB)  - The decibel is a logarithmic unit of measure of sound
pressure, calculated according to a formula (see sound pressure
l e v e l ) . One decibel is the level of the squared sound pressure that

  is 1 01 / 1 0= 1.259 t imes the squared reference sound pressure; also,
o n e  d e c i b e l  i s  t h e  l e v e l  o f  t h e  s o u n d  p r e s s u r e  t h a t  i s  1 0 1 / 2 0  =  1 . 1 2 2
times the reference pressure.

Effective Perceived Noise Level (EPNL) - EPNL is a single number rating
of  the  nois iness of  complex  a i rcraf t  f lyover  noise  s ignals . I t  i s
ca lcu la ted  by  the  in tegrat ion  wi th  t ime of  the  tone-corrected perce iv -
ed noise levels (PNLT) during a single noise event,  such as an air-
c r a f t  f l y o v e r . The EPNL includes adjustments for the relative duration
of  the  noise  s ignal  and presence of  audib le  pure  tones or  d iscrete  f re -
quencies (such as the whine of a jet engine compressor or fan).  The
reference signal duration is 10 seconds.
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For the case where the PNLT values are measured at 0.5 second inter-
vals during the noise event, the computational formula for EPNL is:

where the summation extends over the time period of the signal between
the  f i rs t  and last  t imes a t  which  PNLT (k )  is  wi th in  10  dB o f  the
maximum PNLT; and d is the duration, in seconds, between the f irst
and last values of PNLT (k) are within 10 dB of the maximum PNLT.

The EPNL is formally defined in ANSI S6.4-1973 “Definition and
Procedures for Computing the Effective Perceived Noise Level for
Flyover Aircraft Noise”.

E q u i v a l e n t  S o u n d  L e v e l  ( Le q)  -  The equiva lent  sound leve l ,  Le q, is the
level of a constant sound which, in  a  g iven s i tuat ion and t ime per iod,
has the same sound energy as does a t ime-varying sound. Technically,
equivalent sound level is the level of the t ime-weighted, mean square,
A-weighted sound pressure. The time interval over which the measure-
ment is taken should always be specif ied.

The energy averaging is  g iven expl ic i t ly  by:

w h e r e  t h e  a v e r a g i n g  i s  p e r f o r m e d  o v e r  t h e  p e r i o d  t2 - t1.

The typ ica l  averaging t ime for  the  equiva lent  leve l  is  a  per iod of
one hour. However , the time period can be altered to meet one’s
needs.

For noise sources which are not in continuous operation, the equiva-
lent level may be obtained by summing individual SEL values and
normalizing over the appropriate t ime period.

Frequency - Number of complete oscil lation cycles per unit  of t ime.
The unit  of frequency often used is the Hertz (Hz).
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Frequency Band - Difference in Hertz between the upper and
frequencies  that  de l imi t  a  band,  or  the  in terva l  in  octaves
the two frequencies. The band is located frequency-wise by
geometric mean frequency between the two band-edge frequenc

l o w e r
between
the

ies .
Examples are: “an octave band centered at 500 Hz”, or more simply,
“the 500 Hz octave band”.

Her tz  - Unit  of frequency equal to one cycle per second.

Impulse Noise (Impulsive Noise) -  N o i s e  o f  s h o r t  d u r a t i o n  ( t y p i c a l l y
less than one second) especially of high intensity,  abrupt onset and
rapid decay, and often rapidly changing spectral composition. Im-
pulse noise is characteristically associated with such sources as
explosions, impacts, the discharge of f irearms, the passage of super
sonic aircraft  (sonic boom) and many industrial  processes.

Inf rasonic  - Having a frequency below the audible range for man
(customarily deemed to cut off  at  16 Hz).

In termi t tent  Noise  - Fluctuating noise whose level falls one or more
times to low or unmeasurable values during an exposure.

Noise Exposure - The cumulative acoustic stimulation reaching ‘the ear
of  a  person over  a  speci f ied  per iod of  t ime (e .g . ,  a  work  shi f t ,  a  day ,
a  w o r k i n g  l i f e ,  o r  a  l i f e t i m e ) .

Noise Exposure Forecast (NEF) - NEF is a measure of the noise environ-
ment over a 24-hour annual average busy day. It is based upon summation
of individual noise events over the 24-hour period, with adjustments
applied for nighttime noises and aircraft  ground runups. EPNL is the
basic noise event measure. The nighttime adjustment differs, from that
u s e d  i n  c a l c u l a t i o n  o f  Ld n.

Noise Hazard (Hazardous Noise) -  Acoust ic  s t imulat ion of  the  ear  which
is l ikely to produce noise-induced permanent threshold shift  in some
port ion of a population.
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Noise Level Reduction (NLR) - NLR is  the  d i f ference in  dec ibe ls ,
between the A-weighted sound level outside a building and the A-
weighted sound level inside a designated room in the building. The
NLR  is dependent upon the transmission loss characteristics of the
bui ld ing sur faces exposed to  an  exter ior  noise  source ,  the  par t icu-
lar  no ise  character is t ics  of  the  exter ior  noise  source  and the
acoust ic  proper t ies  of  the  designated room in  the  bui ld ing.

Overall  Sound Pressure Level (OASPL) - OASPL level is the sound-
pressure level measured in a broad frequency band. This band is often
taken to extend from approximately 25 Hz to 10,000 Hz.

Perceived Noise Level (PNL) -  PNL is a rating of the “noisiness” of a
sound calculated from acoustic measurements. The uni t  is  the  perce ived

noise decibel (PNdB). The perce ived noise  leve l  is  ca lcu la ted f rom
sound pressure levels measured in octave (or 1/3-octave) frequency
bands, This  ra t ing is  most  accurate  in  ra t ing the  nois iness of  broad-
band sounds of similar t ime duration which do not contain strong
discrete frequency components.

The PNL is formally defined in the Society of Automotive Engineers
(SAE) Aerospace Recommended Practice 865A “Definitions and Procedures
for Computing the Perceived Noise Level of Aircraft  Noise”.

Pythagorean Theorem - A theorem in geometry, the square of the lengths
of the hypotenuse of a right tr iangle equals the sum of the squares
of  the  lengths  of  the  other  two s ides .

Sound Exposure Level (SEL) -  The  sound exposure  leve l  (SEL) is a
measure of single noise events, such as  an  a i rcra f t  f lyover . I t  i s
the A-weighted-sound level integrated over the duration of a noise
event  ( re fer red  to  a  re ference t ime of  one  sound) . Hence, i t  g i v e s  t h e
equiva lent  leve l  o f  a  cont inuous s ignal  o f  one second durat ion for
the event.

For purposes of aircraft noise evaluation, SEL is computed from A-
leve ls  sampled a t  d iscrete  in terva ls  of  0 .5  seconds or  less .  Thus,
the working expression for SEL becomes:

k =  0

where  d  is  the  t ime in terva l  dur ing which AL(k)  is  wi th in  10  dB o f  the
maximum A-level, and t  is  the  t ime in terva l  between noise  leve l
samples.
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Sound Level Meter - A sound level meter is an instrument that provides
a d i rect  reading of  the  sound pressure  leve l  a t  a  par t icu lar  locat ion.
I t  consists  of  a  microphone and e lect ronic  ampl i f ier  together  wi th  a
meter having a scale graded in dB. U s i n g  a p p r o p r i a t e  b u i l t - i n  e l e c -
t r i c a l  f i l t e r s , i t  i s  p o s s i b l e  t o  d i r e c t l y  m e a s u r e  t h e  o v e r a l l ,  t h e
A- or D-weighted sound pressure levels. Standard sound level meters
must satisfy the requirements of American National Standards Insti-
tute  (ANSI )  Speci f icat ion for  Sound Level  Meters ,  S1.4-1971.

Sound Pressure - The sound pressure at a point in a sound field is a
measure  of  the  f luctuat ing var ia t ions in  pressure  f rom the  s ta t ic
v a l u e  ( i . e . , atmospheric pressure) caused by the presence of the
sound f ie ld . For most complex sound sources, the sound pressure
contains energy over a broad frequency range audible to humans.

Sound Pressure Level (SPL) - The range in sound pressures from the
minimum audible sound waves to those existing in the vicinity of a
modern je t  a i rp lane is  greater  than a  factor  of  one mi l l ion . .  A
measure of the sound pressures is therefore more convenient on a
reduced scale. Consequently,  a logarithmic scale is used in which
equal increments correspond to equal multiples of sound pressure;
the reference pressure corresponds approximately to the minimum
audible sound pressure. This is a convenient scale to use since
the ear responds to sound waves in a similar manner. On such a
scale, the measurement of sound pressure is termed SPL, the units
being the decibel or dB.

In more formal mathematical formulation, the sound-pressure level of
a sound, in  decibels , is  20  t imes the  logar i thm to  the  base ten  of
t h e  r a t i o of the pressure of this sound to the reference pressure

ai r  is  20  micropascals
The common reference pressure for acoustics in

(20 micronewtons per square meter). In  Engl ish
uni ts  th is  quant i ty  is  approximate ly  4 .2  X  10-7  p o u n d s  p e r  s q u a r e  f o o t .

Sound Transmission Class (STC) -  S T C  i s  a  s i n g l e - f i g u r e  r a t i n g  o f
the  sound insulat ing proper t ies  of  a  par t i t ion  as  determined by
methods described in “Determination of Sound Transmission Class”,
American Society of Testing and Materials Designation E413-73.

Sound Transmission Loss (STL) - STL is a measure of the sound insulat-
i n g  p r o p e r t i e s  o f  a  w a l l ,  f l o o r ,  c e i l i n g ,  w i n d o w ,  d o o r ,  t h a t  a r e
c h a r a c t e r i s t i c s  o f  t h e  p a r t i t i o n  i t s e l f  a n d  n o t  t h e  r o o m  o f  w h i c h  i t
i s  a  p a r t . The STL may be calculated from the noise reduction between
two rooms, in a specified frequency band, plus ten times the common
l o g a r i t h m  o f  t h e  r a t i o  o f  t h e  a r e a  o f  t h e  p a r t i t i o n  t o  t h e  t o t a l
sound absorption in the receiving room, as determined by methods
described in “Measurement of Airborne Sound Insulation in Building”,
American Society of Testing and Materials Designation E90-70 or
l a t e s t  r e v i s i o n  t h e r e o f .
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Standard Land Use Coding Manual (SLUCM) - Standard system for
ident i fy ing and coding land use act iv i t ies . Published by U.S.
Department of Commerce in 1965.

Steady State Noise Level (Ls) -  Ls i s  t h e  A - w e i g h t e d  n o i s e  l e v e l
produced in the space by the venti lation or mechanical systems
(or other interior noise sources) which operate more or less con-
t inuously . The Ls value for design should be the noise level
produced in the space by the equipment during the most usual mode
of operation during the t ime of occupancy.

Tone-Corrected Perceived Noise Level (PNLT) -  The tone-corrected
perce ived noise  leve l  is  the  perce ived noise  leve l  ad justed for  the
presence of audible discrete frequency components which increase the
noisiness of the sound signal. The PNLT was developed to aid in
assessing the  perce ived nois iness of  a i rcraf t  or  vehic le  noises
which conta in  pure  tones or  have perce ived i r regular i t ies  in  the i r
spectrum.

The PNLT is formally defined in ANSI S6.4-1973 “Definit ion and
Procedures for Computing the Effective Perceived Noise Level for
F lyover  Ai rcraf t  Noise” .
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APPENDIX A

DOD AGENCIES PROVIDING ENVIRONMENTAL NOISE CONTOURS AND ASSESSMENTS

1. PUBLICATIONS AVAILABLE:

a. CERL Interim Report N-10, User Manual: Interim Procedure
for  P lanning Rotary-Wing Ai rcraf t  T ra f f ic  Pat terns  and
Sit ing Noise-Sensit ive Land Uses, September 1976. [ N T I S ] .
P r e s e n t s  ( 1 )  i n t e r i m  p r o c e d u r e s  f o r  d e t e r m i n i n g  t h e  l o c a -
t i o n  o f  r o t a r y - w i n g  a i r c r a f t  t r a f f i c  p a t t e r n s  a n d  i n g r e s s
a n d  e g r e s s  c o r r i d o r s  i n t o  a n  a i r f i e l d / h e l i p o r t  a r e a  t o
a v o i d  c o n f l i c t  w i t h  n o i s e - s e n s i t i v e  l a n d  u s e s  a n d  a n d  ( 2 )  c r i t e r i a
f o r  s i t i n g  n o i s e - s e n s i t i v e  l a n d  u s e s  w i t h
r e s p e c t  t o  e s t a b l i s h e d  a i r f i e l d  o r  h e l i p o r t  p l a n s .

b. CERL Technical Report E-42, User Manual for the Acquisit ion
and Evaluation of Operational Blast Noise Data, June 1974.
[ N T I S ] . P r e s e n t s  m e a n s  f o r  a c q u i r i n g  o p e r a t i o n a l  b l a s t
n o i s e  i n f o r m a t i o n  a n d  e v a l u a t i n g  t h e  r e s u l t i n g  c o n t o u r s .
F o r m s  i n t r o d u c e d  a n d  e x p l a i n e d  t o  f a c i l i t a t e  t h e  c o m p i l a t i o n
o f  d a t a . O v e r l a y s  t o  b e  c o n s t r u c t e d  t o  e v a l u a t e  t h e  c o n -
t o u r  c o n s i s t  o f  g e n e r a l i z e d  l a n d - u s e  a n d  p o p u l a t i o n  d e n s i t y
map  overlays . T h e  m e a n s  i s  g i v e n  t o  i n t e r p r e t  t h e  c o n t o u r s .

C. CERL Technical Report E-17, Predicting Community Response
to Blast Noise, December 1973 [NTIS]. P r e s e n t s  a
p r e l i m i n a r y  m e t h o d  f o r  p r e d i c t i n g  l e v e l s  o f  a n n o y a n c e
f r o m  a r t i l l e r y  o r  b l a s t  n o i s e  i n  t h e  e n v i r o n s  o f  a  m i l i t a r y
b a s e . M e a n s  g i v e n  t o  r e l a t e  v a r i o u s  a r t i l l e r y  p i e c e s  t o
a  T N T  e q u i v a l e n t  a n d  t o  n o r m a l i z e  t h e  o v e r p r e s s u r e  f r o m
d e t o n a t i n g  v a r i o u s  q u a n t i t i e s  o f  T N T  t o  t h e  o v e r p r e s s u r e
f r o m  t h e  d e t o n a t i o n  o f  o n e  p o u n d  o f  T N T . B u r i e d  c h a r g e s
a n d  a b o v e g r o u n d  d e t o n a t i o n s  c o n s i d e r e d .  W a y s  t o  p r e d i c t
p r o b a b l e  b l a s t  o v e r p r e s s u r e  a n d  f r e q u e n c y  s p e c t r u m  a s  a
f u n c t i o n  o f  d i s t a n c e  a r e  d i s c u s s e d .

[ N T I S ]  - Indicates document available from National Technical
In format ion Serv ice,  Spr ingf ie ld ,  VA 22151

A-1



2 . AGENCIES TO CONTACT:

a.  AIR  FORCE:

Ai r  Force Civ i l  Engineer ing Center ,  Tyndal l  AFB,  FL  32401.
For environmental assessment assistance contact AFCEC/EV.
For noise contour production contact AFCEC/DE.

b. ARMY:

(1) Construction Engineering Research Laboratory (CERL),
P.O. Box 4005, Champaign, IL 61820.

(2) Commander, U.S. Army Health Services Command (HSPA-H),
Fort Sam, Houston, Texas 78234.

c. NAVY/MARINE CORPS:

Aircraft Environmental Support Off ice, Naval Air Rework
Facil i ty (Code 64270), NAS North Is land, San Diego, CA
92145. Address information copy of requests to:
NAVFACENGCOM (Code 202).



APPENDIX B

NOISE DATA SOURCES FOR MANUALLY DERIVED NOISE
CONTOURS

1. Aircraft Noise and Performance Data:

a. Publications Available on Aircraft  F l ight and Ground Runup
Noise Data :

(1) AMRL-TR-73-110, Community Noise Exposure Resulting
from Aircraft Operations - Acoustic Data on Mil i tary
A i r c r a f t .  [ N T I S ]  S i x  v o l u m e s :

V o l  I : Index/Explanation of Use
V o l  I I : USAF Bomber/Cargo Aircraft Noise Data
Vol  I l l :  USAF At tack/F ighter  A i rcraf t  Noise Data
Vol  IV : USAF T ra iner/F ighter  A i rcraf t  Noise Data
Vol V: USAF Propeller Aircraft Noise Data
Vol  V I : USN Aircraft Noise Data

P r o v i d e s  s l a n t  r a n g e  v e r s u s  n o i s e  l e v e l  d a t a
o n  m i l i t a r y  a i r c r a f t ,  i n c l u d i n g  s p e c t r a l  i n f o r m a t i o n ,
g r o u n d - t o - g r o u n d  a n d  a i r - t o - g r o u n d  p r o p a g a t i o n ,  a n d
b o t h  t o n e - c o r r e c t e d  a n d  n o n - t o n e - c o n n e c t e d  d a t a .
I n i t i a l  v o l u m e  p r o v i d e s  i n s t r u c t i o n s  a n d  f o r m s  f o r
c a l c u l a t i n g  e x p o s u r e s .

(2) AESO 313-76-01, Fixed Wing Aircraft Acoustical Parameters
Handbook (NAVY). P r o v i d e s  d a t a  a n d  n o i s e  c o n t o u r s  o n  m o s t
o p e r a t i o n a l  N a v y  f i x e d  w i n g  a i r c r a f t .  E x p l a i n s  h o w  t h e  d a t a
a n d  c o n t o u r s  c a n  b e  a p p l i e d  f o r  t h e  d e t e r m i n a t i o n  o f  n o i s e  i m p a c t
i n  t h e  s u r r o u n d i n g  a r e a .

(3) CERL Interim Report N-10, User Manual:  Interim Procedure
for  P lanning Rotary-Wing Ai rcraf t  T ra f f ic  Pat terns  and
Si t ing Noise-Sens i t ive Land Uses ,  September  1976 [NT IS ] .
(See Appendix A for abstract).

b. Publications Available on Impulse (Blast) Noise Data:

CERL Technical Report E-17, Predicting Community
Response to Blast Noise, December 1973. [NTIS] (See
Appendix A for abstract).

[ N T I S ]  - Indicates document available from National Technical
In format ion Serv ice,  Spr ingf ie ld ,  VA 22151.
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C. Publications Available on Fixed Source Noise Data:

(1) AMRL-TR-75-50, USAF Bioenvironmental Noise Data
Handbook [NTIS]. C o m p l e t e  h a n d b o o k  c o n t a i n s  o v e r
1 0 0  v o l u m e s . V o l u m e  1  c o n t a i n s  a n  i n t r o d u c t i o n  t o
h a n d b o o k  u s a g e ,  L i s t i n g  o f  n o i s e  d a t a  a v a i l a b l e  i n
succeeding volumes, a n d  a  l i s t  o f  o r g a n i z a t i o n s
m a i n t a i n i n g  r e f e r e n c e  f i l e  c o p i e s .

(2) CERL Technical Report E-53, Construction Noise:
S p e c i f i c a t i o n ,  C o n t r o l , Measurement and Mitigation,
A p r i l  1 9 7 5 .  [ N T l S / A D A  0 0 9 6 6 8 ]  P r o v i d e s  w o r k a b l e
c o s t / b e n e f i t  m o d e l  f o r  d e t e r m i n i n g  t r a d e o f f s  a s s o c i a t e d
u s e  o f  n e w ,  q u i e t e r  c o n s t r u c t i o n  e q u i p m e n t  a n d / o r
c o n s t r u c t i o n  p r o c e s s  m o d i f i c a t i o n . M o d e l  d e s i g n e d
f o r  u s e  i n  e v a l u a t i n g  e q u i p m e n t  u s a g e ,  o p e r a t i o n a l
m e t h o d s ,  o r  p h y s i c a l  m e a n s  t o  a t t e n u a t e  t h e  n o i s e
o f  c o n s t r u c t i o n  s i t e s  t o  a c c e p t a b l e  l e v e l s  a n d  t o
d e s c r i b e  q u a n t i t a t i v e l y  t h e  c o s t  a s s o c i a t e d  w i t h
t h e s e  r e d u c t i o n s . R e q u i r e s  l a r g e  d a t a  b a s e  f o r
a p p l i c a t i o n .

(3) CERL In ter im Repor t  N-3,  Cost  E f fect iveness  o f
Alternative Noise Reduction Methods for Construction
of  Fami ly  Hous ing,  Ju ly  1 9 7 6  [NT I S ] . D e s c r i b e s
a p p l i c a t i o n  o f  c o s t / b e n e f i t  m o d e l  d e v e l o p e d  i n
C E R L - T R - E - 5 3  t o  m u l t i f a m i l y  h o u s i n g  c o n s t r u c t i o n .
S i g n i f i c a n t  f i n d i n g s  a r e  d i s c u s s e d .

(4) USAEHA T echnical Guide (MED), Noise Hazard Evalua-
t ion-sound Level Data of Noise Sources, January 1975.
C o n t a i n s  n o i s e  l e v e l  d a t a  f o r  m a n y  m i l i t a r y  n o i s e
s o u r c e s .
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3 . Agencies to Contact:

a .  A i r  F o r c e :

Aerospace Medical Research Laboratory (6570 AMRL/BBE),
Wr ight-Pat terson AFB,  OH 45433.  Source for  no ise data
on mil i tary aircraft  not contained in AMRL-TR-73-110
or AMRL-TR-75-50.

b. :Army

(1) Construction Engineering Research Laboratory (CERL),
P.O. Box 4005, Champaign, IL 61820.

(2) Commander, U.S. Army Environmental Hygiene Agency (HSE-OB)
Aberdeen Proving Ground, MD 21010

C. Navy/Marine Corps:

Aircraft Environmental Support Off ice, Naval Air Rework
Facil i ty (Code 64270), NAS North Is land, San Diego, CA 92145.
Address information copy of requests to: NAVFACENGCOM
(Code 202)
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APPENDIX C

COMPARISON OF NOISE RATING MEASURES

There are numerous noise exposure measures in current use in this
country and abroad. Most  were  speci f ica l ly  developed to  ra te  a i r -
craft  noise exposure. While there are differences among the measures,
most can be expressed in the same general format, i.e., as a summation
of  noise  leve ls .

When applied to a number of identical events, this summation may be
expressed as:

Noise Measure  =  Noise Level  +  A log (Nd +  PeN e +  PnN n) + C

The noise  leve l  is  typ ica l ly  based on e i ther  the  A-weighted or  per -
ce ived noise  leve l , and may contain adjustments for tones and/or
durat ion. N d ,  Ne a n d  Nn are the number of operations for daytime,
evening and nighttime periods (the evening and nighttime periods are
often combined).
nighttime periods.

Penal t ies  (Pe a n d  Pn)  may be applied to evening and
The factors A and C are constants: A determines

the manner in which multiple events are added together; C is a normaliz-
ing constant.

Figure C-1 lists many common noise rating measures and their charact-
e r i s t i c s . All can be expressed in the form above. For a maximum PNL
of 110 dB (assuming A-level = PNL - 13), and an assumed effective
duration of 10 seconds, the equations for these measures can be plot-
ted  as  a  funct ion of  the  number  of  events  N (dayt ime only ) .  Th is  is
shown in Figure C-2, which may also be used to translate approximately
from one measure to another.

One additional measure, the Aircraft Sound Description System (ASDS),
developed by the Federal Aviation Administration, does not follow the
same general format as the previously described measures. The purpose
of the ASDS methodology is to define the amount of t ime, at a loca-
t ion near  an a i rpor t ,  that  an  A-weighted leve l  o f  8 5  dB i s  e x c e e d e d
during the day. This measure cannot be easily related to any of the
above measures,
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FIGURE C-1 ATTRIBUTES OF VARIOUS NOISE RATING MEASURES

Origin Rating
Sound
Level Tones Duration

USA

ICAO

NEF

WECPNL

EPNL

EPNL

yes

yes

yes

yes

USA

France

CNR Max PNL

Max PNL

no no

no no

UK

Germany

NNI Max PNL

A

no

no

no

yes

USA I L d n
A no yes

California

South Africa

CNEL A

A

no

yes

yes

yes

Netherlands B
I

Day/Night*

10 log N 2 period/+10 dB

20 log N
I

*Various penalties for night or evening sound levels are used in different rating methods.
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APPENDIX D

ACOUSTICAL DES I GN

PUBLICATIONS AVAILABLE:

a. TM-5~805-15, U.S. Army Technical Manual on Architectural
Acoustics, D e s i g n  i n f o r m a t i o n  t o  p r o v i d e  o c c u p a n t  w i t h
s a t i s f a c t o r y  a c o u s t i c a l  c o n d i t i o n s  w i t h i n  a n d  p r o t e c t i o n
f r o m  n o i s e  t h a t  m a y  b e  i n j u r i o u s  t o  h e a l t h  o r  w e l f a r e .
P r o v i d e s  r e c o m m e n d e d  t e c h n i q u e s  f o r  r e d u c i n g  u n w a n t e d
s o u n d s .

b. AESO 330-76-02, Facility Acoustic Parameter Catalog (NAVY).
P r o v i d e s  a  f u n d a m e n t a l  k n o w l e d g e  o f  a r c h i t e c t u r a l  a c o u s t i c s .
P r o v i d e s  t e c h n i q u e s  f o r  d e t e r m i n a t i o n  o f  S o u n d  T r a n s m i s s i o n
C l a s s  ( S T C )  a n d  c o m p o s i t e  t r a n s m i s s i o n  l o s s  a n d  f o r  r e l a t i n g
n o i s e  r e d u c t i o n  t o  S T C .
l o s s  d a t a .

P r o v i d e s  a b s o r p t i o n  a n d  t r a n s m i s s i o n

C. AESO Report 330-70-01, Noise Reduction Technology Catalog
(NAVY). P r o v i d e s  a  f u n d a m e n t a l  a c q u a i n t a n c e  w i t h  t h e  p r o p -
e r t i e s  o f  n o i s e  a n d  v a r i o u s  t e c h n i q u e s  a p p l i c a b l e  t o  n o i s e
c o n t r o l , P r o v i d e s  a b s o r p t i o n  a n d  t r a n s m i s s i o n  l o s s  d a t a  f o r
c o m m o n  b u i l d i n g  m a t e r i a l s .
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APPENDIX E

MISCELLANEOUS NOISE DATA SOURCES

PUBLICATIONS AVAILABLE

AESO 334-77-01, Unique Mobile Vehicle Noise Catalog. (NAVY).
P r o v i d e s  d a t a  a n d  n o i s e  c o n t o u r s  o n  m o s t  o p e r a t i o n a l
s t a t i o n a r y  g r o u n d  s u p p o r t  e q u i p m e n t . E x p l a i n s  h o w  t h e
d a t a  a n d  c o n t o u r s  c a n  b e  a p p l i e d  f o r  d e t e r m i n a t i o n  o f  n o i s e
i m p a c t .
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