= aeaw MTAY AUV ADDO

AL e

e s

,"’4/.’:1_ ::’/45 . 6‘0//
N A

COMMUNITY NOISE ASSESSMENT MANUAL
CEm

STRATEGY CGUIDELINES FOR DEVELOPING A RN BORERRY. | MRS,

COMMUNITY NOISE CONTRCL PROGRAM

July 1981

U.5. ENVIRONMENTAL PROTECTION AGENCY
Office of Noise Abatement and Control
Washingten, D.C. 20460

Under Contract No. 68-01-3821

This report has been approved for general availability.
The contents of this report reflect the views of the
contractor, who is responsible for the facts and the
accuracy of the data presented herein. This report does
not necessarily reflect the official views or policy of
EPA. This report does not constitute a standard, speci-~
fication, or regulation.



R Wl all gl

WYLE LABORATORIES

WYLE RESEARCH REPORT
WR 78-1

COMMUNITY NOISE
ASSESSMENT MANUAL

STRATEGY GUIDELINES

For

U.S5. ENVIRONMENTAL PROTECTION AGENCY
Office of Noise Abatement and Control
Arlington, Virginia 22202

{Contract No. 48-01-3921)

By

WY LE RESEARCH
El Sagundo, California 90245

AUGUST 1979

A T4 -0/
T A -168

0

=

o,
uy
=




- AIEY VAT NUVY v a0

-

‘;:q'l

i

FOREWQRD

In response to Congressional mandates, the U. 5. Environmental Protection
Agency, Office of Noise Abatement and Control, has funded the development of @
series of manuals, prepared by Wyle Laboratories, to support a Quiet Cities Program.
The first of these manuals, entitled "Community Noise Assessment Manual = Social
Survey Wor|<bt:n:;k,"'Hr provided detailed instructions for conducting an attitudinal
survey on noise in a community. The second manual, entitled "Community Noise
Assessment Manual - Acoustical Sur\fey,"2 provided detailed practical procedures for
conducting a noise measurement survey in a community. This manual, the third in this
serias, is designed to assist loco| governments in making logical and cost-effective

decisions on the allocation of funds to reduce the adverse effects of noise in their

" communities. To make maximum use of the material in this document, a community

will have utilized the preceding monuals, or their equivalents, to obiain detailed data
on the noise environment, and attitudes toward this environment, in their community.
However, this manuol olso stands alone in that it contains many useful guidelines and
procedures which a community can utilize to decide on the most efficient allocation

of effort and funds directed toward preserving the natural resource = quiet = in their

community.

*See References for a complete citation.
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1.0 INTRODUCTION

1.1 Purpose of the Manual

In response to EPA's mandate to octively support the development of quiet
communities, this manual has been developed to assist local governments in deter-
mining, in an objective manner, the efficient allocation of funds for reducing the
adverse effects of noise in their communities. Since the number of possible combinations
of noise sources and corresponding countermeasures to reduce their impact con be quite
large, o computer-based approach is therefore called for to develop optimum scenarios
for expenditures. The procedure described in this manual utilizes an optimization
computer model called "Noizop" which selects the most cost-effective noise abate-
ment measures and the amount of money which should be spent on each.> The primary
criterion for optimization is based on economic and acoustical date gathered in the com-
munity, While the procedures involved in obtaining cost estimates for the noise counter-
measures and noise level dato for the community noise sources to be abated are somewhot
involved, the overall approoch is conceptually quite simple and, even without use of
a computer, much of the material will provide very useful guidelines for devising noise

control strategies of any desired detail.

The approach consists of the three basic steps illustrated in Figure 1-1:

Step 1. Find out what the problems are. (Chapter 2)

—  What noises are people complaining about?

—  What noises are people annoyed by ?

—  How loud are the noise sources?

—  Which nolise sources should be considered as problems, and

therefore as candidates for noise reduction?

Step 2. Find out what the solutions are. (Chapter 3)

~  What solutions are appropriate for the identified problems?
w  How much do they cost?

—  How effective are they?

—  Are they politically ond socially feasible?

1-1
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Figure 1-1. Basic Sequence of Frocedures Followed in this Manual
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Step 3. Choose the best solutions. (Chapter 4)

~  How much money should be spent on each alternative solution

to achieve the maximum benefit, and still remain within the

budget?
Three approaches are available for Step 1 to "find out what the problems are. "

1 A survey of peoples' attitudes toward noise may be conducted using a
standard survey procedure developed by EI”A.I The attitudinal survey
provides information on the number of people who are annoyed (and te
what degree) by various sources of noise in different areas of the
community, what types of noise abatement solutions they support, and
how much they are willing to pay for noise ebatement. Thus, the
extent of community annoyance from various noise sources is used in
this manual s one criterion for identifying specific community noise

problems,

2.  AnEPA-designed acoustical survs:),r2 may be conducted to provide the
actual noise levels produced by the various noise sources in the com=

munity and thus provide a second criterion which can be used to identify

noise problems.

3.  The third method for identifying problem sources can be based on the
number of complaints issued by the community residents concerning

the various sources of noise.

While it is not absolutely necessary that the EPA attitudinal and acoustical
surveys be performed before the procedures in this manuei are followed, it is necessary
that the user of this manual be knowledgeahle of the residents' attitudes toward the
communily noise sources and the physical noise levels produced by these sources so that
candidates for noise abatement treatment can be identified. The language in this

monual frequently rafers to results of the attitudinal and ocoustical surveys.

1-3
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To "find out what the solutions are” (Step 2), a series of procedures are described
in this manual which will assist the reader to (1) identify the most promising solutions to
the problems identified in Step 1, (2) estimate the costs of implementing each solution;
and {3} estimate the noise level reductions obtained as a result of implementing each
solution. Abatement measures which are found to be infeasible from the political or
social acceptability or practicability standpoint ore eliminated from consideration,

while additional measures which the community specifically wishes to support are added

to the list of solutions to be analyzed.

Finally, to "choose the best solutions" (Step 3), the computer-based cost-
effectiveness analysis is carried out. The resulting recommendations are then evalu-
ated and, if necessary, modified. A final set of abatement measures and associated
levels of expenditure are then selected and implamented. While this manual does not
describe how to actually implement each individual noise control measure (for instance,
there are no guidelines provided on how to set up a vehicle maintenance program},

methods are given for determining the assential goals of sach noise abatement measure.

It is assumed that @ computer is available to the user to run the cost-effectiveness
optimization computer moedel. 3 Even if this is not the case, however, most of Chapter 2
and Sections 3.1 and 3.4 of Chapter 3 of this manual will still be of value to users
interested in identifying community noise problems and in determining the costs and

effectiveness of the most appropriate solutions.

1.2 Description of the Optimization Mode) (Noizop}

The ultimate purpose of Noizop is to provide a tool for rational and objective
decision making in policy ond regulatery activity concerning environmental acoustic
noise from all sources, Simply stated, the problem is to distribute o given hypothetical
sum of money in such @ way as to obtain the greatest possible benefit in terms of reduction
of the .umber of people adversely affected by environmental noise. This is @ problem of
eprations rasearch, and it requires an involved computer program to properly handle the
task. The inherent nonlinearity of the mathematics that describe the problem prevent the

1-4
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use of well developed methods of linear algebra. A sophisticeted searching algorithm
is utilized in the program to find the most cost-effective way of distributing the given
sum of money omong the alternative noise abatement measures.

For purposes of o mathematical formulation of the problem, o quantity is

defined that rates the quality of the environmental noise climate of a community. This

quantity is called the Noise Impact Index, abbreviated to NIl

NII = Number of People in @ Given Community Impacted by Noise
Total Number of People in the Community

The noise climate quality improves with declining NII. In operations research language,
the NII is the objective function (i.e., it is the single function to be minimized by the

judicious distribution of the given sum of money).

In using the optimization model, the community is divided into homogeneous
noise zones, and these zones are further divided into cells. While the population and
land use of each cell in a zone may be different, the noise levels to which the cell is
exposed from various sources are assumed to be uniformly represented by the average

noise levels in the noise zone which are measured in the acoustical survey.

The basic repetitive task performed by Noizop is to apply, at each cell, the
selected means or countermeasures for reducing noise impact for a specified distribution
of expenditures, noting the number of people no longer impacted by noise, and com-
puting a new (reduced) NII. This task is performed a large number of times during ony
one execution of Noizop as it seorches for the distribution of expenditures which gives
the greatest NII reduction for a given budget. The effect of an abatement measure in
the community is modeled by estimating the change in impact (quantified by the Noise
Impact Index) which occurs for the papulation in each of the cells when the cell noise

levels are reduced as a result of hypothetically applying that noise abatement measure.

In choosing the best set of abatement measures, Noizop spends money in incre-

mental amounts until a preset moximum is reached. At each step, money is spent
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on the abatement measure with the best cost-effectiveness ratio. A portion of the

money spent may be incurred by the local government. This cost to the local government
and the total primary cost (see Section 3.4) to all segments of society ore displayed

by the computer program at each step of the optimization process so that for any desired

local government budget, the most cost-effective community expenditure can be

determined, Noizop selects alternatives based on total societal costs of each counter-
measure — not those measures which are least costly from the local government's puint

of view, This approach is appropriate since the benefits of abatement measures are also

measured in terms of the effects on the community as a whale,

The value of the NII in a particular cell is proportional to the product of a
weighting function, which depends upon the noise level found in that cell, and the
cell population. A different weighting function is also used for day and night. The
noise level at which the noise impact is defined to be zero is shown in Table 1-1. MNote
that for each land use, the noise level where 100 percent impact is assumed to occur is
20 dB higher than the zero impact lewel.4 The NIl weighting function® ut intermediate
levels is assumed to vary linearly between the zero and 100 percent impact points. For
example, the NII weighting function for a cell in the community where the noise level is
10 dB cbove the zero impact level is equal to 0.5. Similorly, the weighting for an area

where the noise level is 30 dB above the zero impact level is equal to 1.5,

The metric used to define the noise levels in the community is the Equivalent
Sound level, Leq' This level is the energy average of the momentary A~weighted
levels measured over a specified period of time. The doytime Leq’ symbolized by L,
is averaged over the hours from 7 a.m. to 10 p.m. The nighttime Leq' symbolized by

Ln' is averaged over the hours from 10 p.m. to 7.a.m.

*Equivalent to the term "froctional impact” empleyed by EPA.
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Table 1-1

A-Weighted Equivalent Sound Levels Assumed in this Manual for Zero Impact

{NII = 0) and 100 Percent Impact (NI1 = 1,0}, by Land Use*

Land Use Zero Impact 100% Impact
Day Night Day Night

RT Single-Family Dwelling 54 46 74 66
R2  Multi-Family Dwelling 59 46 79 66
C Commercial 59 59 79 79
1 Industrial 70 70 90 %0
S  Schools 55 - 75 -
H Hospitals 50 50 70 70

Derivation

R1

R2

Chasen to give Ld = 55dB per EPA "Levels Documenr"4for zero health and

welfare effects inresidentiol areas, Assumes that L, - L =8 d8
day ight

which is a reasonable approximation to actual enwronment rLcaseci on
100-site survey in Reference 5) ond agrees with the day-nlghr difference
cited in Reference 6 (Toble 3.2-6} for R1 land use.

Assumes that a typical outdoor=indoor noise reduction for multi-family
dwellings during the doytime (windows closed) would be 5 dB greater
than for single~family dwellings.

Assumes that the day and night criterion levels should be the same as for
R2 (day).

Assumes that the zero impact limit should be 20 dB below OSHA require-
ments of 90 dB for both day and night.

Per EPA "Levels Document, " 0q(24) criteria inside schoals, etfc., is

45 dB. Assuming a minimum nonse reduction of 10 dB with windows
open gives a zero impact level of 55 dB. No night criterion needed.

Assumes the same levels for both day and night which correspond (within

1 dB) to an Ldn of 55, consistent with EPA "levels Document. ™

*These criterion values represent best estimates and intentionally have not been
rounded to the nearest 5 dB which would ordinarily be done to reflect, more
realistically, their accuracy.

1-7
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An important community=specific aspect to the analysis described in this man-
vol is the ability o "adjust" noise levels of individual sources to account for situations
in which the community is much more annoyed or much less annoyed than "average" by
a particular source of noise. As a hypothetical example, consider the case in which
motorcycles producing noise levels of 70 dB cause 20 percent of the neighboring house-
holds to report, in the attitudinal survey, that they are highly annoyed by motorcycle
noise, whereas for other sources, a noise level of 75 dB is required to couse this same
degree of annoyance. In this case, an adjustment factor of 5 dB is added to the motor~
cycle noise levels so that the impact of this source is given as much weight by the
optimization model as that of o louder but equally annoying noise source. A rigorous
procedure for computing adjustment factors for each noise source is described in

Section 3.3.3.

1.3 Noise Impact of Specific Sources

As suggested by the preceding paragraph, the contribution of individual sources
to the total noise in nny given orea canbe adjusted, to occount, in any approximate
way, for the relative annoyance which o community expresses toward such specific
sources, This will substantially improve the ability to develop an optimum strategy for
countermeasures to reduce the total noise impact fram all the significant noise sources
in @ community., This global approach to community noise reduction is a basic objective
of this strategy guideline. However, a community may also be faced with noise problems
concerned with just one or two specific sources whose physical contribution to the total
community noise climate may be small and not necessarily indicative of community
annoyance response to the sources. For example, as illustrated in Figure 1-2, from
results of a recent EPA=sponsored noise survey in Allentown, Pennsylvania, the top 10
specific sources which contribute the most to community noise levels (Figure 1-2a) do
not rank in the same way as the actual noise levels of each source (Figure 1-2b) or as

the apparent relative annoyance respomse to each source (Figure 1-2c).

In such cases, exercising the complete optimization strategy outined in this

manuval may not be cost-effective for the community to abate such singulor noise
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Figure 1-2, Source Noise and Annoyance Characteristics from Allentown Study
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problems. Instead, a more direct approoch aimed at the particvlar offending noise
source(s) may be in order. However, even in this case, much of the material contained
in this manual, particularly in Section 3.1, will be of velue in guiding @ communily to

salect effective noise abalement action for just one or two well defined noise sources.

1.4 How to Use the Monual

The remaining sections of the manual are organized in accordance with the flow-
chart of Figure 1-1, shown earlier on page 1~2. First, use data from the acoustical and atti-
tudinal surveys to help identify noise problems in the community as described in Chapter 2.
Second, identify potential solutions to these problems as discussed in Section 3.1, After
abatement measures have been selected for the optimization analysis, select a “target
year' in the future at which the costs and effects of the measures are to be compared
(Section 3.2) and prepare data on the community for input to the computer mode!.

(Section 3.3). The target year is that time in the future when the countermeasures will be
in full effect. Sections 3.2 and 3.3 may be skipped if the computerized optimization
analysis is not desired. Next, estimate the costs of each abatement measure and the

associated reductions in noise level for each affected source which ore expected to result

in the target year. Finally, os described in Chapter 4, operate the Noizop computer program,

obtain and evaluate the results, and select the fina! set of actions recommended for your
community,

For assistance in operating the noise optimization program, consult Appendix A.
Section A.] provides an additional introduction to Noizop and references the complete
Noizop User's Guide (a separate dbcumem‘)..3 Section A.2 describes the revisions to this
User's Guide to reflect the additional capabilities of the computer model incorporated
for this manual. In Section A.3, some hypothetical applications of the model of interest
to local governments are shown based on data from o previous analysis of Menlo Park,
California. An actual example of the application of the manual to Allentown, Pennsylvania
is shown in Section A.4, A program listing of the updated version of Noizop (written in

FORTRAN Iv) is available from EPA,
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Appendix B provides o discussion and listing of @ Vehicle Statistics Program
{VESTA) which is used to estimate the effects of various vehicle noise abatement measures

described in this manual.
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2.0 IDENTIFICATION OF NOISE PROBLEMS

The identification of noise problems in @ community must begin with o
definition of the term "noise problem." For purposes of this manual, a noise problem
will be said to exist if indicators of the adverse effects of a source of noise on some
port of the community become "excessive;" that is, they exceed some predetermined
value, Whether or not the effects of a source of noise in some location are actually
felt to be excessive may depend a great deal on individual opinions. A newly-recruited
tiuck driver moy feel the noise inside his cab is "excessive," while the owner of the
truck fleet may consider it normal, While neither party may be concerned with the
exterior noise generated by the truck, this would be the concern of local residents. This
hypothetical situation can also be applied to an industrial plant, a railroad locomotive,
or even a recrsational pork; but, the lesson is the same: criteria need to be formulated
so that noise sources which produce excessive adverse effects can be identified. These
‘eriteria do not have to be hard-and-fast rules applicable nationwide. They may be
based on experience, an understanding of -loco! community priorities, or just personal

judgment. However, to protect against biasing the results, criteria should be established

before any data are gathered.

There are three main indicators of noise problems in the community for which
criteria must be established: (1) specific complaints about a source of noise; (2) negative
ottitudes toward a source of noise; and (3) excessively high noise levels produced by a
source of noise. The following criteria are recommended for each of these indicators

for identifying @ noise source which can be considered to be a potentiol noise problem

in the community.

Complaints:  More than 1 percent of the households in an area complain about

the sourca.

Attitudes: More than 4 percent of the households in an area mention that

they are annoyed by the source.
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Noise Levels: The day-night sound level (Ldn) , in an area, due to a specific
source, is higher than 55 dB. =

Here, an "area" is defined by the concept of a homogeneous noise zone
which is described later in this section. Note that these are not environmental noise -
criteria, but rather they are source—specific noise criterio. If any one of these criteria
are exceeded, then, for purposes of this analysis, a noise problem will be assumed to
exist, In the final analysis, it may turn out that it is not cost-effective to attempt to
eliminate the noise problem. Alternate criteria may be desired, either more or less
stringent, if it is found that too many or too few "problem areas" are identified according
to these threshold vaiues. Figure 2-1 provides a nomogram for choosing alternate cri-
teria, The recommerded criteria hove been chosen, however, so that the most disturbing

sources of noise and the most affected areos of the community will be identified.

The complaint and noise leve! criteria are based on the EPA "Levels Document. wh

A noise level of 55 dB is identified as necessary to protect the public health and welfare
with an adequate margin of safety., In commercial or Industrial zones, this criterion is
raised to Ldn 65 dB per the rationale in Table 1~1. All other noise zone types are, by

the very manner in which they were defined, considered to be pradominantly residential

in land use, The attitudinal criteria chosen is based on annoyance reaction curves
relating Ldn with “percent highly annoyed." The relationship used is based on a syn-
thesis of numerous national and international social surveys on noise unnOyance.7 The
criterion is based on expected response to an Ldn of 55 dB. This criterion is also used in
commarcial or industrial zones because residents' attitudes toward specific noise sources

in these zones are assumed to be the same as for primarily residential zones.

2.1 Develop o Source/Location Impact Matrix

Collect data for each of the three indicators of noise problems mentioned above,
showing both the location in the community from which the complaint, attitude, or

noise originated and also the noise source with which the complaint, attitude, or noise
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{a) Percent of

(b} Percent of (c) Day/Night

House holds Househelds Sound Level
Complaining Mentioning (Ldn) in dB
About Source Being Annoyed Due to Source
By Source *
23 52 — 80 —
15 4 37 "':F' 75 -
0 4 25 L 70 -
Commercial or
Industrial Zones
5 L 15 4 65
Recommended
Criteria for
2 -+ 8 60 — Identification of
Noise Problems
1 — et 4 g~ .55 -t
- Residential Type
: Zones **
5o+ 1+ 50 -
0 4 0 - 45 L
(%) (%) (dB)

*Category "Highly Annoyed or Above" per EPA Attitudinal Survey.

wh
All zone types except commercial or industrial zones.

Figure 2.1, Nomogram for Determining {a} Complaint, (b) Attitude, and (c) Noise

Leve!l Criteria to Identify Noise Problems (based on References 4 and 7;
extrapolation shown by dotted line).
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is associated. Figure 2-2 illustrates the manner of assembling data for each of the three
indicators of noise problems In tabular form. Each table in Figure 2-2 will be called an
"impact" matrix. The exact form of the source and location legends of these motrices

will now be discussed.

Since data from the attitudinal and acoustical surveys conducted by the com- .
munity according to methods developed by EPA in previous sfudies,]’ are assumed to

be availoble for this analysis, locations should be defined in terms of noise zones. A i
noise zone, as defined in these EPA reports, is a collection of areas in the community

which have similar noise characteristics. All areas within a particular noise zone ore —
expected to be affected in o homogeneous manner by similar noise sources, although

the areas do not have te be geographically contiguous. The 19 possible noise zones —

used in the attitudinal and acoustical surveys are listed in Table 2-1.

‘ The noise zones in Table 2-1 are listed in the opproximate order in which they

ore established (see Reference 2). For instance, the airport zones are established first by
including all areas of the community which lie within the Ldn 65 dB contour {approximately
INEF 30) for Airport Zone B and within the Ldn 75 dB contour (cpproximately INEF 40) for
Airport Zone A. The railroad zone is then plotted by including all areas of the community
dominated by railroad noise, excluding the airport zones. The stationary source noise zones
are then established by determining the areo over which each stationary source can be heard
50 percent of the time excluding the oirport and railroad zones, and so on. Not all noise
zones may be defined by the acoustical survey; in fact, a maximum practical limit of 10

different zones is recommended, A map of the noise zones in your community should be
available us a result of work performed for the attitudinal and acoustical surveys. Obtain

this map ond refer to it while reading the following sections of this manual. Noise sources
which contribute to the overall noise environment of the noise zones are divided into
categories which roughly parallel the zone categories. A list of noise sources arranged

by source category is provided in Table 2-2 along with commonly observed examples.

Few communities will have noise problems associoted wi th every source. For instance,

there may be only one or two stationary sources which warront investigation, one airport

2-4
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Location in the Community

Noise
Source A B C Etc.
|
Percent of Households in Location A
3 Complaining About Source 1
Etc.
Attitudinal Dota
Noise Location in the Community
Source A B C Ete.
T
2 W o
Percent of Households in Location A
Which Mention Being Annoyed by
3
Source 71
Ete,
Acoustical Data
Noise Location in the Community
Source A B - Etc.
2 . .
Day-Night Sound Leve! (Ldn) in dB
3 Contributed by Noise Source 1
in Location A
E"Cu

Figure 2-2. Assembly of Complaint, Attitudinal, and Acoustical Dota in

Source/Location Impact Matrices
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source (if any), perhaps a freight train route and @ major highway, a few complaints
indicating garbage trucks should be considered, and the usual personal domestic noise

problems such as pets and loud stereos.

Table 2-1
List of Noise Zones Used in the Attitudinal and Acoustical Survey52

1. Airport Noise Zone Type A

2. Airport Noise Zone Type B

3.  Railroad Noise Zone

4.  Stationary Source Noise Zone

5. Commercial Noise Zone

6.  Industrial Noise Zone

7.  Commercial/Industrial Noise Zone
8.  Ceatral Business District

?.  Highway Noise Zone
10.  Major Roadway Noise Zone Type A
11, Major Roadway Noise Zone Type B
12.  Minor Roadway Low Traffic Volume
13.  Minor Roadway High Traffic Volume
14,  Minor Roadway Noise Zone
15.  Residential Low Density
16.  Residential Medium Density
17.  Residential High Density
18.  Residential Very High Density
19, Residentiol Noise Zone

ke e
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Table 2-2

Categories of Community Noise Sources
Considered in this Manual

Category Source Examples

Commercial/Industrial | Power Plant, Railread Yard, Foundry

Stationary Construction Highway, Utility, or Building Construction
Entertainment Center Race Track, Music Clubs, Qutdoor Theater, Bars
Jet Commercial, Military, Private

Aireraft Small Plane Single-engine Propeller
Helicopter Police, Military, Commercial

Rail Trains Freight, Passenger, Subway, Streetcer, Monorail
Traffic Major & Minor Arterials, Collectors and

Boulevards

Motarcycle Mo-Ped, Street Cycle, Police Cycle

Traffic Truek Dump, 18-wheeler, Refrigeration

Vehicle Bus Transit, School, Intercity
Auto Sedan, Sports Car, Van, Pickup Truck
Highway Freeway, Major High-speed Throughway

Other Vehicle Service Garboge Truck, Street Sweeper, Snowplow
Emergency Police, Fire, Ambulonce, Sirens

Domestic

Pets/Animals
Neighbors' Homes
Air Conditioners

Garden Equipment

Dogs
Stereo Music from within Neighbors' Homes
Air Conditioners, Heat Exchangers and Fans

Lawnmowers, Edgers, Trimmers
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At this point, for each noise category, list the principal noise sources in your

communitz .

Stationary Source — These will already have been identified in the

acoustical and attitudinel surveys. Group them in the following
categories:
~  Commercial/Industrial Noise Sources

-~  Consfruction Noise Sources

~  Entertainment Center Noise Sources

Aircraft — For each of the airports which have flight paths over or

near your community, determine which of the following aircraft
types are represented:
~  Commercial Jet, Military Jet, or Small Private Jet

—  General Aviation (propeller nircraft)

~  Police, Military, or Commercial Helicopters

Rail — For each main rail line through your community, determine which

of the following types of rail vehicles are represented and note whether

they are diesel or electric powered:

—  Freight or Passenger Train

—  Moncrail, Streetcar or Subway

Traffic Vehicle — In most communities, each type of traffic vehicle

listed in Table 2-2 will be u separate source of noise requiting

consideration:

~  Motorcycle

-~ Truck
-~ Bus
-~  Auto

()

L
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An some northern climates, however, motoreycles may not represent a significant

portion of road vehicles and therefore they would not need to be identified as a separate
noise source.

Trucks are defined herein as vehicles weighing more than 4500 kilograms
(10,000 pounds) which includes all medium and heavy trucks such as dump trucks and
interstate vehicles, but does not include light trucks such as bread trucks, vans, or
pickups. There are included in the “auto" category. Buses may be considered as one
source, or they may be considered as separate sources if there are a large number of
different types of buses, for instance, transit, school, and intercity. The "traffic"”
source listed in Table 2-2 should be included in your community's list of sources if the
noise from general street traffic in o porticular orea cannot be attributed to any particuler
type of vehicle. The "highway" source listed in Table 2-2 should be included in your
community’s list of sources only if there are any high-speed, limited access highways.

.Do not consider a major boulevard as a highway.

s  Other Vehicle — Determine which of the fellowing nontraffic motor
vehicles are present in your community to a significant degree, i.e.,

known or suspected to couse noise problems:

~  Serviee Vehicle (such as garbage truck, street sweeper, snowplow)

-~  Emergency Vehicle (such os police, fire, or ombulance)

Service vehicles should be considered a source if there are a large number
of operations in residential areas or if much of these operations take place during
the nighttime or early morning hours (between 2200 and 0700 hours), An example
would be a snowplowing service which tokes place every winter morning at 6a.m,
Ancther example would be early morning refuse collection where the garbage truck
frequently operates its trash compactor. Emergency vehicles should be considered o
noise source if their sirens and horns are felt to be excessively noisy, or if there are
a large number of emergency operations near residential areas. An example would
be a major route leading to a hospital and which passes through a residential portion

of the community. Noise from off-road vehicles, such as dirt bikes or snowmobilas,

2-9
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which are not operating on a fixed track, might also fit within this category. These

sources are not considered further in this manuol.

Domestic — In any community with sufficient density, noise from
domestic equipment and people will intrude on neighbors. 1f a
significant number of different kinds of domestic equi pment nolse

sources are found in your community, list eoch one as a separate

source. For instance, in many communities during the summer, both
air conditioners and lawn mowers may be in operation extensively,
ond many complaints or negotive attitudes may be observed for both
sources. Excessive nolse from domestic equipment is usually the
result of faulty or inherent design, poor maintenance, or improper
operation, There are other domestic noises which people have more
immediate personal control over. These may be colled "personal”
domestic noise sources, such as pets ond stereo music. Much of o
pelice department's involvement in noise control concerns such
"personal noises” ~ pats, loud stareo, parties, loud TV sets, or people
shouting. Again, a separate noise source can be defined for each of
the various types of personal noises if a significant problem is ohserved
for ench one. If not, two personal types of noise sources should be

defined: "Pets, * and "Neighbors' Homes. "

Now that you have defined noise zones and noise sources in your community,

prepare three tables as shown previously in Figure 2-2. Next, collect data for each of

these tables as described in the following sections.

2.2 Collect Complaint Information

The task described in this section is to collect data on the number of households in

each of the noise zones complaining about each of the noise sources defined in the community,

Complaints regarding noise can come from individual residents or from orgonizations.

They may be received by many porties:
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e  Operator/Owner (Examples: airport manager, industry headquarters,
service department)

o Government Agency (Exomples: police, city transportation or

environmental department, public utilities)
s  Medio (Examples: radio/TV talk shows, consumer programs)

s  Consumer or Environmental Orgonizations

Records of the source of the complaint and the location (residence) of the complainer
are not often kept; therefore, the task of establishing the total number of complaining
households for each noise zone and noise source may be difficult. However, all dota

that moy be available should be sought, and all suitable data which are obtoined
should be entered into the table.

An example tabulation is shown in Table 2-3. Here the total number of
complaining households for each source and zone is shown along with the percent of

the total number of households in the zone which the complaining households represent.

Finally, mark those combinations which have "excessive" complaints, i.e.,

more than 1 percent of households in the zone complain about a source.

2.3 Collect Attitudinal Information

Information on the attitudes of people toward sources of noise in the community
is obtained from the EPA Attitudinal Survey. ! Opinions of respondents toward general
neighborhood conditions and toward overall noise conditions in the area are obtained
as we!l cs attitudes toward particular noise sources, However, the most important question,
for the purposes of this manual, is Question 17 which asks each respondent how annoyed
thoy are by each of 20 categories of noise sources. This question is shown In Figure 2-3.
A computerized analysis of the results of the attitudinal survey is usually performed (with
EPA assistance). A portion of this analysis will present a cross=tabulation of the fre-
quency of responses for each leve! of annoyance for each noise source category, Further,

a cross-tebulation will appear for each separate noise zone. It will remain to compute,
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in Each Noise Zone Complaining, by Source of Complaints

Table 2-3

Example Tabulation of Complaints Showing Percent of Households

(Number of Complaining Households in Parentheses)

Meise Zane

Major Minar
Alrcraft Roadway Roadwoy Fesidential
Cot 5 Stati Low High Low Fedium High Very High
otegory ource ationary | A | B | Railroad | Commerclal | Industrial | Highway | A| B Valume | Volume | Density | Demity | Density Dentity Tetal
Commercial/Industrial
Stationary Equipment 6 ( L 0)
Saurces p—
Construction Noise /—\
Entertalnment Conters (2 (4) )
N’
Jet
Aijreraft Small Plone
Helicopter
Fall Tialns
Traffic Noise
Motoreyeles 1 (2)
Trafiic | Trucks
Vehiclas Buses
Automoblles
Highways
Other Service
Vehicles E
mergency
Pets/Animals
MNeighbors® Hames
Domestic
Air Conditioners
Garden Equipment
Tatal
Note: Circled source/zone combination indicates complaint criterio is exceeded (> 1% complaints).
~ R —e - [ [ERPUEE . e e, U S ”
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17. Plems turn 1o cord $37, As ! reod the following list of nolss sourcas, il ma how anroyed you
e by soch molw wource [nthh orea.

READ {o=u). CRCLE APPROPRIATE CODE,

How Annoyed Are | TREMEND- CONSID- NOT AT
You by Noiwe ousLy HIGHLY ERABLY WEDTUM. PARTIALLY A LITTLE ALL
from{. . .}? ANNOYED { ANNOYED | ANNOYED { ANNOYED | ANNOYED { ANMOYED [ ANNOYED

o, Tmffic? H 2 3 4 5 & 7
b. Motrcycles? 1 2 4 5 [ 7
¢, Tneke? ! 2 3 4 H é 7
d. Buoe? 1 2 3 4 5 -] ?
a. Automobiles? I 2 3 4 5 é 7
f. Highways or 1 2 3 4 5 3 7
Fireaways?
9. Recrontioro!®
Vehicles (v.p., L} 2 3 4 5 [ 7
SrowmcbTles)?
h. Garbage
Trucks ? 1 2 2 4 5 & 7
i. Emergency 1 2 3 4 5 [ 7
Vahiclor/
Sirem ?
J. Enteroinmant
Canhors (e.g.,
elubi, movie, ! ? 3 4 s 6 7
places that play
Live malc)?
k. Psh/Animals? 1 2 3 4 5 é ?
[, Msiphbors’
Momwi (e.g.,
molsy sterac, 1 2 a3 4 5 & 7
foud miking)?
m. Al
Comditionsn? ! ? 3 4 s ¢ ?
n. lawnmowsn/
Grordan Equlp- 1 2 3 4 5 & 7
mant?
. Jot Alrplores? ‘1 2 3 4 5 [ 7
p. Seoll Alrplores 7 1 2 3 4 5 é 7
g. Helicopmn? t 2 3 4 5 6 ?
r. Traim? 1 2 3 4 5 [ 7
s. Comtuction
Mobe? 1 2 3 4 5 & 7
t. Commarciol or
Induntrial 1 2 2 4 3 & 7
Equipmant?
v Other o
Sourcer ! 2 3 4 5 & 7

*Not oddresnsd in this mansal,

Figure 2-3. Question 17 from the EPA Attitudinal Survey to Determine How
Annoyed People Are by Various Noise Sources
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using these tables, the percent of the respondents who said they were either highly or_
tremendously annoyed by each noise source. This compilation should be done separately

for each noise zone. For example:

In the residential noise zone, the breakdown of responses to noise (say, auto=

mobiles) was as follows:

Source Tremendously Highly Considerably Medium | Portiolly | A Little | Not ot All
Annoyad Annoyed Annoyed Annoyed | Annoyed | Annoyed Annoyed
Automabiles 25 35 72 118 L 12 L 74 J &2

Qut of a total number of respanses to that item of 500, 35 +25 = 60 reported being

either tremendously or highly annoyed by outomobiles. This means that

-5‘6% x 100% = 12% of the people are significantly annoyed by automebiles.

Once the percentage figures for each noise source/noise zone combination are

computed, assemble the results in tabular format as shown by the example in Table 2-4,

Criteria may now be applied to identify those noise source/noise zone combina~
tions which are problems from an attitudinal standpoint. Mark those combinations which
have "excessive" negative attitudes toward noise sources; i.e., those in which at least

4 percent of the households in o zone maintain they are significantly annoyed by a source.

2.4 Collect Acoustical Information

This section assumes that data from the acoustical survey will also be available.

A computerized acoustical data reduction is usually performed (with EPA assiﬁhnce).26 The

particular item of interest for this manval is the component noise source "equivalent

impoct" levels for each noise source for each noise zone.

These source levels are spatial (humerical) overages of source levels observed

ot acoustical survey measurement locations. At those measurement locations where a

source wos not intrusive enough to be identified, the minimum impact level for the
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Table 2-4
Example Tabulation of Surveyed Attitudes Showing Percent of Households
in Each Noise Zone Significantly Annoyed by Each Noise Source
(Number of Households in Parentheses)
Molse Zone
*Major Minor
Alcraft Koadway Roadwoy Residential
Cotegory Source Stationary | A | D | Roflroad | Commerclal | Industriol | Highway | A | B VnLlDu:w Vctil?:c DuLno:Yly ND::I:: D:I:\gs:y VS;::'IEh Totol|
Commercial/ladusiriol 4 (8)
Stationary Equipmant
Sources
Construction Naise
Entertainment Centers ] (2)
Joi
Airgraft Small Plane
Helicopter
’}’ Rail Trains
—
tn Traffic Noise N
Motereyeles (8 (]6))
Trucks \../
Traffic
Vehicles a
uies
Automobiles
Highways
Othar Service
Wehicles
Emergency
Pets/Animals
Meighbors' Homeas
Domestic
Air Conditioners
Gearden Equipment
Tatol
Note: Circled source/zone combination indicates attitudinal criteria exceeded.
T TR, - FR— e s e ept e e 50wt 4 i o1 st b s aate e ¢ SR
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corresponding type of land Use (see Table 1-1) was substituted (instead of zero!l) in the

averaging process. Hence, the term "equivalent impact." This procedure was designed

to be entirely consistent with the methodology presented in this manual.

Figure 2-4 illustrates the form of the output of interest here from the computer

analysis of the acoustical survey. The Ly 1 used as a criterion for identifying a trouble-

some noise source; the L and L will be used later as input to the Noizop computer program.

A noise level of O dB indicates that that noise source was not identifiad in the noise zone.

Some manipulation of the results of the acoustical survey may be necessary
because the list of noise sources for the acoustical survey is not identical with the iist
for the attitudinal survey used in this manual. Refer to Table 25 for resolving these

differences.

Some noise source levels not measured in the acoustical survey (i.e., enter-
tainment centers, air conditioners, etc.} will have to be obtained by other means. If
data from previous acoustical surveys is not available, on individual from the local
noise control office may be sent into the community with a sound level meter to gather
typical noise levels for these sources. Note that these data will have to be translated
into daytime and nighttime noise levels (Lci and L, respectively) and day-night levels,
L

dn
availoble prediction techniques. A description of these techniques is beyond the scope

. An alternate approach is to estimate the noise levels for these sources using

of this manuali.

In eddition, the EPA acoustical survey provides no source level information
for the airport and railroad noise zones. For these zones, the procedure outlined in
Table 2-6 should be used. This table provides nominal noise levels for jet aircraft and
rail noise sources to be used for source noise levels in their respective noise zones. A

simple olgorithm is also provided to estimate levels for other sources in these zones.

—
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61.8

COMPONENT SQURCE EQUIVALENT IMPACT LEVELS

SQURCE

EMER, VEH,

SHMALL PLANE

JET

HELICOPTER
RAILROAD

TRUCK

AUTO

BuS

MOTQRCYCLE
SERVICE VYEHICLES
OFFs RD. VEH,
CONST, ENUIP,
YARD MAINT, EL,
FACTORY EQUIP,
HOUSEROLD EQUIPR,
boG

LOUU SPEAKERS

UNIDENT IFLABLE

LD

»0
S3.8
53.6

o0

o0
56,0
5643
St.4

]

S4.3
5440

o0
539
53,9
S2.8

o0

83,7

LN

42,2
4148
43,0
42,4
58,8
41,0
41,4

Glat
4244
H2a0
4244
dcad
4241
41.9

4244

3942

LEN

47,9
53,1
53.4
48,2
44,5
54,7
55,1
53,8
48,2
47,4
53,7
51,5
48,2
53,4
52.4
52,5
48,2

52,5

Component Source Levels
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- Figure 24, Example Qutput of Computerized Reduction of Acoustical Survey Data Illustrating
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Comparison of Noise Sources Used in

Table 2-5

EPA Acoustical Survey M::muul2 with Those Used in this Manual

Noise Source

Noise Source

Acoustical Survey
Noise Source *

Category
Commercial/Industrial Factory Equip.
Stationary Construction Const. Equip.
Entertainment Center —
Jet Jet
Aircraft Small Plane Small Plane
Helicopter Helicopter
Rail Trains Railread
Traffic Noise
Motoreycle Motorcycle
Traffic Truck Truek
Vehicle
Bus Bus
Automobile Auto
Highway S
Other Vehicles Service Service Vehicles
Emergency Emer. Veh.
Pets/Animals Dog

Domestic

Neighbors' Homes
Air Conditioners

Garden Equipment

Household Equip.

Yard Maint. Eg.

*See Figure 2-4,
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Table 2.6

Estimated Noise Levels for Noise Zones with No Source-Specific Data

a} For Ldn’ use:

Jets Rail All Other
Airport Zone A 75 dB (1) * (1)
Airport Zone B 65dB (1) (1)
Railroad (1) | 6548 (1

b) For Ld(?'), use:

Jets Rail All Cther
Airport Zone A 74 dB (1) (1)
Alrport Zone B 64 dB (1) (1}
Railroad (nm [ 64 dB m

c) For Ln (2), use:

Jets Rail Al Other
Airport Zone A 66 dB (1) {1)
Airport Zone B 56 dB {1) (1
Railroad (1) 56 dB (1

NOTE: Ldn is used in the criterio evaluation procedure.

Ld and Ln are usad as input to the Noizop computer program.

* (see additional notes on following page)
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Table 2-6 (Continued)

For thase values, use the expression

where:

L

L= Rt H ey Loy

is the resultant level, either L e Ld' or Ln'

is the fraction of the land use in the noise zone of interest
(Airport or Railroad) that is residential, (FR + FC/I =1)

is the noise level {L. , L, or Ln) of the noise source of
interest in the residéntialhoise Zone.

is the fraction of the land use in the noise zone of inferest
(Airport or Railroad) that is either commercial or industrial .

is the noise level of the noise source of interest in the
commercial or industrial noise zone. If the two zones are
considered separately, use a numerical average value for the
source level.

Assumes L, = Ln + 8 dB (see Table 1-1)

d
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Once oll the source contribution values for each zone have been obtained, they
may be arranged in tabular form as shown in Table 2-7. As shown in the table, mark those
noise source/noisé zone combinations which have an Ldn exceeding 55 dB. These combina-~
tions denote sources ond zones which have "excessive" noise problems and which are

candidates for the application of noise abatement techniques.

2.5 Select Problem Areas to Ihvestigate

Select the final set of problem areas to be investigated by combining Tables 2-3,
2-4, ond 2-7. You have previously marked those noise source/noise zone combinations
in each table which exceed the criteria established in Figure 2-1 for complaints,
attitudes, and noise levels, respectively. Gather the complaint, attitude, and noise
level values for each of the marked combinations into a moster source/location impact
matrix as shown in Table 2-8. All sources identified in the matrix as being the cause of
excessive noise problems will be considered for noise abatement treatment. 1n all zones
'idenﬁfied by the matrix as being the location of excessive noise problems, the costs
and effectiveness of various noise abatement measures will be investigated. The
procedures for selecting abatement measures and providing related input data for the

cost-effectiveness model are discussed in the next chapter,

2-21
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Table 2-7

Example Tabulation of Noise Levels (Ldn) Showing Contribution of Sources in Fach Noise Zone

Nolse Zone

Majot Minor
Alrcraft Roodway Readway Fesidential
Category Source Staticnary | A | B | Rallreod | Commercial Industrial | Highway | A | B Volﬁ:o V:‘Ii?r:n DnLnos?ly g‘f:;;’rﬂ; D?:\?lhry V;:_Lg‘fh Totol
Commercial/Industric!
Stationary Equipment
Sources
Construction Moie
Entertainmont Contess 42
Jot
Alrcralf? Smoll Flane
Hellcopter
Rail Trains
Traffic Nolse
Motoreycles (462 ,
Traffic Trucks
Vehicles Buses
Automobiles
Highways
Other Sorvice
Vehicles Emurgency
Pelt/Animals
Neighbers' Homes
Domestic

Air Conditioners

Guaiden Equipment

Total

Note: Circled

- R VE ARG LT IO

source/zone combination indicates nolse level criteria is exceeded. (Ldn > 55d8B)
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Table 2-8
Example Impact Matrix Showing Source and Location (Noise Zone)
of “Excessive Impacts" Identified from Tables 2-3, 2-4 and 2-7
Holse Zone
Major Minor
Alreraft Roadway Roadway kesidantia)
. Low High Low Medium High Very High
Cotegory Source Stationaty | A [ B | Railroad | Commerciol | Industrlel | Highway | A} B Valuma | Volume | Density | Demity | Density Density Total
Commercial /Endusteial C
Statfonary Equipment
Saurces
Construction Noise
Entertalnment Centers C
Jet
Aircroft Small Plane
Helicoptar
l'}'! Rail Traing
N
[N Traffic Noise
Motorcycles A, N
Teaffle Trucks
Vehicles Busers
Autamabiles
Highwoys
Other Service
Vehicles Emergency
Pets/Animals
Neighbon' Hames
Domestlc
Air Conditicners
Gorden Equipment
Total
C - Complaint Criteria Exceeded. A - Attitudinal Criteria Exceeded. N - Noise Level Criteria Exceeded,
E"“M B g e i b . - - T e L i Ll H L gt i b s R i s T
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3.0 QUANTIFY ALTERNATIVES

In Section 1.2, a brief outline of the computer program Noizop was presented.
In this chapter, methods of preparing date for the operation of Noizop are described.
Four preparatory tasks are involved. They are considered in turn in the following
sections:

3.1 ldentify Appropriate Alternatives

3.2 Select Year to Apply Optimization Model

3.3 Prepare Community Data

3.4 Estimate Costs and Noise Reductions of Alternatives

3.1 Identify Appropriate Alternatives

A list of "problem" noise sources was derived in Chapter 2 based on complaint
histories, attitudinal data, and acoustical measurements. The purpose of this task is to
compile a list of noise abatement alternatives for possible application to these noise
sources. Inorder to minimize computational effort, both by hand and by computer,
only those alternatives will be listed which are expected to be effective in solving the

particuloar problems identified in Chapter 2,

A list of abatement alternatives which local governments may apply to
community noise problems is shown in Table 3-1. For each alternative, an illustrative
example is given showing how the alternative might be epplied in o typical community.
Study these alternatives fo familiarize yourself with the options which are ovailable.
Then, complete the following steps in order to obtain a list of abatement alternatives

which are the most appropriate for your community.

Step 1. Make a list of "problem sources" from Table 2-8. Include all sources which
have been identified as producing an excessive impact on one or more noise
zones in the community.

Step 2. Add to the list of identified problem sources any additional sources of noise

which are known to cause problems in the community, but which may have

been missed by the procedures of Chapter 2, Do not guess. Rather, use
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Table 3-1

List of Abatement Alternatives Which Local Governments

May Apply to Community Noise Sources

Abatement
Alternatives

Example *

Operational Restrictions

Noise Standard
Oporational Controls

Ared Restrictions
Time Restrictions

Permits

Land Use Restrictions

Barriers
Building Inwlation

Compensation
Population Relocation

Planning/Zoning
Building Codes

Tax Measures

Tax Incontives
Tax Penalty

MNew Product Regulations

Nofse Standard
Labeling

Equipment Standard

Maintenance

Rotrefit
Other Altemativos

Educotion

Complalni Mechanism

Motor vehicles shall not exceed B& dB ot 15m In speed zones above ddkm/h (40 mph)
1. Speed limit in residential areas changes from 72 to 56km/h {45 to 35 mph),

2, Vehicles shall not operate with excesslve acceleration (except where safety
requires),

No thru=trucks allowed in hillside area.

No loud music exceeding 70 dB ot property lino allowed after 10 P.M.

On all construction projects exceeding $10,000 value, squipment must mest muni-
cipol nolse standard X.

Consiruct barrier between highway and school.
Insutate all buildings near airport where Ldn > 75 dB,

Reimburse residents under flight path for lowered property values.
Relocate residents llving In alrport areas where I'dn = 75 dB.

1. Boild new highway through industrial area instead of residentiol area,
2, Restrict future housing devel opments near airport,
Extra inwlation roquired in zones where Ldn » 65 dB,

Ceammercial establishments installing quiet outdoor furnoces receive tux break,

Plants are charged $500 per dB in excess of 70 dB (Ld") measwred at propetty
line por yeor.

Now fawn mowers wld in the city may not exceed 75 dB at 7.5 m.
New vacuum cloanors sold In the city must be acoustically loboled.

Rogistered automobiles must be nspoctad for proper maintenance once every two
years.

Al motercycles must have o muffler that produces an Insortion loss of at least 20 dB.

!, iwoadeast once=a-month radlo programs to help consumer choose quiet products,
2. Inform local airport and pilots of noise-semsitive areos.
Estublish nofse hotline In cooperation with palice.

® Theie examples are iltustrative and may not completaly describe deralls which must be specifiod if the abatement olternative
is to be properly estoblished. Products mentionod as rargats of abatement action muy not be the most important noise sources

to conirol.
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Step 3.

Step 4.

information such as newspaper articles, TV iaterviews, and topics of public
meetings to determine whether there are additional sources of noise which
the community is disturbed about, For instance, the acoustical and atti-
tudinal surveys of the community might have been taken during the winter,
whereas a noise source such os a fairground may only be in operation for

2 weeks during the summer. It is also possible that the affected population
residing close to the fairgrounds is small, compared to the total population

of the noise zone, such that the complaint criteria level is not exceeded.

Remove from the list of identified problem sources ony for which, based on
community consensus, treatment is not desired, For instance, on event

such as a fireworks display is typically regarded by most segments of a
community as beneficial and is not therefore subject to noise abatement.
Consequently, if a source such as this was identified in Chapter 2 as @

noise problem, it should be removed at this time from further consideration.
Again, do not guess. Utilize only published or public information on which
to base any decision to remove sources which have previously been identified

as problems.

Prepare a list of remaining abatement alternatives which are expected to be
effective in reducing the noise from the problem sources in the community.
Ailternatives which are applicable to each problem source are identified
using Table 3-2 as follows, First, underline your community's problem
sources in the left~hand column of the table. Next, circle all dark crosses

lying in the same rows as those sources which you have identified as problems.

Finally, circle with a heavy line the heading for all those alternatives
which have a circled dark cross in their column. An example of this procedure
is shown in Table 3-3. The heavily circled alternatives are expected to be

the most effective measures for reducing your community's noise problems.

3-3




Table 3-2

Countermeasures Which Local Governments Can Apply to Community Noise Sources

Operationcf Rastelctions Land Use Controls

Cot o Nolue Oparational Areq Tlma Building Population Planning Building
ategory tee Stondard Conirols Festrictions | Restrictlom Parmite | Bortlars Insulation | Compemation Relocation & Zoning Codes

b b n x n ] K
=]

Commercial/Industrial ”

Equipment

Statiomany
Sources Contryetion Maite

Enrestainment Centers

Jet

b

Alreralt Small Plane

Helicoples

Birluix|r
g IR

el

Vehicles Train

]
- AR- 2R A0 3B 3N
Bigixininixn

Troffle Nohe (1}

Matorcycles

Troffic Trucks
Vehicles Botes

b
nin

Automablley

)

e I 8 g
pxd
TR |A|R|8N

b

Highwoy & Freeway

Other Gatbage Trucks

Vahicler Emargency Vehicles/
Sirens )

Pen/Animaly

RiIW[R Qi 8B X x|z w/x|n]xixlx

X INaise from ‘Within
Domestic Neighbors* Homes

Air Conditioners

AR ARSI RS- IR IR-IR-IR AR AR-RE-2R 2R AR -2 E° 2L -]
LR AR AR AR AR IR A AR AR A AR AR AR 3R
uuauu{ununnz:nulxnuxx

x| »

Lownmowaeis/Gorden
Equiprmnt

Implamentation Time Shett Time Frame I Lang Yime Frome

. Tnferior Semitivity ¥educhion of Tntesior
Benefit Extarior Noise Leval Reductlon Reduction Reduction Exposed Population Reduction

*See next page for key.
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Table 3-2 (Continued)
Tox Meaiures tew Product Regulations Equipment $tendards Oiher Countermeasures
Catagury Source .I.MF'I:::::;V" Bu;}l:x:&nn Nolso Stondard Lobeling Mnlnltmn:n Ratrafir Education Complaint Mechaniim
Cammerciol /Tnduilrio]
5 Equipment [l hd Ll a & »
'
;‘:::::r Construction Nolsw " Ix] " » by b} n
Entertolnment Cantary b4 xi : pn] ”
Jo! 3 gV x u »
Aircraft Small Plane b b2 (2) it n n
Hellcopia: it ] @ b n x
Fail ’ .
Vehlcles Tenim H I 2 hui n n l':!_
Teaftic Noba (V) » 2 ® ”
Motoreycles n n n n X x
Toiiic Trucks " F ] M n R n
Vehiclas
Buies 2 n x n n bud
Automabilut " " n n ¢ x
Highway and Fr-wo)r( b g b | n " 2
rher Gorbage Trucks u ® n Ex] » b
Vehlcles 1
Emargeney Vehicln/ n
Elten; n n ®
Pets/Animaly % R n
i Neia fiem Within " b
Dometic Neighbors' Hamws 7 = i
Air Canditlonen b} b ] b} ] b ® n
Lownmoweri/Gardan )
Equipment S} i d b= b » 3

[ ®__] Obvious or known to be effective.

lmplementalion Time

Lonp Time Frame

Shart Time Frame

Beraflt

Entarlor Nofte Level Raduction

Mixtute Benetitn

[_= ] Potentiolly applicable.

Not applicable or feasible.

trucks, autos, etc.

{2) Cooperation from FAA necessary.

T RREN MESIY MW el

(1) Includes countermeasures applicable to roadway vehicles:
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All of them will be considered in the cost~effectiveness model, Prepare

a list of these alternatives for each source. There are 11 such alternatives
shown in the example. Now return to the table and draw a box around
all the light crosses lying in the same rows as the identified sources. Then
drow a box around the heading for those alternatives which have a light
cross boxed in their column, but which have no dark crosses circled {i.e.,
the alternative has not been circled)., An example of this procedure is
also shown in Table 3-3. These additional alternatives are potentially
applicable to the problems in your community, but their application is
optional. Make a list of these optional alternatives. There are five of

these optional alternatives shown in the example.

Step 5.  Choose from the list of "potentially applicable"” alternatives {with boxes -
drawn around them) enly those olternatives which you wish ta consider
in the cost-effectiveness model, For example, you may wish to consider -
building barriers as an abatement measure to reduce moise from o construc-

tion site, although this alternative is not expected to be very effective

in this particular case.

Step 6. Add to the list of alternatives to be analyzed by the computer model any
odditional alternatives which moy not have been selected up to this peint,
but which the community wishes to consider. For instance, the labeling of
new lawn mowers sold in the community with a tag showing the noise level
they produce at a reference distance mo); not be very effective in actually
reducing community noise levels. However, if an extensive local noise
labeling program is desired or is already underway, it may be appropriate to

include this measure in the list of applicable alternatives.
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Table 3-3

Identification of Specific Measures for Treating Problem Noise Sources *

N

lend Uze Cannals

Category

. .+ Naiw pelationa
Saurce \Srcndnﬁ) QCr.nluﬂJ

Plarning
a4 Zoring

Buitding
Cozet

Popwlation
Relocation

Alca

Building
Barriers Inwlotion J{ Compensation

Petmits
r,

Cormeigial/Industiiol
Equinmeat

Statiomary

Scwices Contiructjan Nolse
Ny S g

Enteritairment Centars

Jol

Airerafy Smell Plane

He licopler

il

Verhicles Trains

Tralfic Naisa V)

eliliieilide

Triehs

£-€

Troffie

Vekicles Boses

T
©,
x
:
@
"
i

mia|aig

Autamatiles

[}

_Hig*wuy & Ficoway

X1
x

b S8

Gatcan Troeks

Ctier i i——

Nahicles Ere siney cehiclet/

Siiery

x (@ nn|nl 2@ nn u:xn@x(

Fers/Asimals

MNoite [tom YWithin

Domestic Ruizhbein' Homey

Al Congitinnery

Law-rcnen/Garden
Equipuan

nmnnn@xnnu@nnnnmx[ﬂx(

lrplereniation Tire

Shoet Time Fiame Leng Tire Frama

Benafit

Inrerior
Reducrion

Kedugtion of
Exposed Pooulation

Semltivity

Extarior Nofte Lovel Reduction Redugtion

ntaiior
Reduciion

*See next page for key.
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Table 3-3 (Continuved)

8-€

[ — Jou Meosues M:l Regulatlont Equipment Stondards Cther Countermeasuies
Prapeil Dusiness Tax > " - . .
Cotagory Source Tox In:,:nf,;vu I Panalty Molie Standar Labeling [ (Malnanonca) heirofir Educction Complaint Mechonizm '
Cormimarcial/lndustiial L e b =
{cuipment » ¥ gt b4 n
Statinnory . .
Saurcas Eumlruelmn Noiwe ®
Ertertainment Centany »
Jet [ 4
Aircraft Small Plans 2t
Helicuprer n
s
baii Tinim 0 bx
Vehicley
Trafiic Nahe (W ) [
Motorgpele) ® ®
Tiaffic Tively » 2
Vehiclan
Buies n 1
Autpmabiles n n
Highwoy and fr-lwcy“; n 2
Othar Cetbeze Trucky b @
Vehicles Ersiqenzy Vehicles/ b4
Shem
Pets/Arinals x
Mol from Within »
Domeitic Neizitars' Lameg
Air Conditionais -
Lownrg~es/Gorden x
Equiprent
Imple—eniatian Time Long Time Frome Snael Tima Froma
Berelit Exterior Nofse level feduction | Minture Benelin

[I] Obvious or known to be effective. (1} Includes countermeasures applicable to roadway vehicles:

=1 Potentially applicable. trucks, autos, etc.
i {2) Cooperation from FAA necessary.

Not applicable or feasible.
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Step 7.

Step 8.

Remove from the list any alternatives which are, bosed on local circumstances,
considered to be impossible to implement, For instance, if there is going to
be no possibility of funding for noise enforcement purposes, then alternatives
such as noise standards, equipment maintenance requirements, and operational
controls would be candidates for removal from the list. Do not eliminate
potential abatement alternatives at this time merely because they may seem

at first glance to be too costly or ineffective in reducing noise. The decision
regarding which alternatives are the most cost-effective should be made after

obtaining results from further analysis.

Use Table 3-4(a) to help identify community reactions toward each alterna~
tive. Question 21 of the EPA Attitudinal Survey Questionnaire asks whether
the respondent would support @ number of suggested noise abatement activities.
The percent of respondents who support each suggested activity is tabulated
in the Attitudinal Survey analysis computer output. This data package should
be avoilable from the EPA or the agency conducting the survey. Obtain
these percentages for the entire community. For eoch suggested olternative
in Table 3-4(a), enter the percentage of people who support the suggestion
in each open square under the suggestion heading. An example is shown in
Table 3=4(b). Now, for each abatement altermative which is o candidate for
implementation up to this point, note the percent of people who say they
would support it in the right=hand column {as shown in Table 3-4(b) for two
hypothetically recommended alternatives). In some cases, such as for
equipment standards, two types of activities suggested in the questionnaire
are applicable to a single abatment alterrative, and the percent of people
who support both suggestions should be considered. For instance, people
may support a vehicle mointenance program because it would make sources
quieter (Suggestion a) but they may not support the program if it provided

“Fines for making too much noise" (Suggestion e).




Table 3-4(a)
Worksheet for Identifying Community Attitudes Toward Abatement Alternatives

Percent Supporting Given Suggestion * -
a b [ d ° f g h
Makes Fines for Percent -
Noita | Flanning Making Public Supporting
Abatement Sources and Bldg. Too Much Infarmation Recommended
Alternatives Quieter | Zoning | Codes | Curfews Noisa Barriers | Compaign Chther | Alternatives -
Operational Restrictions
Noise Standard R
Operuficnol Centrols > ,,,"« 5
e e
Area Restrictions 5 ; i e 5
s 5 R e
Time Restrictions ‘ ERS R
. R ey SRR
Permihs _ )

Lond Use Restrictions

Barriers
s 5 s i = o

e

Building Insulation

Compematicn N/A#e ‘

Population Relocation N/A

Plonning/Zoning 2 S 3

Buflding Codes e

Tax Measures

Tax Incentives N/A

Tax Penalty

New Product Regulations

Noise Stundard

Labeling 5

Equipment Standard

Maintenance

Ratrofit S 2

QOther Alternatives

Educatien

s .2';‘ -r.&r;cg:é. v o

Complaint Mechanism

- ITY U ILY AUV L0

*From Q21 of Attitudinal Survey.
**N/A - No suggestions in Attitudinal Survey questionnaire are applicable to this abatement alternative.
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Table 3-4(b)

Worksheet for Identifying Community Attitudes
Toward Abatement Alternatives

Percent Supporting Given Suggestion *

c

d

f

Abatement

Alternalives

Makes
Noise
Sources
Quieter

Planning
and
Zoning

Mdg.
Codes

Curfews

Fines for
Making
Too Much
Nofse

Barriers

Public
Informatien
Compaign

Other

Percent
Supporting
Recommended
Alternotives

Operational Restrictions

( Noise Slandard )

Operational Controls

Area Restrictions

Time Restrictions

Permits

35

Lemd Use Restrictions

Barriers

Building Insulation

Canpensation

35-40

Population Relccation

Planning/Zoning

Building Codes

Tax Measures

Tax Incentives

Tax Penalty

New Product Regulations

WNoise Standard

( Labeling )

Equipment Standard

Maintenance

Retrofit

Other Alternatives

Education

Complaint Mezhenism

*From Q21 of Attitudinal Survey
**N/A ~ No suggestions in Attitudinal Survey questionnaire are applicable to this abatement alternative.

INOTE; Circled alternatives-are hypothetically recommended in this example using the procedures presented

earlier in this shapter. This example indicates significant community suppert for noise standurds,
but little support for a lobeling program.
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Step 9. After completing the above procedure, note which alternatives are supported
by the communily and those which are not. Remove any obatement alter-

native which the community clearly will not support, In any decision to
remove an clternative from further consideration, additional sources of
attitudinal information other than these survey data may be uvsed if they are
availeble. Similarly, based on other results from the attitudinal survey or
other sources of information, give strong cansideration to including any

additional alternatives which the community is willing to support.

The result of executing the nine steps just presentad is that a list of Feasible
candidate noise abatement altermatives is developed. The community should be prepared
to implement these measures to some degree. These measures are also expected to be
effective in reducing the noise problems faced by the community. The next task is to

select a time period (year) in the future in which the costs and effectiveness of these

abatement alternatives are to be compared.

3.2 Selact Year to Apply Optimization Model

The first step in any cost analysis is to decide what time frame will be
utilized. Once a time frame is selected, it is applied to all alternatives under
consideration to ensure that they are compared on an equal basis, The cost-effectiveness
model can be applied only to one selected torget year. The implicit assumption is that
the implementation of noise countermeasures during the time period from the base year
to the target year will gradually reduce adverse noise effects to the level projected
for the target year. Specific reasons for selecting a particular target year may be voried;
some cities may desire to coordinate noise control strategies with their long-term master
plan and may therefore desire to evaluate a period of up to 30 years, In other cases,
political pressures may dictate the necessity of obtaining quick cost-effective solutions
so that a target year only a few years from the base would be selected. If noise counter-
measures are considerad which involve a considerable time lag in their effectiveness
(e.g., zoning and building codes), the target year must be selected such that their effect

can be included. Resources permitting, very valuable insight into noise abatement
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strategies can be gained by repeating the entire analysis for 2 or 3 target years. In fact,

the optimum allocation of funds among the various noise cbatement countermeasures may

vary depending on the target year selected.

Detailed guidelines for the selection of the yeor for which costs and

effectiveness will be compared and involve a number of considerations as follows:

» Population projections/growth rote/building activity
¢ Time lag for alternatives selected

8 Future technology

Availabiiity of future funding

o Time frame for master plon

»  Necessity for quick solutions

¢ Projected timing of expenditures (discounted annual costs)

Population Projections/Growth Rate/Building Activity

If the population of the community is growing ropidly, it is advisable to select
a year which will follow the peak growth period so that the analysis will apply to a more
stobilized environment. For low growth conditions, a short-term analysis will suffice.
When future growth conditions are difficult to forecast, a short-term analysis is recommended

in order to minimize the uncertainties associated with predicting the effects for a medium

or long-term analysis.

Time Lag for Alternatives Selected

Certain noise abatement alternatives, especially zoning and building cedes, are
long-term solutions only. As a result, their effectiveness cannot be properly assessed unless
they are analyzed for @ projected period 5 to 15 years after implementation, This is because
zoning and building codes are not retroactive and do not offect existing buildings, Vacant
lots and properties with buildings over 50 years old will be the first to comply with such
regulations. The time lag for effectiveness of these countermeasures thus depends on the

prowth rate and the proportion of vacant land or older buildings in the community.
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Future Technology

Future tachnology could make both cost and effectiveness estimotes obsolete
for some alternatives, This possibility is most likely with a long=term analysis. If the
noise abatement options under consideration involve industries which emphasize research
and development (such as the aircraft or motor vehicle industries), a short-term analysis
is more advisable bacause of the uncertainties surrounding future noise abatement tech=

nology which these industries might employ.

Availability of Future Funding

It may be desirable to coordinate the cost-effectiveness analysis with the city's
budget preparation so that future funding for noise abatement activities can be incorporated
into the budget. For some cities, this will necessitate only o short-term (1 to 5 years ofter
initiol implementation) analysis. However, other cities may also prepare medium and

long-term budgets which make a longer term cost-effectiveness analysis desirable.

Time Frame for Master Plan

Master plans are prepared for varying periods of time ~ usually from 5 to 30 years.
The year chosen for analysis should fall within the period covered by the moster plan.

This wi!l ensure maximum coordinetion among such factors as growth rate, zoning

regulations, etc.

Necessity for Quick Solutions

If the emphasis is on immediate solutions to current noise problems, a short-term
analysis may be adequate. As the emphasis shifts to control of anticipated future noise

problems, a longer term anolysis will be advisable.

Projected Timing of Expenditures

Sirze future costs are discounted but future effectiveness is not, the cost=
cffectiveness ratio of a given countermeasure can vary from year to year, so different
resuits may be obtained depending upon the year chosen for analysis and the particular

year(s) in which certain expenditures are made for various alternatives, Figure 3-1

3-14
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illustrates this issue for one hypothetical altermative. After scheduling one-fime

expenditures such as building insulation, land acquisition, and noise barriers, the

analysis year can ba chosen. The year selected should be a period of time after these

one~time expenditures have been incurred.

Benefits
A A A A A
@
Benefits . ®
or
Costs Costs o
e
&
] | i | |
1980 1981 1982 1983 1984 1985
Year

Figure 3~1. Apnual Noise Reduction Benefits and Discounted Annual Costs: An
Hlustration of the Change in Cost-Effectiveness Due to Timing of

Expenditures

Summclrz

Using the format illustrated in Table 3-5, check the opplicable boxes after

determining (based on each of the decision factors) whether a short-term or long-term

analysis is most advisable. If oll factors are equal in importance, adopt the time frame

which receives the most check marks. Once this is done, if a short-term analysis is

indicated, select a year 1 to 5 years from the date the alternatives will first be implemented.

For a long-term analysis, the year chosen should be 6 to 15 years from the date of

implementation,
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Table 3-5

Example Selection of Short=Term or Long—Term Analysis Year

Short=-Term Decision Factor Long~Term
Low Growth Conditions, Growth Rate Population is Growing
Future Growth Difficult Rapidly
to Forecast
Options are Effective Time Lag for Options Include Zoning
Upon Implementation Options and Building Codes
Options Involve Industries Future Options are Essentially -
which Emphasize Research Technology Independent of New

and Development

Technology

Short-Term Budget
(1 to 5 years)

Avcilability of
Future Funding

Long-Term Budget
{over 5 years)

Planning Period is Less
than 5 Years

Time Frame for
Master Plan

Planning Petiod is Over
5 Years

Emphasis on Immediate
Solutions to Current

Necessity for
Quick

Emphasis on Control of
Anticipated Future

a1

b=

Noise Problems Solutions Noise Problems
One-~Time Expenditures Projected One-Time Expenditures -
Scheduled Within Timing of Scheduled After
1to 5 Years Expenditures 5 Years
4 Total Number of Short-Term Total Number of Long~Term 3
Factors Checked Factors Checked
‘/ Term Length Chosen

It is recognized that in muny cases all seven decision factors will not be equal
in importance. When this occurs, it may be desirable to check only those decision
factors which are most important to the community such as growth rate or necessity for

quick selutions, and then select the time frame indicated by these important factors.

3-16
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3.8

Prepare Community Data

The preparation of community data for input to the optimization model is

discussed in this section in four parts:

3.3.1

3.3.1 Divide Community Into Cells
3.3.2 Estimate Cell Populations
3.3.3  Establish Boseline Noise Levels
3.3.4 Prepare Land Use Information

Divide Community Into Cells

In the acoustical and attitudinal surveys, the community was divided into

many different noise zones, each zone representing an acoustically homogeneous

]
area.

2 Now each type of noise zone must be broken down into its individual dis~

contiguous portions, called "cells" which are considered homogeneous in terms of land

use and population density as well as noise. Referring to Figure 3-2, complete the

.Mz wing three steps:

Step 1.

Step 2,

Define each discontiguous part of a noise zone as o separate cell. Each
noise zone is originally composed of a number of separate parts; therefore

consider each unconnected part es o separate cell.

(@) Identify all locations in the community where barriers would be per=~
mitted for noise reduction purposes. Include all sections of well-traveled
highways, major roadways, and railroad lines which have routes near
residences and which would cause minimal aasthetic or commercial dis-
ruption if barrlers were built alongside them. Potential barriers should
only be identified for the side or sides of the roadway or track where

residances are locoted,

(b) After identifying all potential barrier locations, define the area bene-

fited by euch barrier as a separate cell. With one exception, the benefited

3-17
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Zone Boundary

TP Cell Boundary -—
Roadway
Railread
......... Barrier —
g
E
=
RR,
F
£
s
1=
i=
iz
1=
=
=
iz
=
=
i<
I
Special Zone
KEY
Symbol Noise Zone Ngl;”:f Symbol Nolse Zone Né;| IC:F
AA Airport Zone A 1 RA Major Roadway A 4
AB Alrport Zone B 1 RB Major Roodway 8 6
c Commerciol 3 RVH Very High Density Residenticl 1
H Highway 3 RH High Denslty Residential 1
! Industrial 1 RM Medium Density Residential 3
MRL Minor Readway (Low Volume) 2 RL Low Density Residential 5
MRH { Minor Roadway (High Valume) } RR Railroad 2
s Stationary Source !

Note: In this figure, many cell boundaries are also
dafined by zone boundaries.,

Figure 3-2, lHustrative Example of Community Noise Zones Divided Into Cells (subscripts
indicate cell number). Note: Cell symbols are for this example only and are

not designed to be consistent with the actual recommendad symbols defined in

References 2 and 26.
3-18




nvsvy ALY LIIT

snaw

Step 3.

Step 4.

Step 5.

area may be assumed to extend perpendicularly from the outer edges of the
barrier to the edge of the noise zone, as shown in Figure 3-2. The exception
is that if a barrier is being considered for a Major Roadway zone, then the
benefited area extends though Major Roadway Zone A to the edge of Major
Roadway Zone B, as shown for cells RAI, RB] ' RA2, and RB2 in Figure 3=-2.

If any “"Special Zone" has been defined in the acoustical and attitudinal
surveys, identify this area as a separate cell. In Figure 3-2, the Special
Zone is wholly contained within the Low Density Residential Zone; therefore
it is considered to be one of the Low Density Residential cells (RLS)'

Identify any schools or hospitals in each noise zone In the community
which should be considered as separate cells. This is done to account for the

different sensitivity of these areas to noise from that found in the general noise

zone (see Table 1-1 and Section 3.3.4).

Overlay the cell division map on a census tract map (described in Section
3.3.2 below) and divide any of the cells which fall into two or more census

tracts into separate cells so thet no cell crosses census tract boundary lines.

After these steps have been completed, give each cell in eoch zone a number,

as shown in Figure 3=2. These numbers will be used by the noise optimization model to

identify the input dota required for eoch cell as described in Table 4=1 in the next

chapter. The preparotion of this input data is discussed next.

3.3.2

Estimate Cell Populations

Estimate the populations of each cell for the target year by following the steps

below. If the acoustical survey was performed in the community, Steps 1 through 5 may
already have been completed, They are described here to clarify the succeeding steps.,

Step 1. Collect Census Data and Estimate Census Tract Areas

The Bureaw of the Census publishes a Block Statistics package for each

urbanized area with cities of greater than 50,000 population (U.S. Bureau of the
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Census, Census of Housing: 1970, Block Statistics, Report HC (3)). Each “package™
contains a set of maps which show the boundaries of all census tracts for the area. Census
tracts are small subdivisions into which large cities and metropolitan areas are divided for
statistical purposes. Boundaries of these subdivisions are generally designed to achieve
some uniformity of population characteristics, economic status, and living conditions. A
typical census tract has o population of 3000 to 7000 and, for cities, an area of 1 to 2
square miles (2= 1/2 to 5 square kilometers, Note: The primary measurement units in

this section will be English, since census maps are marked in English dimensions).

Obtain the Block Statistics package for the urbanized area which includes the community

under consideraotion. One source is: Superintendent of Documents, U.5. Government

Printing Office, Washington, D.C., 20402,

The census tract map or mops which include the community under consideration
can be found using an index which accompanies the Block Statistics package. Estimate
the area from each census tract which is wholly or partially within the community's
boundaries using the pppropriate maps.

In the case of Alexandria, Virginia, the desired census dota are contained in
"Washington, D.C. - Md, - Va. Urbanized Area Block Statistics, " (Report HC (3)-44).
The index to the detatled maps in this statistics package, illustroted in Figure 3-3, shows
that Map 18 includes the entire town of Alexandria. A section of Map 18 is shown in
Figure 3-4. The area of each census tract can be estimated by applying simple geometric
techniques as shown in Figure 3-4. As shown in the figure, the area of census tract

2006 is approximately 0.9 square miles (2,3 square km).

Step 2. Find the Population of Each Census Tract

The 1970 population of each census tract is supplied in the Block Statistics

volume accompanying the statistics package. If they are known, values for more recent

years can be substituted to allow use of more accurate estimates of the impacted population.

As shown in Figure 3-5, according to the 1970 census data, the population of tract 2006
il lustrated is 5,050,
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Area of Census Tract # 2006

A=~ X1 ° ¥yt xg " yp = .9 square miles (2.3 square km)

Section of Alexandria, Virginia Showing Computation of

Figure 3-4.
Approximate Arca of a Typical Census Tract
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Step 3. Computer the Average Population Dersity for Each Tract

Simply divide the population figures for each fract found in Step 2 by the —
associated area values estimated in Step 1. Thus, for the preceding example, the
population density of sample tract 2006 is 5050 + 0.9 = 5610 people per square mile .
(or 2170 people per square kilometer), Note that this population density is intention=
ally based on the entire census tract area, including the area occupied by streets or

other nonresidential land.

Step 4. Estimore the Land Area of Each Cell

In order to find the population contained within each cell of a given type of
noise zone, its area must be estimated. This is accomplished in the following woys
depending on the type of noise zone the cell lies in. It will be helpful at this point to

refer to Figure 3-2.

Highway Noise —  Multiply the length of each highway noise zone seg- -
Zone Cells . . .
ment in each census tract by twice the zone width.

(The zone width is measured from the center of the —~
roadway.) For those highways which form tract boun-

daries, multiply each segment by only one zone width.

Major and Minor =  Multiply the length of each noise zone segment in

Roadway Noise

Zone Cells each tract by twice the zone width., Note that, for

major roadways with over 36,000 Average Daily
Traffic, the area of o second zone (Major Roadway Zone)
also must be computed. Again, use only a single roadway

width if the road forms a tract boundary.

Railroad Noise =  Multiply the length of the railroad line in each tract

Zone Cells by twice the zone width.
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Residential, - At this point, subtract the highway, roadway and
C i .

ommerc al el railroad cell areas from the total tract area to obtain
Industrial, Airport,
and Stationary the combined area of the remaining residential, com-
Source Noise

Zone Cells mercial or industrial, airport {A + B) and stationary
source noise zone cells, Estimate the area of each of
these remaining individual cells for each noise zone

type using the previously established cell boundaries.

Step 5. Compute the Resident Population of Each Cell and Noijse Zone

To compute the resident population of each cell, multiply the cell area (in

square miles) by the density (per square mile) for *:a corresponding census tract which
contains the cell. To obtain the total resident population for each noise zone, add the

populations of all the cells contained in that zone. See Figure 3-6 for an illustration of

this process.

Example
For the example based on @ population density of 5,610 people per square mile
(2,170 people per square kilometer), the hypothetical results for all the cells in census

tract 2006 are as follows:

Noi 2Area 2 Traiegs::si? Population
oise Zone Cell m (km") People/mi by Cell
Major Roadway A RA,  0.06 (.16) 5,610 337
Major Roadwey B RS, 0.06 (.18) 337
High Volume Minor Roadway MRHI 0.01 (.026) 56
Railread RRI 0.04 (.10) 224
Industrial I.' 0.30 (.78) 1,683
Medium Density Residential RMI 0.43 (1.11) 5,610 2,413
Total 0.90 (2.34) 5,050

The results, as above, would be summed over all census tracts to obtain resident

population totals for each type of noise zone.
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Step 6. Separate Cells into Residential and Nonresidential Categories

Examine the map of noise zones and cells which you have drawn and, com-

poring it with o land use map of the community, compile two lists:

1. A list of all cells which are primarily residential in land use.

2. A list of all cells which are primarily nonresidential in land use

(i.e., this list includes all calls not in list 1 above).

In the example in Step 5, let us hypothesize that cells RB,, MRH, , and RM, were

residential and that cells RAI’ ll’ and RR, were nonresidential,

Step 7. Compute the Daytime and Nighttime Population of Each Cell

Estimate the actual population of each cell for the doytime and nighttime
separately by using the following expressions:

Residential:
PD'_ = .6 (Ri) + .1 (Fr. . PNRT)

PNr = .99 (Ri) + 0% (Fr. . PNRT)

Nonresidential:

PDnri = ,9 (Ri) + .4 (F"ri * PRy)
PNmi = .99 (Ri) +.01 (Fmi . PRT)
where:
PDr. is the daytime population for the i’h residentiol cell
[
PNr. is the nighttime population for the i'h residential cell
i
PDnr. is the daytime population for the ith nonresidential cell
i
PNnr. is the nighttime population for the i'h nonresidential cell
i
and,
3-27
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Ri is the population for the irh cell in o given tract (either residential or -
nonresidential) obtained in Step 5.
Fr is the fraction of the total residential land arec of the ith residential cell
i -
Fm_ is the fraction of the nonresidential land area of the ith nonresidential cell
i ~
PNR, s the total nonresidential population in the community under consideration
Pep s the total residential population in the community. o
Computer the total population for residential and nonresidential areas for use in .
the expressions above. Also compute the total land area for residential ond nonresidential
areas. Based on the preceding example, this would be done as follows (Note ~ English _
units used for illustration):
Total Residential Population - 337+ 56+2413 = 2804 -
Total Nonresidential Population = 337 + 1683 + 224 = 2244 '
Toral Residential Land Area - .06+ .01+ .43 = 0.5sq. miles -
Tota! Nonresidential Land Area = .06+ .3+ .04 = .4:q miles
—
Now, assign each cell the fraction of the total residential or nonresidential area
it contributes, as follows: _
. .
For Residential Cells _:_;_
RB1 - 06~ 0.5 = 0.12
MRH, ~ .01+ 0.5 = 0.02 B
RM, -~ .43+ 0.5 = 0.86
1.00
F T
For Nonresidential Cells nr -
RA] - .06~ 0.4 = 0,15
I] - 0.3+ 0.4 = 0,75
RR] - 042 0.4 = 0.1
1.00
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Applying the population formulae to our continuing example, we have

Residential Cells:

Cell Daytime Nighttime

RB] .6 (337) +.1(.12 - 2244) = 229 .99 (337) +.01(.12 .2244)= 336
MRH‘ L6 (56) +,1(.02 - 2244)= 38 .99 (56) +.01{.02 .2244)= 56
RM, L642413) + .1 (.86 - 2244) = 1641 | .99 (2413) + .01 (.86 - 2244) = 2408
Nonresidential Cells:

RA, .9(337) +.4(.15-2806) = 472 | .99(337) +.01(.15-2806) = 338
I.l .9 (1683) + .4 (.75 - 2806) =2356 .99 (1683) + .01 {.75 - 2806) = 1687
RR, .9(224) +.4(.1+2806) = 314 .99 (224) +.01(.1 - 2806) = 225

Do not be concerned that each cell will be overrepresented with respect to its

population; the optimization model considers the day and night cells for the time period
for which each is defined, 15/24 of the day, and 9/24 of the day, respectively. The

Noizop computer program does this automatically,

To gain further understanding of the above procedure, consider the following.

The sum of the resident populations of each cell {from the census tracts) is 5050,

Additional sums from the preceding chart are as follows:

Daytime Nighttime
Residential 1208 2800
MNonresidential 3142 2250
Totals 5050 5050
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All we have done is to toke the actuel population of the community and
redistribute the population according to estimates of locational and activity cycles of

people.B This redistribution was performed separately for day and night,

For those separate cells identified as schools or hospitals, estimate the doy-
time and nighttime populations from school enrollment and staff and patient counts,

Nighttime populations for schools are assumed to be zero.

Step 8. Adjust Populations for Target Year

Estimate the average annual growth rate r, in percent, for the community
expacted between now and the target yeor based on racent community popuiation trends,

Labe! the number of years betwean now and the target year "y." Compute the expected

populations in the target year by using the following expression:

=p  (1+¢/100)Y
curr

exp
where:
Pexp is the expected population, ond
curr 18 the current population.

If the community had an averoge annual population growth rate of 4 percent,

then, assuming o target year 5 years in the future, the target year population for cell

RB] would be
Daytime P = 229 (1 + .04)° = 279
exp

. Lt - 5 _
Nighttime Pexp = 336 (1 + .04)" = 409
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3.3.3 Establish Baseline Noise Levels

The noise levels from each mojor nolse source in each of the cells must now be
prepared for input into Noizop. These noise levels are those which would be expected in the
target year if no abatement measures were implemented, If there is no information to
indicate the contrary, assume that the noise levels measured in the acoustical survey
are the same as those In the target year. If it is desired to modify the baseline noise
levels to reflect those in the target year, consult Section 2,8 of the Noizop User's

3
Guide (data foctoring facility).

The computerized data reduction analysis of the acoustical survey provides
two important outputs which must be input into Noizop: (1) the day and night sound
levels (Ld and Ln) of each source; and (2) the attitudinal adjustments {if any) to be
applied to these levels. The first output, average noise levels, was illustrated earlier
. in Figure 2-4. Using the data collected from the procedure described in Section 2.4,
assign these zone-averaged levels to each cell in the noise zone. As a result, all eells in
a given zone will have the same noise levels. The only difference between cells in o
zone will be their population, land use, and land area (used to estimate building floor area

for sound insulation). The mechcnics of physically entering the noise levels into the

computer model is described In the Noizop User's Gulde.3

. There is one exception to this procedure of assigning noise levels to cells. If
a Special Noise Zone has been defined in the ocoustical survey, separate noise leve!
information will be available for that zone, and should be used instead of the zone-wide
average levels, Each Special Noise Zone is a separate cell as for as the strategy

analysis is concerned and therefore, in this case, the noise levels defined for Noizop

for this cell will be different then other cells in the same zone.

3.3.4 Apply "Attitude Adjustment Factors” to Baseline Noise Levels for Each Source

The second output of the acoustical data redvction invelves attifudinal adjust-

ments to the source noise levels.%® When necessary, attitudinal adjustments are applied

ST TR TR WENY VMWW AWkl
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to the noise levels of those sources which cause particularly strong attitudinal
responses in the community. This ensures that noise sources which are of particular
concern in the community receive extra attention in the set of noise abatement
measures ultimately chosen by the optimization model. The attitudinal adjustments
are based on the correlation between community noise levels and attitudes, using

data obtained in the attitudinal and ccoustical surveys.

It is important to note that the output of adjustment factors from the com-
puterized datae reduction of the acoustical survey will be available only if the atti-
tudinal date was available at the time the computer processing of the acoustical data
was perFormed.26 If these adjustment facters are not available, the following general
procedure (which parallels the computer calculations) should be followed. The
procedure develops "attitudinal adjustment factors” from a simple semi-empirical
enalysis of the deviation between noise level versus annoyance relationships for specific

sources and the same relationship for all sources combined.

Step 1. Assemble Acoustical and Attitudinal Data

The data to be assembled in this step are the noise levels (Ldn) for each

source in each noise zone and the percent of people who reported being highly
annoyed or cbove for each source in each zone. These data were previously acquired

in Sections 2.3 and 2.4 of this menual.

Step 2. Determine the Relationship Between the Acoustical and Attitudinal Data

Compute a linear regression line for percent annoyed versus day=night sound
level using each individua! data point collected in Step 1. An illustration of a plot
of such data is shown in Figure 3-7 whete all sources are plotted but motorcycles and

railroads are given differant symbols for this example.
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Figure 3-7. Hypothetical Plot of Acoustical and Attitudinal Data for Caleulation
of Attitudinal Adjustment Factors (olse shown is the resultant

regression line)

If the slope of the resultant regression line is greater than 10., a new
regression line should be calculated with the slope forced to 10. . If the slope of the
resultant regression line is less than 2., a new regression line should be calculated with
the slope forced to 2, . Figure 3-8 presents a flow of the computer output that results
from this procedure. In the example in Figure 3-8B@), the slope was initially too small

and forced to be equal to 2.

Next, calculate the horizontal distance (or deviation in Ldn) from each data

point to the regression line. Compute the standard deviation of these distances for all

data points together (bottom of Figure 3~8(a)). Also, for each source separately,

calculate the arithmetic average of these deviations from the regression line. See

Figure 3=8(k),
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Figure 3~8. Example Flow of Computer Output for Caleulating Attitudinal Adjustment
Factors. (o) Results of initial linear regression, (b) Tabulation of distances
{or deviations}from regression line for each source, (c) Results of second
linear regrassion using qualifying sources, (d} Tobulotion of parameters
used in the finol computation of the factors, Ses Figure 3-9 for a fist of

the final attitudinal adjustment factors for this example.
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Compare this average deviation for each source to the standard deviation for
all data points together. Let this latter standard devistion value act as a criteria limit
for the average deviation from the regression line., Note which sources have an average
deviation, either positive or negative, which is greater than this standard deviation
criterion. The "criterion indicator” in Figure 3-8(b) indicates (with a "1") which of
these hypothetical sources exceeded this criteria. In Figure 3-7, the motorcycle source
would be so noted since the average deviation for these data points is clearly larger
than the one standard deviation indicated. The roilroad source would not be so noted

since the average deviation for that source is clearly within the one standard deviation
criterion limit.

Step 3. Compute Refined Relationship Between Source Noise Level and Annoyance

Compute a new regression line using the data points from the noise sources
which have average deviations less than the one standard deviation criteria celculated

in Step 2. These will be identified as "qualifying" data points.

Again, verify that the slope of the new regression line is between 2, and 10.
(See Figure 3-8(c)). This new line is calculated to ensure that the relationship

between percent annoyed and Ldn is bosed on noise sources having average or standard

annoyance responses.

Recalculate the standard deviation (call it o T) of the difference, in Ldn’
between the "qualifying" data points that formed the new regression line and this new
regression line. Alse recalculate the arithmetic average deviation, in Ldn' from the
regression line to the data points for each noise source separately. Also, for each
source separafely, calculote the standard deviation of these differences between each
data point and the regression line. To summorize, at this point, we should have the

following information,

1.  Standard deviation (UT) of the differences in Ldn between the qualifying
points and the naw regression line, and the total nunber (N) of data points
that comprised the regression line, In Figure 3-8(c), o equals 6.964 dB
and N equals 67.
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2. A tobulation of the standard deviations {call them o, ) of the diffar-
ences, in L n betwean each data point and the new regression line
for each source separately (column 4 of Figure 3-8(d)) and the number
(ni) of such dato points for each source (column 5 of Figure 3-8(d)).

Note that 2:‘ n, will always be equal to or greater than N.

3. A tobulation of the arithmetic average difference, in L o between

each deta point and the new regression line (column 3 of Figure 3-B(d)).

Step 4. Compute Significance Criteria

Using the data in items 1. and 2. in Step 3, compute the following significance

criteria (SCi) for each nolse source (column 5 of Figure 3-8(d)).9

SCi = 1,282 o

This expression tests for o significance {at the 10 percent level) in the difference between
two means. If the average difference for a source (item 3, Step 3) is greater in absolute
magnitude than the significance criteria for that source, then the overage difference
becomes the nominel attitudinol adjustment factor. This foctor should be limited to a
maximum value of +10 dB. Figure 3=9 iflustrates the final adjustment factars using the
example of Figure 3-8, Note that the source numbers of Figures 3-8 and 3+9 correspond
to the sources listed in Figure 2-4 from the acoustical survey. The adjustment factors
listed in Figure 3-9 are intentionally shown exactly as they were computed for the
example. In practice, it would often be prudent to round these adjustment factors, af

least to the nearest decibel, if not ro the nearest 5 decibels.

There are three situations for which no attitudinal adjustment factors should
be coleculated:

1.  There are less than five noise sources overall,

2. Four or more sources were noted as fatling the initia! criteria in the

last paragraph of Step 2.
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ATTITUDINAL ADJUSTMENT FACTORS
{TO BE SUBTRACTED FROM SOURCE LEVELS)
SOURCE W~NO, ADJUSTMENT, DB
1. 2ad
- 1.3
3. «0
4, -4, 9
S. -7.4
b, «0
7. «0
8, o0
9. .0
10, 4,0
11. -10,0
12, «0
13, » 0
14, 3.1
15. .0
lo, .0
17. -j0.0
18. 0
19. o0
20, «0

Factors,
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3.  There are less than 10 sources overall and three failed the initial
criteria in the last paragraph of Step 2.
The final attitudinal adjustment foctors should be input inte Noizop (see

Appendix A.2.1). The optimization analysis will then be performed on the basis of

noise levels corrected with these adjustment factors to more accurately reflect com-

munily attitudes toward specific noise sources,

3.3.5 Prepare land Use Information

For each cell, determine its primary land use from the list of land uses given
in Table 3-6. As shown in the table, each land use has en associoted code, Ecch

cell is assigned the appropriate code, and this information is provided to Noizop along

with the other cell data described in Section 3. 3.

Table 3~6

Land Use Codes to be Used for Each Cell
Primory Land Use in the Cell Internal Land Use Code in Noizop
Low Density Residential 1
High Density Residential 4
Commercial 5
Industrial 8
Schools 10
Hospitals and Nursing Homes 12

To determine which code should be assigned to a cell, find the proportion of
the cell devoted to each land use. Choose the land use to which the majority of the
cell is devoted. The only two differences between land uses, as for as the optimization
model is concerned, are (1) the noise levels at which adverse community response is
assumed to begin; and (2) the levels at which it reaches 100 percent. These noise levels
wer~ shown for each land use category in Table 1-1, page 1-7, The 100 percent response
levels are, in all cases, assumad to be 20 dB above the zero response levels. Different

moximum and minimum impact levels are defined for both daytime and nighttime hours.
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After a land use code has been essigned to each cell, estimate the floor area
of the buildings in each cell, This Information must be obtaired so that estimates can

be mode later of the cost of relocating the businesses and people in a cell where the

impact from noise is very great,

3.4 Estimate Costs and Noise Reductions of Alternatives

In this section, you will estimate the costs and noise reduction capability of
the alternatives chosen for analysis previously in Section 3.1. Methods of making these

estimates are described for eoch alternative. To proceed through this section, follow

these five steps: '

Step 1. Define the specific details of each selected alternative. {These defined
measures are called “countermeasures, ")

Step 2. Proceed to the discussion of each selected alternative in this section.

Step 3. Estimate the costs of each countermeasure.

Step 4. Estimate the noise reduction resulting from each countermeasure.

‘ Step 5. Establish cost functions for each countermeasure by pairing the costs with

associated noise reductions.

Once these five steps are completed, you will have enough data to operate the cost-

effectiveness program Noizop. Each step is discussed briefly below.

Step 1. Define the Specific Details of Each Selected Alternative

A number of applicable alternatives were selected in Section 3.1. Now
resolve the details of each as they would be applied to your community, For noise
standards, for instance, select one or more possible regulation levels and decide whether

these levels are to be in effect under typical maximum noise level operating conditions.

Also, determine whether the costs involved in administering and enforcing the regulation
will come entirely from municipa!l funds or whether federal or state assistance is availoble,
For time restrictions, decide which time periods will be restricted. For o retrofit equip-

ment siondard, develop the specifications which must be met by replacement parts.
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These definitions can be somewhat tentative and initially imprecise. However,
they will become more specific as the discussion of costs and noise reduction capabilities

of each alternative points out what further information is required. From now on, every

specific clternative so defined will be colled o "countermeasure.” Note that there may
be two countermeasures under one alternative if two noise sources are involved. For
instance, if o time restriction alternative is recommended for both jet aircraft and
domestic equipment, two different specifications will need to be drawn up defining the
two different countermeasures. On the other hand, if the same noise standard is
recommended for both automobiles and trucks, only one countermeasure needs to be
defined since only one set of specifications is required. A more detailed discussion of

how to define countermeasures is given in the Noizop User's ('5uide3 and in Appendix A,

Stap 2.  Proceed to the Discussion of Each Selected Alternative in this Section

The cosks and neise reduction capabilities of the 19 alternatives listed in

“Table 3-1, page 3~2, ore discussed in separate sections below, For each recommended

alternative, go to the appropriate section and follow the procedures described there,

Step.3.  Estimate the Cosks of Each Countermeasure

The cost of a measure is only defined to include all "primary" costs which are
incurred, whether these are by the government, citizens, industry, or other groups.
“Primary costs" are defined, for the purposes of this manual, as follows:

1.  In cases where there is only one financial transaction, primary costs

are those incurred by the paying party,

2,  In caoses where costs are passed on from one party to another, primary
costs are those incurred by the party who cannot pass on the costs any
further without substantial diminution of the costs.

Any revenues which may result from © noise abatement measure follow the same

rules. As an exomple of a one-time financial transaction, consider the construction of
o noise barrier alongside @ highway; the government pays (i.e., o primary cost) to build
the barrier. Construction workers involved in the project may spend their increased

ravenue from the government on items which lead to increased employment, industrial
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expansion, and more revenues for the local government; however, these are not primary
costs or revenues as defined by the rules above, and therefore they are not considered

in this manual. On the other hand, o vehicle regulation may cause Increased manufacturing
costs which are directly passed on to the consumer. The costs of the abatement measure

are then the costs which the consumer has to pay.

Under the discussion of each alternative in succeeding sections, costs are
first described, then noise reductions. Costs are identified as to whether they are
incurred by local governments, by other parties, or both. For each countermeasure which
is to be evaluated, first find the total cost of the countermeasure. This cost represents
the entire cost to society, and is the main cost input for Noizop. Next, find the fraction
of this cost which would be incurred by the local governments. This is a second cost input
for Noizop.

A list of both types of cost components is given in Table 3-7, showing their
symbolic notation and meaning as used in this manual. Table 3-8 shows which components
are required to estimate costs for each alternative. Gaother information on each of the
components which are required for the alternatives selected for analysis. Table 3-9 provides
default cost values for some components, which may be used only if local data ore not

available. These default values are strictly valid for 1977 only.

The relationship between the total societal cost of o countermeasure and its
associated noise reduction is called o "cost function." Some cost functions only involve
a single discrete step. For example, a harrier is either built or it isn't. In other cost
functions, the costs increase monotonically ond continuously as the desired noise reduction
increases. For the step cost functions, only three numbers need to be determined: (1) the
cost; (2) the fraction of the cost incurred by the city; and (3} the noise reduction. For
the continuous cost function, a number of cost/noise reduction pairs must be defined.
As many as seven segments of the cost curve may be defined; therefore, as many as eight

pairs of cost/noise reduction values may be input to Noizop to define a continuous cost
function. 1t is recommended that the user define as many segments as practical to

occurately portray the real cost/noise reduction relationship. In practice, usually three

to four segments (four to five cost/noise raduction pairs) are sufficient to dafine most

continuous cost functions.
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Table 3-7
Meaning and Symbols of Countermeasure Cost Components
Symbol Meening Symbol Meaning
A Floor area of buildings in each noise reduction MA/E Number of man-menths required for adminis-
category {squere meters} tration and enforcement {per year)
B Number of non-conforming building: aver MM Number of men-months required for
50 years old in areas to be zoned maintenance {per year)
CA Cost 1o operator of altering eguipment P Number of commerciol properties affected
(per piece)
] Number of medified pieces of equipment
CB“ Cost of barrjer (per linear meter) .
R Annwal municipal income and sales tox
Cc‘ Cost to confarm to code (per square meter) revenues :
CD Cost of demalition P.c Change in revenues due lo tax progrom
CE‘ Cost of employee (per month) SE Sales lost due to elimination of operation
Cl. Cost to insvlate {per squore meter) SP Net monthly seles for commercial properties
acquired (12-month overage )
CL Cost ta operator of additional labor ond
administration SR Sales during restricted hours (per year)
Cia Cost of medic and moterials SS Sales expected to shift to non-restricted hours
(per year)
CO Additional cost of operarting equipment
{per piece) H Property tox tote for each property class
Cp Cost to relocate (per bullding) U Number of undeveloped lots in oreas to be
zohed
Cs* Cost due to delays in schedule
VA Average assessed value of property
CT Cost of training operators
VL/P Rotio of lond value to property value
D* Discount Facor
VR‘ Property value reduction due to aircraft
E Number of employees in city flyovers {per household)
ER Reduction of employees (man-yenrs) W Whalesale price Index for industrial
commodities
F+ Fuel savings (per square meter)
X Consumer price index for home-ownership
H Number of households affected
Y Remaining physical [ife of impacted buildings
L Length of barrier {meton) (years)

*
Unit costs provided in this mnual,
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Table 3-8

Cost Components of Each Alternative

Altermative

Cost Components”

Operationa| Restrictions

Noise Standard
Operational Controls
Area Restrictions
Time Restrictions

Permits

Lond Use Restrictions

Barriers

Building Insulation
Compensation
Population Relocation
Planning/Zoning

Building Codes

Tax Measures
Tox lncentives

Tax Pemalty

New Product Regulations

Noise Standard

labeling

Equipment Standard

Malnternonce

Retrofit

Other Alternatives

Education .

Complaint Mechanizms’

CA' CE, CO’ CL, CT, D, MA/E' Q

C CL' CO’ CS’ CT' D, MA/E' Q, W

El
Cpr Cor O Mape @
Cpr s Cr O Bu Epe Mg R Spr Sg0 W

€ €1 Cgr Di My S¢

Cyr Cpr Do L Myspr My W
A, Cgi Cpr Dy Fu Mg spe X

Cpo Dr He Mpspr Vo ¥

Coe Cpr Cpr Ds Ho My P, Sp 1o Yy pVa
Voo B Cpr €D Myser T, U
A Cer Cge D, Fo Myjer X

Cpr D Mpser Re

CA’ CE’ D, MA/E' Q, Rc

CA, CE‘ CL' Car CT' D, MA/E.' Q

€, Cpr Lo O Magr @

Al’

CA' CE’ D, MA/E' Q
CA' CE' D, MA/E' Q

CE' CM' D, MA/E
CE; D; MN¢E

e R e st L e

*
Symbols defined in Table 3-7.
** Addivional costs moy be incurred depanding

on exact form of the atternative.
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Table 3-9

Default Cost Values for Selected Cost Components

Symbol Cost Component Value (in 1977 Dollars)
CB Cost of barriers per linear meter See Table 3-13 (p. 3-70)
CC Cost to conform to building code Sce Table 3-18 (p. 3-86) =
CE Cost of employee, per month $2500
o Cost of insulation See Table 3-16 (p. 3-76) -
Cs Cost of delays in schedule See Table 3-12  (p. 3-58) =
D Discount factor See Table 3-10 (p. 3-46)
F Fuel savings due to insulation See Table 3-15 (p. 3-76) -
VR Property V-CIIUE reduction due to 5 to 20% of original property w:nlu:a10 R
frequent aircraft flyovers '

Under the discussion of each alternative, it is indicated whether the cost function
has discrete steps or is continuous. Barriers, building insulation, and stationary source noise
reduction are examples of single step cost functions, Regulatory measures, whose effective-
ness increases proportional to the strictness of the regulation, exemplify continuous cost
functions, For step functions, merely find the cost of the countermeasure and the fraction
incurred by the city occording to the relationship provided. For continuous functions,
estimate the costs and city fractions for three to four levels of strictness (cost function
segments) for each countermeosure. For instance, estimate the costs of establishing an
operational noise limit on trucks 1 year from now for regulotory levels of 83 dB, 80 dB,
ond 75 dB. Llater, in Step 4, estimate the overall noise reduction to the fleet of trucks
which would oceur in the torget year if these limits were established, and pair these

values in Step 5, thereby defining o "continuous" cost function. The cost-effectiveness
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model will choose an optimal amount of money to spend on this measure by considering
the relative costs and noise reduction copabilities of all countermeasures defined. If it
chooses a cost which lies between the exact costs identified for a given countermeasure
strictness — say, a cost that lies between the costs of an 83 dB noise limit end an 80 dB

limit — then this implies that an intermediate limit should be established for the most
cost-effective results.

OCnly one velue of the cost fraction attributed to the city can be specified for
each countermeasure; so if the city fraction is found to vary with the level of counter-

measure strictness, use an average value of the fractions as the input to Noizop.

Costs incurred immediately are more significant than costs incurred in later
years because of lost interest opportunity, which is the cost involved in the use of
money . Some method must therefore be used to adjust cost figures on the basis of the

year in which they occur. The process used in this manual is referred to as discounting.

A representative discount rate of 10 percent is chosen for this manual.

The current value of money is called its present value (PV). Present value is
the sum of anticipated future cash outflows (or inflows) discounted back to @ chosen
base date at the appropriate interest rate. Costs which occur during each year can be
discounted using the factors in Table 3-10. For example, a $1000 expense incurred
5 years from now is considered to be equivalent to a $621 expense incurred today.
Factors can be added for identical recurring costs; e.g., if administrative costs are
$20 thousand per year for 5 years, the present value can be calculated as follows:

(§20, 000) x (1.000 + 909 + .826 + .751 + .683) = $83,380. Therefore, if the choice
is between a one-time investment which costs $100 thousand during the first year and an
option which costs $20 thousand per year far 5 years, the winner (baosed on cost only)

becomes readily apparent with this simple but eccurate enalysis.
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Toble 3-10
Factors for Calculating Present Value n
of Costs Based on a 10 Percent Discount Rate
Number of Years Until Discount
Cost is Incurred Factor*
0 1,000
1 .909
2 .826
3 .751
4 . 683
5 .621]
6 .564
7 .513
8 LAS7
9 424
10 .386
11 .350
12 .319
13 .290
14 .263
15 .239
16 .218
17 .198
18 .180
19 164
20 . 149
25 092
30 .057

30 E

and r = discount rate (10 percent)

PV(E) = Z -(]—_{_-T_-),. where E = expenditure, 1978 as t=0, 1980 as t=2, etc.,
=]
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With the advent of electronic pocket calculators, the use of a mathematical
formula may be more convenient. The present value, PV, of an expense, E, incurred

t years from now is;

E

PV = -
(1+r)

where r is the discount rate (0.10 for 10 percent). If Et is the expense in the rth year,

the present value of the sum sequence of yearly expenses is equal to:

N E,
PV=Z -
=0 (1 *+0)

where t starts with zero; i.e., current expenses are included at full value, If Et is
constant ond equal to E {does not change for all yecrs), then the formula for the sum

of a geometric series simplifies computation:

1 N-+1
pv = 228
T-q
where g = ! . Again, because t is allowed to start at zero, E is incurred N+1 times.
T +r

In most cases, the annual cost of o given item, such as the cost of a new city
noise enforcement officer; is incurred over many years. Using the present value analysis,
any costs after about 30 years contribute a negligible amount to the total cost. Even if
annual costs are incurred out to infinity, the total cost remains finite. To illustrate this
concept, set N = a in the equation just above and set the discount rate, r, equal to

10 percent. Then,
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In other words, the total cost of an item which costs the city E dollars every year is
11times E, In the equations provided below, this factor of 11 is used for each cost
component which is incurred annually. In addition to this factor, aennual costs are
also multiplied by a discount factor, D, corresponding to the number of years from now

when the annual costs begin. These discount factors were listed earlier in Table 3-10.

Costs which are incurred only once, such os the cost of building o noise barrier,
are also multiplied by a discount factor corresponding to the number of years from today

when the cost occurs.

Some of the costs discussed in this manual (e.g., sound insulation, barriers)
were thoroughly analyzed in previous studies. Therefore, it should be unnecessory for
the city to redevelop detailed cost analyses of these particulor cost elements. However,
it will be necessary to adjust costs for the impact of inflation, This can be accomplished
most directly by the use of consumer and wholesale price indices published monthly in the
Federal Reserve Bulletin for various commodities, For example, suppose a 1972 study
determined that a barrier 15 feet high costs $50 (1972 dollars) per linear foot. The
applicable wholesale price indices for industriol commodities are 117.9 for 1972 and
199.2 for 79?7.}2 The estimated 1977 costs are derived by dividing the 1977 index by
the 1972 index and multiplying the result by $50: (199.2/117.9) x ($50) = $84.48 (1977

dollars) per linear foot.

The development of continuvous cost functions implies that intermediate levels
of strictness will be considered for each option category; e.g., an airport curfew can be
imposed for various lengths of time, suchas 11 p.m. to 6 a.m., midnight to 5a.m., etc.
Therefore, the development of cost estimates will not generally be so straightforward as to
involve the caleulation of only one cost for a given option. The cost for a curfew from

midnight to 6 a.m, is not necessarily twice the cost of ¢ midnight to 3o.m. curfew.

Therefore, when data are available, it is advisable to analyze each level of
strictness separately. Where simplifications are desired or required due to lack of data,
however, linear approximations te cost functions can be considered adequate, To

derive linear cost functions, it is first necessary to calculate the cost of the most extreme
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case under consideration; e.g., an 8~hour airport curfew. Then to determine the costs
of intermediate options, assume that proportionate cost increases occur between the
"do-nothing" case and the most extreme case. For this example, a 6-hour curfew

would then be assumed to cost 25 percent less than the 8~hour curfew.

For the various countermeasures, there are both direct and indirect costs.
Direct costs are the costs for labor and material devoted specifically to a given counter-~
measure. Indirect costs are the cost which cannot be consistently identified with a
specific countermeasure. Such costs are joint in nature and can be apportioned to
different countermeasures only by a rough approximation. Examples include odministrative
and enforcement costs incurred by local planning departments, noise abatement offices,

building inspectors, legal personnel, police, etc.

For budgetary reasons, it is often desirable to present costs in current dollars.

Since this entails the forecasting of inflation in addition to the many other forecasts,

this would, by necessity, introduce another element of uncertainty into the analysis.

To avoid this, it is suggested that all cost data be calculated in constant dollars for «
base year, usually the one in which the analysis is performed. As discussed above, this
will require that past costs be updated for inflation so that they are expressed in constont
dollars for the base year. This adjustment is based on historical data provided by price
indices and does not involve the element of uncertainty associated with estimating future

inflation. The only adjustment to Future expenditures will involve present value analysis

discussed earlier.

Step 4. Estimate the Noise Reduction Resulting from Each Countermeasure

Mcking estimates of the noise reduction of countermeasures is, in some cases,
simpler, and in others, more complicated, than estimating countermeasure costs, For a
fixed noise reduction of a steady state stationary source such as an industrial plant, only
one number must be estimated — the actual decibel (Leq) reduction — whereas the costs
may include equipment costs, maintenance costs, regulation administration costs, etc.

On the other hand, to estimate the average noise reduction in the community due to the
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regulation of matorcycles, a number of complicated assumptions and manipulations are
involved. To assist in this task, a short computer program is provided in Appendix B to
this manual which computes the decibe! reduction (Leq fleet noise level) which results
from noise regulations on many individual sources of a given type, such os air conditioners
or automobiles. The program, originally intended to compute vehicle statistics, is called

VESTA. Reference is made to VESTA in many of the discussions below on noise reduction
estimates.

In each ease, the noise reduction estimated for each countermeasure is the
number of decibels by which the source Le is reduced in the community. It is assumed,

for most of the countermeasures, that a given noise reduction is applied equally to all

cells in the community where the source is found. For instance, if one countermeasure -
stipulates thot o new muffler is required on all cars which mokes each car 5 dB quieter,
then in a cell where the original daytime Leq from cars is 553 dB, the new daytime cor LE‘:| -
is 50 dB, and in a cell where the original level is 75 dB, the new level is 70 dB. This
of course does not apply to barriers. The noise reduction from a barrier is defined only -
fo lisse cells which are in close proximity to it.
e

Step 5. Establish Cost Functions for Each Countermeasure by Pairing the Costs with

Associated Noise Reductions -

As mentioned above, for discrete step cost functions, obtain only one cost/noise
reduction pair of values. For continuous cost functions, obtain a number of such pairs.

Then proceed to Chapter 4 and operate the cost-effectiveness program,

Individual discussions for each noise abatement alternative follow.

3.4.1 Noise Standard {Operational)

An operational noise standard establishes o limit on noise emissions of products N
or activities in the field, The limit may refer to levels measured at a reference distance '
from the source of noise, or it may refer to levels measured at the property line. I
requires administration and enforcement on the part of the city government and usually

involves some cost of compliance to owners or operators of the regulated product.

3-50




" RBTINY VY vl

-

whu

I3
-4

[

The arithmetic operations indicated below and in other sections should be

performed one step ot a time, beginning from the top to the bottom.

1.

i

b

Costs

A.

(@]

)

@

Annual costs to the City

Annual man-months required for administration/enforcement

Monthly employee cost
Discount factor for year when annual costs to city begin

Discount factor to account for continuous annual future funding

Total annual costs to the city

Annual Costs to Others

Additional annual cost (if any) of operating equipment, per piece
Number of pieces of modified equipment

Annual cost to operator of additional labor and administration
Discount factor for year when annual costs to operator bt.egin

Discount factor to account for continuous annual future funding

Total annual costs to others

One-Time Costs to Others

Cost to operator of altering equipment, per piece

Number of pieces of modified equipment

Cost (if any) to retrain operators of modified equipment
Discount factor for year when one-time costs to operator occur

Total one-time costs to others
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Total cost of countermeasure = @ + @ + @
Fraction of costs incurred by city = @ = (@ + @ + @)

2. Noise Reduction
A. Single Source

If a single source is being regulated, such as a power plant or a

community concert hall, take the following steps to find the noise reduction.

Step 1. Identify the Average Noise Levels Produced at Different Times of Day and
the Portion of Time Associated with Each Level

If a source of noise is either "on" or "off," determine the portion of time
spent in each mode and determine the average noise level (Le ) associated with each
mode. If there are intermediate modes of operation, such as "halfway on, " find the

levels and portions of time associated with these modes. The results of the acoustical

survey may be useful in identifying this data.

Step 2. Estimate the New Noise Levels for Each Mode of Operation Due to the Regulation

For instance, if a noise regulation specifies o maximum of 70 dB at the property
line near a rock quarry, drilling operations may be reduced from 73 to 48 dB, but truck
noise may remain at 65 dB. The noise reduction is then 5 dB for the period of time when

drilling takes place, but 0 dB for periods when trucks are operating.

Step 3. Find the Total Noise Reduction from the Following Expression:

A = | {original) - L {new)
L’i‘/w)

i

L/10
=10 Ir.»g.|0 };‘f; - 10 - 1010910(2 b 10
i
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where:
t; is the fraction of time spent in the ifh mode,
Lc; is the original average noise level (Leq) of the i' mode,
Lr; is the new average noise level (Leq) of the ifh mode.

Complete these steps for two different noise regulation levels — one strict, and one less

strict. The two noise reduction values obtained are the "maximum®™ and "minimum"

noise reductions required by Noizop for each stationary source.

B. Multiple Sources

Find the noise reduction of multiple noise sources such as construction
equipment, traffic vehicles, other vehicles, and domestic equipment, by

applying the procedure described below.

Obtain Mean and Standard Deviation Values of Present Noise Levels Produced

Sfep ]o
by the Noise Source Population Under Typical Operating Conditions

If data are available for your community, obtain noise levels of the source in question
in terms of the Le observed over o specified sompled time period at a reference distance. Com-~
bine these sampled levels into a histogram. For simplicity,. it may be assumed that the shape
of the histogram con be approximated by a Gaussian distribution curve. Fit such o curve as
closely as possible to the data, noting the mean ond standard deviation. If no community-
specific data is ot hand, use the default valves shown in Table 3-11.

Table 3-11
Default Values in dB To Ba Used in Estimating Present Noise Lavels of Selected Sources

Existing Population, Typical Operating Conditiens

Low Speed {Urban Street) High Speed (Highway}
Source Maean o* Maan a*
Trucks 85.0 3.7 85.5 3.5
Autos 65.0 3.7 75.0 3.5
Motoreycles 76.0 2.9 80.6 2.8

* ¢ = standard deviation
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Step 2. Establish Regulation Level(s)

To properly establish a cost function for the noise standard alternative, at
least two to three potential regulation levels must be quantified in terms of their costs
to implement and their effectiveness in reducing source noise levels. Once a number of
cost/effectiveness data points are defined and a curve is constructed, Noizop will
eventually select a point on the curve which is optimal with respect to all alternatives
being considered. This point may indicate a regulation level which lies between specified
data points, In order to ensure that the selected level does not lie outside the range of
the constructed cost/effectiveness curve, choose “potential” regulation levels at broad
intervals. For instance, if a regulation level of B1 dB is being considered for the source
whose noise level distribution is given in Figure 3-10, choose a regulation at 83 dB—
where only very little change in source neise levels would be effected, and a regulation

at 77 dB~ where substantial changes in noise levels would be expected to occur.

Step 3. Obtain Mean and Standard Deviation Values of Noise Levels Produced by that
Portion of the Source Population Which is Medified as a Result of the
Abaotement Measure

Figure 3-10 shows the manner in which the distribution of noise levels is
changed due to the establishment of an operational noise standard. A major portion of
the sources exceeding the standard are modified to comply. The modifications cause
various degrees of noise reductions for each individual vehicle, but overall, the newly
complying vehicles may be assumed again to be distributed in @ Gaussian distribution.
Estimate the mean and standard deviation of this new distribution for each "potential”
regulation. Also, estimate the fraction of the source population originally exceeding the
potential standard which is expected to be modified. This fraction depends on the level of
enforcement which local agencies can provide, and on the regulation noise level itself.
The greater the enforcement and the higher (less strict) the regulation level, the larger

the fraction of sources which might be expected to comply.

With these items of information, estimate the noise reduction obtained with
an operational noise standard by using the VESTA computer program. The program listing
and a discussion of the arrangement of input data and interpretation of the output listing

ore provided in Appendix B.
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3.4.2

Operational Controls

An operational control may consist of any one of @ number of different actions.

The following is a partial list (in approximate order of the noise source which is

primarily affected, as listed in Table 3-2).

Plant equipment operation specifications {for instance, not more
than three drop hammers may operate at once, or a steam valve

release shall only occur at less than o certain pressure}.

Idle operations control (for instance, air compressors shall not run
idle for longer than 2 hours at a construction site, or buses shall

not idle longer than 15 minutes at & bus stop).

Flight controls {for instance, aircraft shall approach an airport
with decelerating approach pattern.

Vehicle excessive speed control (such as a change from 80 to

64 kmh (50 to 40 mph).

Acceleration control (such as o prohibition against unnecessary
hot-rodding}.

Accessory equipment controls (for instance, sirens shall be operated

only when necessary).

For each of these types of actions, the cost components are somewhat similar;

noise reduction estimates, however, are different and require separate discussions.,

.'l

[E}

Costs

A.

11

@

Annuval Costs to the City

Annual man-months required for administration and enforcement

Monthly employee cost
Discount factor for year when annual costs to city begin

Discount factor to account for continuous annual future funding

Total annual costs to the city
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-~
_ B, Annual Costs to Others
' Co Additional cost of operating equipment, per piece
:—‘ Number of pieces of equipment for which new operating procedures
o x Q  are required
- + CL Cost to operator of additional labor and administration
- x D, Discount factor for year when annual costs to operator begin
' x 11 Discount foctor to account for continuous future funding
-
: = (:2 Total annual costs to others
(I
o c. One-~Time Costs o Others
. Cost due to defays in scheduling {example delays costs are shown
- CS in Table 3-12).*
x W Wholesale price index for industrial commodities*
ey
.» + CT Cost to retrain operators
. X D3 Discount factor for year when one~time costs to others occur
i » —— &
= (:2 Total one-time costs to others

e
§=y

Total Cost of Countermeasure = + +
@+® + ®
A .:'

Fraction of Costs Incurred by City = = + +
yCiy= @+(@ * ® * ©)
t1
f.;.!f
b4
Ly
tg

*Required, if the control pertains to construction noise, to update costs
(1% to current values (see Reference 12).
b
a1
'\w;
o 3-57
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Table 3-12

Cost of Delays in Construction Schedule (CS) 14

Estimated Dollar Cost (1977 Dollars)
of Delay in Schedule

Type of Development Low Medium High

$£30, 000 Home

Cost per day $ 14 $ 18 $ 22

Cost per month 443 570 686

Cost per year 5,322 6,838 8,234
%50, 000 Home

Cost per day 25 31 38

Cost per month 739 249 1,143

Cost per year 8,871 11,396 13,727
$300,000 Multi-family Development

Cost per day 145 185 224

Cost per month 4,694 5,666 6,831

Cost per year 52,836 67,988 81,974
$300, 000 Commercial Development

Cost per day 154 198 24

Cast per month 4,694 6,022 7,317

Cost per year 56,333 72,261 87,801
$300, 000 Industrial Development

Cost per day 146 188 225

Cost per month 4,435 5,730 6,864

Cost per year 53,225 48,765 82,362
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2.

Noise Reduction

Operational controls applied to a single noise source, such as an industrial

plant, yield noise reductions which can be calculated in the same way as the method

described under Section 3.4, 1{2A). Other types of operational controls listed at the

beginning of this section are described below,

Step 1.

Step 2,

Step 3.

Step 4.

where:

and

A. Idle Operations Control

The noise level of a source typically depends on its operational mode .
For motor vehicles, the principal modes are aceceleration, deceleration, cruise,
and idle, whereas for mobile construction equipment, high and low idle are
often the two most appropriate acoustically differentiating modes. If operation
in one mode is to be reduced, such os with an idle operotions control, estimate

the noise reduction obtained by following these steps:

Estimate the Fraction of Time Presently Spent by the Source in Eaeh Mode

ldentify the Average Noise Level Associofed with Each Mode (All Levels Must

Be Measured at the Same Distance from the Source)

Estimate the Fraction of Time which Would Be Spent by the Source in Each Mode

if an ldle Operations Control Were Introduced

Estimate the Resulting Noise Reduction from the Following Equation:

m m

L. /10 L./10

- E: . i E ., [

ALeq = 10 log k 10 - 10 log te 10
i=1 i=1

t, is the fraction of time presently spent by the source in the i'h mode

f; is the fraction of time which would be spent in each mode if an
operations control were introduced

m is the number of modes,

L is the energy average noise level of the ith mode.
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m

m
[}
Note that z ti = 1.0 and Z fi = 1.0; that is, the equation
i=1

i=1
above applies when the reduction of time spent in one mode causes a

corresponding increase in time spent in another mode. If the operations
control reduces the overall time of operation, the equation above may still

- - - ' - .
be used if the new mode operation fraction values t, are defined as fractions

of the old operating duration.

As an example, let us assume an idling restriction is applied to buses —
no bus may operate in idle for longer than 15 minutes in the same spot. This
restriction will have two consequences: some bus drivers may turn off the
engine after 15 minutes, while others may just move to a new location if they
feel that the engine must remain at idle for a longer period of time. If the
engine is turned off, the fraction of the time spent idling is reduced, say,

from .1 to .05, but the other mode (nonidling) fractional times remain unchanged.
m m

As a result, z = 1.0, burz r; =0.95. (The engine was turned off For
i=1 i=1

that .05 of the time that it was previously idling.) If, on the other hand, the

bus continues to idle but now in « different location, the total amount of time

spent idling may be unchanged but the fraction of the time spent in other modes

increases since the bus hos to accalerafe,mcruise, and dec%lerafe to move to a

new idling location, In this case, bothz b= 1.0 and z f'i = 1.0 if the
i=1 i=1

overall amount of time that the bus is operating is now increased. In most

cases, increasing other modes ot the expense of idling would be quite undesir-

able from the overall standpoint of noise control.

B, Flight Controls

While control over the flight patterns and operations of aircraft comes

under the jurisdiction of the Federal Aviation Administration, changes suggested
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by local authorities can be considered if safety is not adversely affected.

Some operational changes which may help reduce noise impacts are:

. Power cutback after rakeoff
. Flap manogement at approach
° Decelerating (low power) approach

These options have complex consequences, and their associated
neise reductions are difficult to estimate, even with complex computer
programs. [f an alternative of this sort is desired, however, the FAA
Integrated Noise Model computer programls {or latest version thereof)
mey be used to predict the noise reduction obtained at the appropriate
locations in the community (these locations are the cells lying within or

near the airport noise zones; see Section 3.3).

c. Speed Controls

A reduction of the speed limit in some areas of the city will reduce
noise levels coused by motor vehicles only if the original noise levels are
high encugh that the tire noise component contributes substantially. In
this case, & reduction from 87 km/h (55 mph) to 72 km/h (45 mph) will be
more effective than from 72km/h (45 mph) to 56 km/h (35 mph). In the
same situation, o reduction from 56 km/h (35 mph) to 40 km/h (25 mph) moy
not have any noise reduction benefit atall., However, to a first approxi-
mation, this anomaly can be ignored and the following equations can be used
to estimate the reduction of energy average levels of motor vehiclas which

. - . 6
would occur if @ new speed limit were introduced:

30 loglv, /V,1 8

H

Autos: ALA
Trucks: ALT = 26 log [V1/V2] , dB

where V] is the present average speed of vehicles (in km/h or mph),
and VY, is the estimated future reduced speed of vehicles (in km/h or mph}

3-61



TR FEVIWY VRV Al

If o "Highway" is the problem noise source for which a speed control
is desired, the highway noise reduction may be roughly estimated by combining
the reductions established in the above equations with the fraction of vehicles
they represent. For instance, establishing a new speed limit for a highway
composed of 90 pereent auto traffic (,9) and 10 percent trucks (. 1) would

reduce noise by an estimated:

( Ly/10 by /10
Alygyy = 101og {.50 - 10 +.10 10
{ La-2La) 0 (Le- AL /10
- 10log (.90 10 + .10 « 10 , dB

where LA is the original Leq contributed by autos to the highway
LI' is the original Leq contributed by trucks to the highway

ALA is computed above

and A Lr is computed above

A more precise method of determining the change in auto, truck and
highway noise levels is obtainable by consulting the EPA Highway Noise Impact
. 16
Review Manual.

D. Acceleration Control

The goal of this final operational control is to reduce unnecessary
accelerations and engine run ups by motor vehicles. If a noise standard is
written which makes it illegal to accelerate a motor vehicle in an unnecessarily
rapid, loud, or periodic manner, the number of such accelerations would decrease.
In terms of our mode model, the time spent occelerating is reduced by some amount

and is added to the time spent cruising or accelerating ot a regular rate.

To find the noise reduction associated with an acceleration or excessive

run-up control, complete the following steps:
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Step 1. Estimate the Froction of Time Presently Spent by the Noise Source in Each
Mode of Operation

This is the same as Step 1 under "Idle Operations Control"” aubove. Estimate the
average fraction of the time spent by a given type of noise source or vehicle accelerating
excessively using the following equation:

Po=x (P -P)

€q a e

where
P_ is the population average fraction of the time a vehicle spends accelerating
excessively,

n is the number of vehicles which accelerate excessively,
N is the total number of vehicles,
Pa is the averoge fraction of the time spent accelerating under any conditions,

and P is the fraction of accelerations which are excessive for those vehicles which
occelerate excessively,

Step 2. Identify Typicol Maximum Passby Noise Levels for All Modes of QOperation

In this step, include excessive accelerations. This is the same as Step 2 under

"ldle Operations Control" above.

Step 3. Estimate to What Degree an Acceleration Control Will Reduce the Number of
Excessive Run Ups and Accelerations

This is accomplished by using the following equation:

n'
let:: "N (Pu ) Pé')
where
P'eu is the new population averaged fraction of the time each vehicle spends
in excessive acceleration,
n' is the new reduced number of vehicles which accelerate excessively,
and P! is the new reduced fraction of accelerations which are excessive for

the n' vehicles.
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The concept here is that an ordinance against excessive run ups and accelerations

will have two consequences: (1) the number of vehicles (n) which accelerate excessively

at all will be reduced {to n'); ond (2) the fraction of accelerations which are excessive

(Pe)fo'r these n’' vehicles will also be reduced (fo P’e).

Step 4. Estimate the Resulting Noise Reduction for this Alternative

Compute the estimafed noise reduction by using the equation provided in

Step 4 under "Idle Operations Control "

3.4.3  Area Restrictions

An area restriction prohibits the operation of certain noise sources in noise-

sensitive areas. This measure requires city administrative and enforcement activity,

and may add costs to operations involving the restricted products. Motor vehicles are

the primary targets of area restrictions, espectially large trucks,

1. Costs

A.

X 1

A —tm——

B

Annual Costs to the City

Annual man~-months required for administration/enforcement

Monthly employee cost
Discount factor for year when annual costs to city begin

Discount Factor to account for continuous annual future funding

Total annual costs to the city

Annual Costs to Others

Additional cost of operating equipment, per piece

Number of modified pieces of equipment (here, "modified” means that
the restricted area is now avoided)

Discount factor for year when annual costs to others begin
Discount factor to account for continuous annual future funding

Total annual costs to others.
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- Total Cost of Countermeasure = @ + @
- Fraction of Costs Incurred by City = (@) + @ + (®)
. 2. Noise Reduction
- A restriction which limits the area in the community where o noise
m source may operate may result in complete elimination of the noise produced by

that source in that area, or it may only remove o fraction of the source population
P and result in a minor noise reduction. If Table 3-2 on page 3-4 indicated that
i an areq restriction should be considered for a particular “problem noise source,
s - define at least two scenarios which would cover the range of possible strictness

of the areq restriction so that Noizop can choose the most appropriate fraction
et of sources to remove. This fraction is paired with costs to define the cost function,
s For example, if trucks are found to be a problem in "Residential Area A, " use
- the procedures below to estimate what fraction of trucks producing noise at a
e sample cell in Area A are aoffected by two hypothetical cases such as the following:
wa (1) a!l through trucks prohibited from using the major arterial nearest the somple
e cell; and (2) all through trucks prohibited from using any arterials in Area A.
- These two cases will define two points on the cost curve. If Noizop decides
K that the most cost-effective expenditure for this abatement measure lies between
e the two points defined, this indicotes that a restriction of intermediate strictness
e . is recommended, such as (3) "through trucks only prohibited from using three major
- arterials in Residential Area A" ‘
j ’ For an area restriction applied to motor vehicles, estimate the fraction
:' of the source population affected by a particular scenario from the following
_ equation:
~ Z (Ad, + V)
-

AR RO
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where
f=the fraction of the source population offected,

Ad. = the road length restricted in the th categary,
V.= the Average Daily Traffic {ADT)} volume in the ifh road category, and

-

d. = the total road length in the iH1 category in the area surrounding
the sample cell,

Road categories may be divided into four groups: (1) local streets;
(2) feeders and collectors; (3) arterials; and (4) limited occess highways. To
use the above equation, estimate (1) the averoge volume of traffic, Vi‘ on
each type of road; (2) the length of eoch road type, di' in the surrounding
area (within a few kilometers of the sample cell); and (3) the length of road

which will have restrictions placed on it, Adi.

For an area restriction applied to a population of stationary sources
such as air conditioners, which may be assumed to be evenly distributed in
the community, estimate the fraction of the source population affected by a

particular area restriction scenario from the following equation:

A

f = e

A
where  AA = the area (in square kilometers) affected by the restriction, ond

A = the total area (in square kilometers) surrounding the somple cell
{generally within a few kilometers of the cell).

3.4.4 Time Restrictions

Time restrictions may be applied to a wide variety of noise sources. They
generally are designed to reduce the noise produced during the nighttime hours, the most
noise~sensitive time of day. The city incurs administrative and enforcement ¢osts and
potential loss of tax revenue due to a reduced employment base with this alternative,

while operators of restricted products may face time delays, reduced sales, and additional

administrative costs,
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A. Annua! Costs to the City

MA/E Annual man-months required for administration/enfarcement

- x Ce Monthly employee cost

= (:) Recurring annual administration/enforcement costs

ER Reduction of employees, in man-years
- —_
' =~ E  Number of employees in city

. x R Annval municipal income and sales tax revenues
5 —

= gE) Recurring annual loss in tax revenue due to reduced employment base
£,

(&) Recurring annual administration/enforcement costs

[ET]
L + S:) Recurring annual loss in tax revenue due to reduced employment base
o X D.l Discount factor for year when annual costs to city begin
i
Iy _—

X 11 Discount factor to account for continuous ainual future funding
|
- = (:) Total annual costs to the city
12
" B. Annual Costs to Others
-, {1) Commercial or Industrial Noise Sources and Airports
1
l T
e SR Sales during restricted hours, per year
5
Ly - SS Sales expected to shift to nonrestricted hours
v = (@ Recurring annual costs due to sales fosses
i
-4
i 4
b
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(2} Construction Noise Sources

CS Cost due to delays in schedule {example deloy costs are
x W  Wholesale price index for industrial commodities 12
= ) Recurring aonnual increased construction costs
@ or (€ Sales losses or construction costs
+ CL Cost to operator of additional labor and administration
x D, Discount factor for year when annual costs to others begin
11 Discount factor account for continuous annus! future funding
= (® Totcl annual costs to others
Total Cost of Countermeasure = ©+ ©®
Fraction of Costs Incurred by City = © =+ (@ + @)

2,

Noise Reduction

Gather two items of information to define the effects of this measure,

1. The fraction of nighttime operations which are curtailed

As an example, let us assume that a power plont is required to

eliminate operations which produce excessive noise between 2 a.m.
and 5 a.m. Then if operations were originally distributed evenly
through the nighttime period (10 p.m. to 7 a.m.), the fraction
which is curtailed is 3 ~ 9 hours or 333,

2. The corresponding fractional increase, if any, in daytime operotions

shown in Table 3-12) )

If @ nighttime operationa! restriction causes an increase in daytime

operations, estimate the fractional increase which occurs.

These two items of information are input directly into Noizop which then

calculates the noise reduction which results,
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3.4.5 Permits

Permits may restrict the (1) duration, (2) frequency, (3) location, or (4) time
of operation of a noise source. The first two types of permits are treated here, Areo

restrictions were discussed in Section 3.4.3, and time restrictions were discussed in

Section 3.4.4, Extensive cdministrative costs are incurred by the city in issuing permits,

Costs due to delays in scheduling and increcsed administrative costs and, in some coses,

reduced sales, are borne by permittees.

1. Costs

A.

MA/E

x
[

|

x
o

|

=

1 e A R S bt i et

Annual Costs to the City

Annue! man-months required for administration/enforcement

Cost of employee
Discount factor for year when annual eosts to city begin

Discount factor to account for continuous annual future funding

Tota! annual costs to the city

Annual Costs to Others

Cost to operator of additional labor and administration

Cost due to delays in schedule

Sales lost due to elimination of operation (applies to rock concerts
not held, construction projects not permitted, recreational events not

staged, etc.)
Discount factor for year when annual costs to operator begins

Discount factor to account for continuous annual future funds

Total annual costs to others
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Total Cost of Countermeasure = © + @

Fraction of Costs Incurred by City = @ =+ (@ * @)

2. Noise Reduction

If @ permit limits the amount of source activity which may take place, such as
a limit on the total number of construction days at any one site, or o limit on the number
of consecutive hours o race track may operate, estimate the fraction of operations that
are curtailed. If a permit limits the number of operations per unit time a source may be
operated, such as a limit of blasting operations to one every 15 minutes, again estimate
the fraction of operations which would be eliminated as o result of the restriction. Pair

this fraction with its associated costs and provide this input data to Noizop.

3.4.6 Barriers

The construction of barriers along highways and railroad lines, and around
commercial or industrial sources, can be very effective in reducing the noise impact on
people living near these sources, but the remainder of the community will not be offected.
Barriers are usually funded from local government sources; however, state or federal funding is
often involved, so the costs attributed to the local government may not actually be paid

directly from the eity budget. If local data are not available, use the barrier costs

supplied in Table 3-13.

Table 3-13
Cost of Barriers (from Reference &)
Barrier Height , Cost per
in Meters Application Linear Meter (feet)
(feet) 1977 Dollars
3.0 (10) Highway $186 ($ 57)
Highway,/
4.6 (15) Railroad $281 ($ 85)
6.1 (20) Railread $425 ($130)
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1. Costs

A, Annual Costs to the City
MA/E Annual man-months required for administration/enforcement
+ MM Annual man-months required for maintenance
X .C_E——_ Monthly employee cost
x -[?l-ﬂ Discount facter year when annual costs fo city begin
x T Discount factor to account for continuous annual future funding

Total annual costs to the city

One-~Time Costs to the City

Cost of barrier per linear meter (depends on barrier height)

Length of barrier in meters

x
x Wholesale price index for industrial commodities
x Discount factor for year when one-time costs to city occur
= Total ene-time costs to the city

Total Cost of Countermeasure = @ + ®

Fraction of Costs Incurred by City = 1.0

2. Noise Reduction

As an alternative to source noise regulations, area restrictions, and time
restrictions, acoustic borriers can be constructed between the noise source and the receiver.
The most important determinant of the effectiveness of noise barriers is the effective height
of the barrier relative to the line of sight between the source and receiver. In practice, it
has been shown that barriers generally produce noise reductions on the order of 10 dB, with

a practical maximum attenuation of the order of 15 dB rarely actually occurring., The most
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effective permanent barrier design, from a cost and performance standpoint, appears to

be o combinafion of a conerete or brick wall built on top of an earthen berm,

The noise optimization model requires two types of barrier noise reduction

input data:
1, Barrier effectiveness ratios;
2, Noise reduction at the center of the aoffected cell(s).

These parameters may be specified for up to two alternate barrier heights. Barrier
effectiveness ratios describe the effectiveness of barriers in attenuating noise from
different sources relative to an established "norm." Each ratio is the noise reducticn (in dB)
of a source divided by the noise reduction of the "norm." Because they are the most
prevalent noise source in the community, automobiles have been chosen as the "norm"
source, and effectiveness ratios for other sources have been developed based on the
effectiveness of barriers on automobiles. Such rotios are shown in Table 3-14 (a) for
selected noise sources. Use this table to assign barrier effectiveness ratios to all
problem sources defined in the community. Prepare ratios for two possible barrier
heights: a low barrier {2 to 4 meters high), and o high barrier (4 to 6 meters high).
Noizop will choose which barrier to build, if any, ot each location, based on the

different costs involved.

For each cell where @ barrier is planned, the reduction of o noise level from
a source is estimated in the computer medel by multiplying the barrier effectiveness
ratio of the source by the noise reduction estimated for automobiles. Two automobile
noise reductions must be estimated for each barrier focation: one for a high barrier, and
one for a low barrier. Use Table 3-14 (b) to estimate the noise reduction in o cell
affected by o barrier. If a barrier is planned with a height lying between the values

listed, interpolate to find the appropriate automobile noise reduction.

If a barrier is planned along a major roadway, two cells will be affected by the
barrier, as shown in Figure 3-2: one in Major Roadway Zone A, and one in Major Roadway
Zone B, These are called the "primary cell" and the “secondary cell", respectively, in
the cost-effectiveness model, Assign the same automobile noise reduction values to both

the primary and secondary cells affected by a barrier along a major roadway .
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Table 3-14

(@) Barrier Effectiveness Ratios for Low and High Barriers, by Noise Source(o)
. ) Trucks and Buses Raii(b)
Bmi-:eb:.ﬂe!-::;f " Joc‘ul:':tc?ﬁ S;:: d Sl.:.egeh d Locomotive | Cars Aircrafr(C}
{feet) Motarcycles
2-4( 6.1-12,2) 1.0 0.7 0.9 0.3 0.8 0.0
4-6(12.2-18.3) 1.0 0.9 1.0 0.4 1.0 0.0

(@) For nonvehiculor noise sources {i.e., power plants, factories), estimate the rotio based on
relative source height to the standard source - automobiles. Values based on noise

reductions given in Reference 6.

b . .
(b) If the source noise levels are not separated for locomotives ond cars, use an average of
the two ratios.

e) Zero effectiveness for aircraft in Flight. For some areas along the sideline of airport runways
or near aircraft engine test areas, where the dominant noise source is located on the ground,
barriers can be effective - sffectivaness ratios of 0.3 ond 0,6 are astimated for 2-4 ond 4-6

meter barrier heights respectively.

(b) Average Reduction of Automobile Noise by Low and High Barriersé

Barrier Height Auto Noise Reduction in
in Meters Cell Near Barrier
(feet) (in dB)
2 (6.1) 10
3 {9.1) 13
4 (12.2) 14
5 or more (15.2 or more) 15
3-73
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3.4.7 Building Insulation

In coses where exterior noise propagating into homes is intolerable to the

citizens, the local government may elect to initiate a building insulation program.

While insulating homes reduces impacts from all noise sources, it is usually applied

only to homes underneath flight paths near airports. In many cases, a side effect of

of sound insulation is a decrease in home heating costs during the winter, and air

conditioning costs during the summer. Insulation costs and associated noise reductions

may be estimated for three alternate levels of treatment: minimum, medium, and

maximum. Noizop will decide which level of treatment, if any, to apply in each celi

in the community bosed on these estimates.

1. Costs

A,

Annual Costs to the City

Annual man~-months required for administration and enforcement

Cost of employee per month
Discount factor for year when annual costs to city begin

Discount factor to account for continuous annual future funding

Total annual costs to the city

One-Time Costs to the City

Cost to insulate per square meter {depends on noise reduction desired
for each building)

Floor area of buildings in each noise reduction category, square meters

Discount factor for year when one~time costs to city occur

Total one-time costs to the city
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C. Annual Costs to Others
F Fuel savings per square meter (see Table 3-15 for typical values)
x D, Discount factor for year when costs to others begin

Discount facter to account for continuous annual future funding

Total annual costs to others

P |

Total Cost of Countermeasure = @ + @ = @

Fraction of Cost Incurred by City = (@ + @) - (@ +® - @)

This fraction will be larger than 1.0 in magnitude. For input to the
optimization model, Noizop, use 1.0,

Soundproofing cost data must be input to Noizop as costs per square unit
floor area for each of the three levels of soundproofing. Therefore, after computing
the total composite costs above separately for each level, divide these values by the
total floor area of all buildings in the community to be insulated to obtain unit floor
area costs. The floor area of buildings to be insulated is input to Noizop with the
cell doto as described in Chapter 4 and in the Noizop User's Guide.

2. Noise Reduction

The cost of incremental improvement in building noise reduction achieved
with nolse insulation increcses rapidly with the increase in noise reduction, Table
3~16 iliustrates this relationship. If insulation cost figures are not available for your
community, use the values supplied in this table, then compute the total costs of each
noise raduction category as described above. Use these results to define three -

building insulation costs and associated reductions: a minimum treatment, a medium

treatment, and o maximum treatment,
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Table 3-15

Fuel Savings

Typical Annual Fuel Savings (F) Per
Level Average Increase Square Meter (Squoare Foot) 1977 Dollars*
of in Neise
Insulation| Reduction, dB North Midwest South
Minimum 5 $.083 (.0077)[5.044 (.0041) |$.020 (.0018)
Medium 10 70 (.016) .093  (.0087) | .044 (.0041)
Maximum 15 .258  (.024) 142 (,013) 069 (.0064)

*Based on methods of estimating fuel savings described in Reference 17, using the
following assumptions:

(1) Annual number of days when outdoor temperature falls below 18°C (65°F) times
the number of degrees below 18°C (65°F) =

North: 3900°C degree-days (7000°F degree~days)
Midwest: 2200°C degree-days (4000°F degree-days)
South: 1100°C degree-days (2000°F degree~days)

(2) Average house size = 186 sq m (2000 sq ft), volume = 453 cu m (16,000 cu ft)

(3) Added ventilation requirements are considered, but they are smali (less than
$.002/cu mater)
(4) Cost of energy is $4/million BTU

{5) Linear relationship between degree of noise reduction and omount of reduction
in heat losses by infiltration of outside cold air.

Table 3-16
Incremental Nolse Raduction Achieved with Selacted Levels of Insulation

Applied to Existing Homes 18-21
Insulation Cost (Cl)

Leve! of | Per Square Meter (Square Foot) Average. Increase in
Insulation 1977 Dollars* Noise Reduction, dB
Minimum $ 32 {$ 2.95) 5
Medium $ 91 ($ 8,40 10
Maximu.a $165 ($15.30 15

12

*Jse Consumer Price Index for home ownership to update to current year.
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3.4.8 Compensation

Compensation usually refers to the money which is paid to residents living near
aitports under Flight paths to compensate for the loss in land value caused by the
excessive noise levels. Compensation does not reduce noise per se, but it tends to
reduce peoples' complaintsto noise, thereby reducing adverse community reaction to
some extent. If the noise of airplanes flying over a resident's land damages the owner
in the use of the land, the courts may decide that there is an "inverse condemnation" or
a "taking" of property for which compensation must be paid either in the form of annrual

or one~time payments.

Residents who suffer noise pollution but whose airspace is not physically entered
cannot usually claim inverse condemnation. Only governmental units with the power of
eminent domain, such as the city or the airport commission, con be sued for the taking
of property, and therefore these parties bear the entire compensation costs. Compensating
people before suits are brought against the city may be a cost-effective action, although
few examples of such action exist, Thus, compensation is treated here as a countermeasure
which local governments may initiate. Costs are based on reductions in property value and
rent caused by noise sources, although the local government could decide to provide
compensation at a greater or lesser rate depending on considerations such as available

funds and citizen demands,

1. Costs_
A. Annual Costs to the City
MA/E Annual man-menths required for administration/enforcement
X EE—— Monthly cost of employees

Recurring annual costs for administration/enforcement

Number of households affected

Recurring annual property value reduction costs

377

Annualized property value reduction due to aircraft fiyovers, per household
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Recurring annual costs for administration/enforcement

Discount factor for year when annual costs to city begin
Discount factor to account for continuous annual future funding

Total annual costs to city

+ ® Recurring annual property value reduction costs
2
n
B.

One-Time Costs to the City

Annualized property value reduction due to aircraft flyovers, per

XR___ household
x _H  Number of households affected
b _ Y Average remaining physical life of impacted buildings, in years
x 02 Discount factor for year when one-time costs to city occur

= (:) Total one~-time costs to city

Total Cost of Countermeasure = @ + @
Fraction of Costs Incurred by City = 1.0
2. Noise Reduction

The relationship between property vaiue 1educiion and noise levels has been
studied by many reseurchers.} £ €77 On the basis of these investigations, the estimates
shown in Table 3-17 were made. The estimates assume an initial average property
value of $50,000 and an average rent of $350 per unit. The property reductions are
"annuvalized;" that is, the tota! property value reduction of a home is the annualized
reduction shown in the table times the number of years of physical life remaining for the
building on the property. The figures are derived from studies of homes lying between the
Ldn 55 to 80 dB airport contours for aircraft noise, and within 30m (100 ft) of the highway

for highway noise.
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Table 3-17

Annualized Property Value Reduction (VR) in 1977 Dollars
Due to Selected Increases in Noise Level 10r 22-24

Increase in Noise Level (dB)
Source
5 10 15 20 25
Aircraft Noise $220 $440 3660 $880 $1100
Highway Noise $ 55 $110 $165 $220 $ 275

Use the relationship between dB increcse and property value reduction in
Table 3-17 to form the basis for the compensation cost function. The costs shown in
the table, VR’ must be manipulated as described above to obtain the total annuclized
costs. The corresponding "noise reductions" are the increases in noise level associated

with these costs in the table.

3.4.9 Population Relocation

If noise problems are severe enough in the community, as a last resort the
affected residents con be relocated. Costs to the city government can be substantial
but significant financial damage in the form of lost profits and goodwill also ocewrs if
commercial establishments are moved. Relocation costs must be estimated for the

entire population in each cell where relocation is a viable alternative.

1, Costs
A. Annual Costs to the City
M AVE Annuval man-months required for administration/enforcement
x -EE-— Monthly cost of employee
= E Recurring annual costs for administration/enforcement
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Averoge ossessed value of property
Property tax rate, fraction of VA
MNumber of households affected

Annual loss in property tax revenue

Recurring annual costs for administration/enforcement
Annual loss in property tax revenue
Discount factor for year when annual costs to city begin

Discount factor to occount for continuous annual future funding

Total annual costs to city

One-Time Costs to the City

One minus the ratio of land value to property value”
Four times the average assessed value of property”
Cost to relocate, per househeld

Cost of demolition, per household

Number of households affected

Discount factor for year when one~time costs to city oceur

Total one~time costs to the city

*
If the land purchaosed by the city is not usable for nonresidential purposes, such as

parks, city offices, etc., remove this term.

* %
A multiplier of 4 is applied to the assessed property value to obtain the market

value,
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C. One-Time Costs to Others

3-5 Three times net monthly sales for commercial properties acquired

s {12-month average)*
X P Number of commercial properties affected
X D3 Discount factor for year when one-time costs to others occur

= (:) Total one-time costs to others

Total Cost of Countermeasure = @ + @ + @

Fraction of Costs Incurred by City = (@ + @)"" (@ + @+ @)

Note that the assessed valve (VA)_. tax rate (T), land-to-property ratio (VL,/P)"

relocating costs (CR), and demolition costs (CD) may be different for residences and

commercial properties.

*
An average of 3 months are required for commercial concerns fo reestablish business

at original levels.

2. MNoise Reduction

No noise reduction values are needed.

3.4.10 Planning ond Zoning

Planning and zoning is o noise control alternative which may take many years
before the benefits are realized. The time lag depends on the municipal population
growth rate, the portion of vacant land, and the number of older buildings in the
community. Although the city may already have a planning/zoning department, some
additional administrative and enforcement costs will be incurred if changes are made for

noise control purposes. Changes in the tax base due to zoning changes will also affect the

city revenues, If a change in the location of a highway is required, additional construction
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and relocation costs may occur. Property owners may suffer reduced property values

as a result of the changes. It they must eventually move their business, relocation

costs are also involved,

1.

Tt kb el P

Costs

——

A.

gk

O

&l

Annual Costs to the City

Average assessed value of old property

Property tax rate for old property

Lost property tox revenue from old property
Average assessed value of new property

Property tax rate for new property

Property tax revenuve from new property

Number of underdeveloped lots in areas to be zoned

Number of nonconforming buildings over 50 years old in areas to be
zoned

Number of property units affected

Annuval man-months required for administration/enforcement
Monthly cost of employees, per month

Recurring annual administrative/enforcement costs
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Lost property tax revenue from old property

Property tax revenue from new property

Number of property units offected

Recurring annual administrative/enforcement costs

Discount factor for year when annual costs to city begin
Discount factor to account for continuous annual future funding

Total annual costs to the city

One-Time Costs to the City

Cost to relocate highways, if any

Discount factor for year when one-time costs to city occur

Total one-time costs to the city

One-Time Costs to Others

Four times average assessed value of oid property (to obtain market value)

Four times average assessed value of new property (to obtain market value)

Cost to relocate businesses, if any

Discount factor for year when one-time costs to others occur

f:! Total one-time costs to others

Tota! Cost of Countermeasure =

i e e e ke e

Fraction of Casts Incurred by City = ( @ + @)_ ( + @ + @)
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2. Noise Reduction

The impact of a community noise source may be reduced or eliminated through
careful planning and zoning policies, IF the noise levels from a major arterial are
excessive, for instance, plons could be mude to expand alternative routes which would
effectively relocate the source through less sensitive areas of the community. Or
zoning changes could be made which would {imit the increase in population near high

noise leve! areas, thus effectively "relocating” the injured population.

If the countermeasure involves relocating a noise source by the target year
{"Planning"), estimate the new noise levels at each cell near its new location, or use the
"~1" parameter in the Noizop path-receiver override array for relocation,3and, if old cells
are still affected by the source, estimate the new reduced noise levels there. Include
relocation costs in the total annual cost for this case. If the countermeasure involves
“relocating” the populotion ("Zoning"), no relocation costs are incurred but only the
costs due to administretion, enforcement, and changes in property values. Calculate these
costs for each cell which is affected by zoning changes. Noizop will then decide, on the

basis of these costs, whether or not the zoning requirements are needed by deciding whether

or not to relocate the population in the cell.

3.4.11 Building Codes

Building codes for residential construction may be established as a measure to
reduce eommunity-wide exposure to outdoor noise levels. As with plenning and zoning
changes, a time lag is involved, so the effects are not felt immediately. Expenses to
the city include administrative and enforcement costs. Costs of conforming to the codes
are borne by developers and/or buyers, Building owners moy experience some fuel

savings as a result of improved insulation requirements.

—
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Costs

A.

<

p[* b1 *

Annual Costs to the City

Annual man-months required for administration/enforcement

Costs of employee, per month
Discount factor for year when annual costs to city begin

Discount factor to aecount for continuous annual future funding

Toto! annual costs to the city

Annual Costs to Others

Annuval fuel savings for buildings in each noise reduction eategory,
per square meter

Floor area of buildings in each noise reduction category, in square
meters

Discount foctor for year when onnual costs to others begin

Discount factor to occount for continuous annual future funding

Total annua) costs to ethers

One-Time Costs to Others

Cost to conform to code, per square meter {depends on noise reduction
for each building type) {(based on current construction costs12)

Floor area of buildings in each noise reduction category, in square meters

Discount factor for year when one-time costs to others oceur

Total one=time costs to others
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Total Cost of Countermeasure = @ - @ + @ {if negative, use one dollar)

Fraction of Costs Incurred by City = @ + (@ -® + ©)

2, MNoise Reduction

The noise reduction achieved with building codes, as with building insulation,
depends on the degree of treatment. A building insulation program affects existing
homes and, therefore, costs more per dB reduction than building codes, whase require-
ments can usually be incorporated at the design and initial construction stages without
much additional trouble. If cost-to-conform (CC) figures are not available for your
community, use the values supplied in Table 3-18, They are based on the insulation
costs of Table 3-16, using an estimated difference of 20 to 30 percent between the cost
of insulating an existing home (i.e., weatherstripping and blown=in insulation) and the

cost of insulating a home at the new construction stoge.

Table 3-18

Estimated Increase in Noise Reduction Achleved
by Medifying New Construction Practices
with Selected Degrees of Building Codes,

by Cost to Conform

Estimated Cost to Conform (C .) Average Increase in
pet square meter (square foot); Nojse Reduction,
1977 Dollars* dB
$ 25 ($ 2.40) 5
$ 68 ($ 6.30) 10
$115 ($10.70) 15 -

*Use Consumer Price Index for homeownership to update to current yeur.]
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3.4,12 Tax Incentives

Tax incentives are provided by local governments to property owners who
have noisy equipment located on their property in order to help pay for quieting that
equipment. Costs of a tax incentive program are borne entirely by the local government
in mose cases. The noise reduction which results depends on the noise level at which the

incentive is applied, the cost to quiet the product, and other factors which are discussed

below.
1. Costs
A, Annual Costs to the City
MA/E Annual man-months required for administration/enforcement
x Ce Cost of employee, per month
Change in revenues due to the tax program (the method of estimating
+ .
RC RC is presented later)
x D, Discount factor for year when annual costs to city begin
X 11 Diseount facter to account for continuous annual future funding
= (@ Total annual costs to the city
Total Cost of Countermeasure = ©@
Fraction of Costs Incurred by City = 1.0
2, Noise Reduction

Figure 3-11 illustrates three types of tax incentives which o local government
may wish to institute. They are: (1) fixed incentive; (2) incentive proportional to cost;

and {3) incentive proportional to cost plus noise reduction.

A fixed incentive provides o tax break if a product is purchased and used which
emits noise levels less than o specified criterion level. This is shown by the dashed line

in Figure 3-11, For Instance, a tax break of $300 may be allowed if an outdoor commercial
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Difference in dB Between Criteria Level and Product Level
(Levels Measured Accerding to New Product Measurement
Procedure)

Figure 3-11. Three Possible Incentive Schemes to Bring Product Noise Levels
Below a Criterion Level
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ventilation system is installed which generates less than an Le of 60 dB at 15 meters,

In this case, the owner of a system which produced 49 dB at 15 meters would receive

the same benefit as the one which produced 5% dB.

The second type of incentive provides a tax break which is propertional to the
additional cost required to purchase, install, and operate the quieter system. This is
shown by the line of x's in Figure 3-11, For example, the owner of a product which
costs $500 more than an average reference product but which is 8 dB quieter receives
a tax credit of $500, As a result, any tendency to purchase noisier products just

because they are cheaper is removed,

The third type of incentive provides a reduction of taxes beyond what additional
costs are incurred to purchase the quieter product. This is shown by the dotted line in
Figure 3-11. As an example, the purchase of a product which is 8 dB quieter than the
reference product would be subsidized by $800, even though it costs only $500 more
than the reference product. A scheme of this type provides an incentive to achieve
lower and lower noise levels, howaver, the local government must be prepared to

sacrifice a potentially significant portion of its tax revenues to pay for it.

Of the three types of incentives, the incentive which is proportional to incurred
costs (type number 2} is probably the most appropriate for loeal government action. The
fiest type of incentive, the fixed incentive, requires that information be gathered on
what dollar figure is most equitable, and this “"average" cost may be difficult to define.
It would depend on technology available, year of purchase, number of items purchased,
ond other factors which may not all point to one reasonable single figure to use.
Similarly, the third type of incentive, a tax incentive which is propertional to the
degree of noise reduction achieved below some criterion level, also requires that informa~
tion be gathered on how much money should be sacrificed by the local government in the
form of lost revenues to pay for each decibel reduction. While this approach actually
makes noise quieting a profiteble venture to companies who take edvantage of it, to the

local government it could be too expensive to be worthwhile,
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A scheme which provides, in effect, reimbursement for all marginal costs
expended to purchase quieter products therefore appears to be the best approach. It is
equitable, flexible, not overly costly, and effectively reduces noise emissions of the
source population., Therefore, if this scheme is to be used, gather information on: (1} the
average cost of products which emit noise levels which are approximately the same as
the criterion level; and (2) the odditional cost (if any) of products emitting noise level:

which are lower than the criterion by specified amounts. Plot the differences in noise

level (x-axis) versus the differences in cost (y-axis) found between the reference product(s}

and the quieter products, using the legends shown in Figure 3-11. Establish the best-fit
curve to these points. This curve determines the amount of money the local government
will pay ~ or, equivalently, the amcunt of tax revenue which will be lost — to have new

products quieted by given amounts,

New products manufactured after the incentive is established which exceed the
criterion level may be expected to have their noise levels redistributed in more or less o
uniform fashion below the criterion point since any incentive to purchase noisier products
merely because they are cheaper is removed with the tax rebate. Plot this distribution
of newly purchased new products as shown in Figure 3-12 (a) and identify the mean of the
distribution. Additionally, estimate the percent of new products originally designed to

exceed the criterion level which would now be expected to be redistributed below the
cut-off.
A computer program (VESTA) is described in Appendix B and provides an

estimate,, based on the items of information computed above, of the average population-

wide noise reduction of products affected by a countermeasure such as a tax incentive.

The chonge in revenues due to the tax incentive program (RC) is approximately
the difference in cost between a product at the noise criterion level and a product at the

mean of the new distribution (M in Figure 3-12 (a) ), times the total number of new,

modified products,
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3.4.13 Tax Penalty

A tax penalty scheme may be established which penalizes businesses for

operoting products or equipment which cause excessive community noise. The cost to

the city involves administration and enforcement, although these may be balanced by

revenues produced by the penalties. Costs to others include the cost to medify noisy

products in order to avoid the penalty, plus the cost of the penalty for those products

which are not modified. The noise reduction achieved depends on factors described

below.,
1. Costs
A.
MA/E
O T
- RC
x D]
x 11
B.
RC
x 92
x 11

Annual Costs to the City

Annual man-months required for administration/enforcement
Cost of employee, per month

Change (increase) in revenues due to tax program

Discount factor for year when annual costs to city begin
Discount factor to account for continuous annual future funding

Total annual costs to the city

Annual Costs to Others

Penalties incurred for unmodified noisy equipment
Discount factor for year when costs to others begin
Discount factor to account for continuous annual future funding

Total annual costs to others
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Total one-time costs to others

c. One-Time Costs to Others
CA Cost to operator of altering equipment, per piece
x Q Number of modified pieces of equipment
x ID3 Discount factor for year when one-time costs to others occur

Total Cost of Countermeosure = @ + @ + @
Fraction of Costs Incurred by City = @+ (@ + @ + @)

2. Noise Reduction

Figure 3-13 illustrates three types of tax penalties which o local government
may wish to institute. They are: (1) fixed penalty; (2) penalty proportional to cost;

and (3} penalty proportional to cost plus decibels above criteria.

A fixed penalty provides = tax on all products exceeding the cut-off level,

independent of how much the cut-off level is exceeded. This is shown by the dashed
line in Figure 3-13.

A penalty proportional to cost provides a tax which is equal to the additional
cost required to purchase, install, and operate a product which meets the criterion

level. This is shown by the line of x's in Figure 3-13.

The third type of penalty provides a tax on products in proportion to the degree
to which the criterion level is exceeded. This is shown by the dotted line in Figure 3-13.
This penalty scheme is the most appropriate scheme to use since it provides an incentive
for the noisiest products to be quieted first, and, before they are quieted, the local

government gains additional revenue in proportion to the disturbance they cause.

If this third penalty scheme is to be used, gather the same information defined
earlier for "Tax Incentives" (Section 3,4, 12); namely, (1) the average cost of products
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Figure 3-13. Three Possible Penalty Schemes to Bring Preduct
Noise Levels Below a Criterion Level
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which emit noise levels which are approximately the same as the level at which the
penalty begins, and (2) the additional cost (if any) to the purchaser of products
exceeding the criterion to purchase a preduct which is lower than the eriterion. Plot
the differences in noise level between the excessive and reference products (x-axis)
versus their differences in cost (y-axis), using the legends shown in Figure 3-13.
Establish o best-fit curve to these points. This curve establishes the amount of money

that owners of new products must pay to the local government for the right to purchase
noisy products.

After the penalty is established, new products which originally would have
exceeded the penalty cut-off level may be expected to be modified as shown in
Figure 3«12(b). Here, new products which would have incurred high penclties becouse
of their excessive noise levels have been modified so that they no longer exceed the
penalty cut-off, Estimate the mean and standard deviation of this distribution of "newly
purchased" new products, Also, estimate the fraction of new products which are
expected to be modified as a result of the penalty. Then use the VESTA computer program
to find the noise reduction associated with the assumed regulation level. Find the
noise reductions achieved with two to four different regulation levels, and pair these

reductions with the associoted total costs to define the cost function for this countermeasure.

3.4.14 Noise Standard (New Product)

A new product noise standard may only be established by a local government

if state or federal laws do not preempt doing se. A local new product

regulation requires additional municipal administration and enforcement. Manufacturers
of regulated products incur additional labor, administrative, and product redesign and
modification costs. Operators of new products redesigned to comply with a noise

standard may incur additional operating costs and/or costs associated with retraining.

3-95




oo T T e R RS e

Costs

A.

(8]
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—
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|

Annual Costs to the City

Annual man-months required for administration/enforcement

Cost of employee, per month
Discount factor for year when annual costs to ¢ity begin

Discount factor to account for continuous annual future funding

Total annual costs to the city

Annual Costs to Others

Additional cost (if any) of operating modified equipment, per piece
Number of modified pieces of equipment

Cost to manufacturer of additional labor and administration
Discount factor for year when annual costs to others begin

Discount factor to account for continuous annual future funding

Total annual costs to others

One-Time Costs to Others

Cost to manufacturer of altering equipment, per piece
Number of modified pieces of equipment

Cost (if any) of retraining operaters of modified equipment
Discount factar for year when one~time costs to others oceur

Total one~time costs to others
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Total Cost of Countermeasure = @ + @ + @

Fraction of Costs Incurred by City = @ = (@ + @ + @)

2, Noise Reduction

The redistribution of products originally exceeding a new product noise level
has been graphically displayed in Figure 3-12, While there is no established procedure
for estimating the mean and standard deviation of the distribution of modified preducts,
it may be assumed that the mean is within a few dB of the new product regulation level.
It also may be assumed that nearly 100 percent of the products will be in compliance
with a new product regulation. With these assumptions, find the noise reduction
associated with two to four different new product regulatory levels by uvsing the VESTA
program. By pairing the costs of these regulations with the correspending noise reductions,

establish the cost function for this countermeasure.

3.4.15 Labeling

A local government may require a noisy product to be lubeled in some way so
as to inform the consumer of the high noise levels which it produces. With this measure,
the city will incur administrative and enforcement costs, and manufocturers will incur
costs associated with complying with the labeling requirement. The noise levels of
products will be reduced on the average only if consumers cheose to buy more quiet

products than they would if noise labels were not attached.
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1. Costs

A,

x CE

X D1

X n
B.
‘L

% D2

x 1
C.
CA

Annual Costs to the City

Annual man-months required for administration/enforcement

Cost of employee, per month
Discount factor for year when annual costs to city begin
Discount factor to account for continuous annual future funding

Total annual costs to the city

Annual Costs to Others

Cost to manufacturer of additional labor and administration
Discount facter for year when annual costs to others occur
Discount factor to account for continuous annua! future funding

Total annual costs to others

One~Time Costs to Others

Cost to monufacturer of altering equipment, per piece
MNumber of modified pieces of equipment
Discount factor for year when one-time costs to others occur

Total one~time costs to others

Total Cost of Countermeasure = @ + @ + @
Fraction of Costs Incurred by City = @ _(@ + @ o+ @)
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2. Noise Reduction

A labeling program may take many forms. Products may be labeled according
to their noise level ("x dB"), their acceptance by the community (" Somewhat Annoying"),
their relationship to other products of the some type ("Quieter than Average"), or their
noise level with respect to a criterion ("Exceeds Recommended Limits"). The latter
approach is considered as an example in the discussions below since it has the virtues
of simplicity of description and ease of understanding and yet remains an objective

rather than o subjective lobel.

Regardless of the form, as long as proper public education accompanies the
regulation, it may be expected that @ noise labeling program will cause more quiet
products to be bought than before, and fewer noisy ones purchased. The degree of this
change is difficult to estimate and is expected to vary according to the type of product, price,
consumer preference, and locale. If a better method of estimating the mean and standard
deviation of the new distribution is not available, use the same method os deseribed above

under Section 3.4.14, New Product Standard; in particular:

1.  Divide the present distribution of new product noise levels into two
parts at the point at which the label "Exceeds Recommended Limits"
is to be applied.

2.  Estimate the mean of the "Redistributed" new products as being a few
dB below the labeling limit (see Figure 3-12 (b} ).

3. Estimate the standard deviation of this distribution as being less than
the difference between the distribution mean and the labeling limit.

4.  Estimate the fraction of new products which will be redesigned rather

than be labeled "Exceeds Recommended Limits."

With this information, use the VESTA computer program to estimate the noise
reduction for two to four different labeling limits. Pair the costs found above with

these noise reductions to establish the cost function for this countermeasure.
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3.4.16 Maintenance Standard

A local government may require a periodic maintenance check of certain
products in order to reduce the high noise levels generated by products which are
poorly maintained. Maintenance standards are recommended primarily for motor
vehicles and could consist of a check-up every 1 to 4 years in connection with
registration renewal. Costs to the city include administration and enforcement,
Owners of products cited under the standard pay for any madifications which are
needed. The noise reduction obtained with a maintenance standard depends on the
particular maintenance requirement, the original number of out-of-spec products,

and the percent of products which are modified to zomply with the standard.

. Cots
A, Annual Costs to the City
MA/E Annual man-months required for administration/enforcement
x 'C_EH—H Cost of employee, per month
® D] Discount factor for year when annual costs to city begin
x l Discount factor to account for continuous annual future funding
= _@_ Total annuel costs to the city
B. One-Time Costs to Others
CA Cost to operator of oltering equipment, per piece
X 1 Number of modified pieces of equipment
x 02 Discount factor for year when one-time costs to others oceur
= E Total one-time costs to others
Total Costs of Countermeasure = @ + @

Fraction of Costs Incurred by City = @ —'(@ + @)
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2, Noise Reduction

Maintenance and retrofit equipment standards are similor, therefore the steps
required to estimate the noise reduction obtained with either of these two measures are

presented in one discussion below (refer to Figure 3-14).

Step 1. Estimate the Mean and Standard Deviation of Operational Noise Levels Presently
Emitted by the Source Population

Step 2. Estimate the Fraction of the Source Population Which Would Be in Violation of
the Standard if it Were Put Into Effect

Step 3. Estimate the Noise Level Which is Exceeded by All (or Neorly All) Violating
Products

Assume that products in violation of the standard represent the noisiest portion
of the source population. Thus, this fraction determines the exceeded noise level (see
Figure 3~14). The noise level found in this manner may be symbolized in the general
case by L™, where x is the fraction of the population in violation of the standord. In
the VESTA compuier analysis which is to follow, use this level as the (hypothetical)

"regulation level."

Step 4. Estimate the Fraction of Violating Products Which Will Be Modified os o Result
of the Standard

This fraction will be highly dependent on the type of enforcement to be used,
A yearly vehicle registration renewal requirement which includes a maintenance check
may yield a compliance rate approaching 100 percent. On the other hand, if little or
no education is provided to enforcement officers in regard to the standard, only a small

fraction of product operators would comply.

Step 5. Estimate the Mean and Standard Deviation of the New Distribution of Vehicles
Originally Poorly Maintained but Now Modified to Comply with the Standard

The mean may be expected to be substantially below the L™ in the case of a

retrofit standard since a particular kind of replocement product is required, A lesser
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Legend
1. Mean (M]) and Standard Devigtion (crl) of existing population

2; Fraction (i.e., 10percent) of existing population violating
new standard

3. Noise Lavel (i.e., Llo) exceaded by the 10 percent violating
sources

Fraction of violating sources which will be modified to comply

Mean (M2) and Standard Deviation (02) of modified sources

10| 3
M L .
1. { o !

10} 2.

Percent of Source Population

|
!
|
!
|
!
!
!
|
i
!
i
l
I
I

Noise Level of Source

Figure 3-14. Items of Information Needed to Use the VESTA Computer Program
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difference between the two levels is expected under a less strict “proper maintenance "
standard since the owner would not be required fo replace faulty noise equipment, but
rather would tend to merely peteh it up. Inany case, for maintenance or retrofit
standards applicable to modified or poorly maintained motor vehicles, a substantial (at
least 5 to 10 dB) noise reduction can occur for individual vehicles. But since violating
vehicles comprise only a small portion of the vehicle population, the overall noise

reduction caleulated in the next step is much smaller.

Step 6. Use the VESTA Computer Program

Using the information gathered above, operate the VESTA computer program
to find the reduction in operational noise levels obtained with two to four different
maintenance or retrofit obatement measures. Pair these results with the associated total

costs to form the cost function.

3.4.17 Retrofit Standard

A retrofit stondard requires that o particular type of replacement part must be
added to a product if that product exceeds a specified noise limit. While a maintenance
standard only requires that a product be properly maintained, a retrofit standard ensures
that products producing excessive noise are treated with proper abatement devices, such
as mufflers or shielding. Although differences exist, the methods of estimating the costs
and noise reduction associated with these two measures are similar, and therefore the

reader is referred to the discussion on Maintenance Standards {Section 3.4.16) for cost

and noise reduction information.

3.4.18 _E_cjucaﬁon

An educational campaign which is intended to reduce noise problems in the
commuhity can be directed at either the operators of noisy products, the people in
charge of the products' operation, or the people who hear the noise but don’t know what
to do about it, (Educational programs directed at administrative or enforcement personne!

do not directly reduce noise in the community, although in many cases they are a necessary
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adjunct to noise control in the community. Such programs are not considered here.)
Educational campaigns may assume o wide variety of forms ranging from sending out o
flyer to residents living near the site of an upcoming noisy construction project to once
a week interviews with o noise control expert on TV or radio. Costs of these campaigns
are usually borne by the local government, although funding from higher levels of
government may be available. The noise reduction associated with a given campaign

is extremely hard to estimate. Factors such as timing, media impact, and other con-
current issues in the community may make the difference between significant community
involvement and no involvement ot ail. However, some initial guidelines are presented

which indicate how noise reduction estimates may be made,

L Cets
A Annual Costs to the City
MA/E Annual man-months of administration/enforcement
x E-E—_ Cost of employee, per month
+ E:A_ Cost of materials and media
x B—;— Discount factor for year when annual costs to city begin
X _—i__l_— Discount factor to account for continuous annual future funding
= (@  Total annual costs to the city
B. Costs to Qthers
(see individual discussions under Noise Reduction below)
Total Cost of Countermeasure = @

PAYIIY SN LIl

Fraction of Costs Incurred by City =

1.0
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2. Noise Reduction

In itself, the establishment of an educational campaign does not reduce
community noise levels. However, it may cause changes in peoples’ behavior which
may result in a reduction of the noise being emitted either by the people themselves, or
by the product which they are operating. There are many examples of such behavioral
changes and their associated noise benefits, but there are few guidelines which can be
provided for making estimates of the noise reductions involved since each case is likely
to be unigue to each community, highly dependent on nonacoustical factors, and slow
to show long-term measurable differences. Nonetheless, the following specific examples
of the effects of potential measures of this type may be used as guidelines in developing

estimates of the costs and effects of your particular program. Exomple effects include:

1.  Change in Operation of Noisy Preducts

As an example of this effect, if education convinces hot-rodders to
reduce their hot-rodding, or if it initiates some citizen reaction sgainst noisy vehicles,
then this action is similar to that of Acceleration Controls, discussed in Section 3.4.2,
The costs and noise reduction associates with this effect are similar to those discussed

under Operational Controls (see Section 3.4.2).

2,  Change in Area of Operation

Off-road motorcycle operators are asked to limit their activity to a particular
piece of land. This would require some advertisement of the suggested operating locations,
but would not necessarily invelve a law. The costs and noise reduction of this effect are

similar to those of Area Restrictions {(Section 3.4.3).

3.  Change in Time of Operation

A case where education might affect the time of operation would be if
general aviation aircraft pilots are advised to limit the times when they fly to the hours
between 7 a.m, and 10 p.m. The costs and noise reduction of this effect would then be

similar to those of Time Restrictions (Section 3.4.4).
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4, Increased Concern for Building Insulation

As a result of educating people about the adverse effects of noise, there
may be increased concern for proper noise insulation of homes. If this concern causes
improvements in initial construction practices, the educational program would be similar
to a Building Code (Section 3.4.11) only without the administrative and enforcement cost
components. If the concern causes people to modify existing homes, the program would be

similar to o Building Insulation measure (Section 3.4.7), again without the associated

administrative personnel requirements.

5.  Reduced Sensitivity to Noise

Education is more likely to cause increased sensitivity of people to noise,
not less. However, in some instances, if the people who are impacted by the noise are
advised that the operators of the noise sources are doing all they can to reduce the noise —
or, if the importance to the community of the noise source is properly advertised — then
the sensitivity of impacted people may actually decrease. The costs (besides media costs)
and the noise reductions involved in this approach would be similar to those of

Compensation (Section 3.4,8).

6.  Population and Source Relocation

One topic which an educational program might address is the noise levels
existing in the community. If areas where excessive outdoor noise levels exist were
pointed out to the community, people looking for a new home may decide to locate them-
selves in g quieter neighborhood than they would have if they had not knewn about the
noise levels beforehand. In effect, there might be a volunteer type of Population
Relocation (Section 3.4.9), again without extensive government participation. Similarly,
if an industry was looking for a new place to locate o noisy operation, it would be in its
own best interest to locate the operation in an area where either the noise levels were
already high, or where there were few concerned residents. This type of information

could easily be part of a community education effort. Costs and the associated noise
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reduction for such effort would be similar to those discussed under Planning and Zoning

{Section 3.4.10), again without the administrative/enforcement costs invelved,

7.  Changes in Consumer Preference Patterns

An educational program aimed at consumers would highlight certain options
which the public hos in buying quieter products and in pressuring manufacturers to produce
quieter produces. Such a change in consumer preferences would have effects similar to

those discussed under the Labeling alternatives in Section 3.4.15.

8. Improved Maintenance of Products

A program which educated owners of certain products such as automobiles,
lawn mowers, air conditioners, and the like, would emphasize the importance of keeping
such products properly maintained so that the noise levels do not substantially increase as
the product ages. The costs and effects of this type of program would be similar to those
discussed under Maintenance Standards (Section 3.4.16) without the costs of governmental

administration and enforcement.

3.4.19 Complaint Mechanism

Programs which are designed to provide governmental response to citizen
complaints about o noise problem ¥all under the category of "Complaint Mechanism."
An example would be a noise "hot line" which citizens could call and get rapid responses
from enforcement officials trained in acoustical measurement techniques. Since a
complaint response program may assume many different forms and result in a variety of
noise control actions, no cost or noise reduction formulae are presented here specifically

for this alternative. Rather, the reader is referred to related alternatives discussed above.

Almost all citizen complaint programs invelve some administrative and enforcement
costs on the part of the city. The resulting noise reduction is extremely difficult to predict,
but it primarily oceurs in one of two ways: (1) shifting the time during which the offending
noise source is operated (including elimin;:ring the operation); or (2) changing the manner

in which the source is operated.
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An example of the first type of effect due to citizen complaints is a change
in the time from nighttime to daytime when quarry blasts are scheduled. If this type of
effect is expected to oceur as a result of establishing a comploint mechanism, define the

costs and associoted noise reduction by following the discussions under Time Restrictions

(Section 3.4.4) above.

An example of the second type of effect is a reduction in the frequency of hot-

rodding in quief residential areas as a result of calls from annoyed citizens. The costs and

noise reduction of such an effect are considered under Operational Controls (Section 3.4.2)

above.

Note, however, for both of the above examples that governmental enforcement
efforts (and the associated costs and degree of compliance) are a function of citizen
involvement (complaints), whereas the efforts expended to enforce Time Restrictions and
Operational Controls in the absence of a citizen complaint mechanism depend only on
the amount of money and manpower the government is willing to expend.

Finally, it should be pointed out that communities which have aggressively
pursued an enlightened and ociive program to encourage and act on noise complaints

have found this to be an effective means for achieving positive results in terms of actual

reduction in localized and specific community noise problems.
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APPENDIX A
NOISE ABATEMENT OPTIMIZATION PROGRAM

Al Introduction

This appendix provides a brief technical description of the Community Noise
Countermeasure Cost-Effectiveness Computer Program (called Noizop).* A summary

statement appears be low,

The acoustic environment of a community is modeled by the definition of small
acoustically homogeneous divisions called cells. The source noise levels from up to 20
moving or stationary noise sources can be specified at each of up to 200 cell locations.
The user may define up to 20 countermeasures {noise reduction options) selected from
an available list of eight alternate general approaches to abate the noise sources,
Additional input consists of the affectiveness and implementation costs for each of the
defined countermeasures. The program calculates a single number evaluation of the
noise climate in the community called the Noise Impact Index (NI1) which is equiva~
lent to the froction of people in the community who would consider noise to be a
significant detriment to their environment. The NIl is the objective function which
Noizop will seek to minimize using nonlinear optimization techniques. Constraining
factors include feasible implementotion (expenditure) limits on each countermeasure
as well as o total budget for all countermeasures together. The end result is an

optimum sclution sat for expenditure allocation among the countermeasures.

For the preparation of this strategy menual, an earlier version of Noizop
was modified and enhanced to provide & tool suitable for use by local governments.
The earlier progrem was referred to as version 2.1, The current version, described

herein, is numbered 2.2. Both versions are in ANS] Stendard FORTRAN 1V,

Saction A.2 describes each of the modifications associated with this new

version of Noizop and serves as an update to the User's and Programmer's Guides

associated with the original version. *

*Glenn, P.K., "Community Noise Countermeasures Cost Effectiveness Optimization
Computer Program (Noizep), " Wyle Research Report WCR 76-15, Volumes 1-1l1, for
the Motor Vehicle Manufacturers Association, Ine., June 1977,
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Section A.3 illustrates six hypothetical applications of Noizop on an actual
Northern California community. Although these resuils are test cases and are not
intended for implementation, they serve as a partial illusiration of the range of potential

uses of Noizop by local city governments and planning agencies.

Section A.4 is an application of Noizop to Allentown, Pennsylvania. This
application, following directly from the procedures described in earlier sections of this
manual, was performed to provide city officials of Allentown with an optimal noise

abaiement planning strategy.

A.2  Updates to the User's Guide and Programmer's Guide

A.2.1 User's Guide Updates

To furnish a computer utility suitable for local governments and planning agencies,
several enhancements and updates were made to the existing version of Noizop,
The following discussion describes all additions and modifications that have been made

to the program. Table A-1 summarizes these changes. Parenthetical references are

made to section numbers of the User's Guide where the related material is discussed,

In the following discussion it is assumed that the reader is familiar with the Noizep

User's Guide.3

1. Criterion Lavel Specification

Lower criterion levels (zero percent adverse response) which previously needed
to be input with each cell have been given default values. These defauif values are
listed in Table A~2.* The user may now leave a blank data field for the lower criterion

level specification on the appropriate input data card (Section 2. 1),

In addition, the default upper criterion levels (100 percent adverse response)
have been revised to agree with EPA-recommended levels (Section 2,7). These are also

listed in Table A~2,

*The default values specified are best estimates and have intentionally not been

rounded to the nearest 5 dB which would ordinarily be done to reflect a more
realistic measure of accuracy. The user can effect such a rounding if desired.
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Table A-1

Additions and Modifications to Noizop
as Defined in Reference 3

Addition or Modification

Related Section{s) in
User's Guide

1. Criterion Level Specification
2. Countermeasure Type Numbers
3. Countermeasure Indicators

4, Defoult Transfer Function

5. Input of User Cost Portions

6. Attitudinal Source Level
Adjustments

7. Gradient Stepsize
8. Optimization Process

9. Qutput of Bar Groph

Summarizing Results

2.1, 2.7
2.2
2.2
2.7
New Addition

New Addition

2.11.1
2.11

New Addition
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Table A-2

Default Criterion Levels
(Tables 2-2 and 2-7 in Reference 3)

Defoult Lower Default Upper
Land Use Criterion Levels Criterion Levels
Suggested Usage (0% adverse {100% adverse
Code
response, dB response, dB)
Day Night Day Night
1 Single and Two-family 54 46 C 74 66
Residential
2 Open for Additional 54 46 74 66
"Residential Use
3 Single, Two, and 54 44 74 66
Multifamily Residential
Multifamily Residentia! 59 44 79 66
Business and Commercial 59 59 79 79
Wholesale and 59 59 79 79
Warehousing
Central Business District 59 59 79 79
Industrial 70 70 20 90
Public and Semi-public None None None None
Areas
10 Parks 55 — 75 —
N Schools 55 — 75 —_
12 Hospitals and 50 50 70 70
Nursing Homes
13 Open None Nene None MNone
14 Open None None None None
15 Open None None Nane None




2. Countermegsure Type Numbers

The countermeasure type numbers have been redefined in order to simplify the
notation used in the previous version (Section 2.2). Table A-3 lists the old and new

countermeasure type numbers. The user should use the new type numbers on the counter-
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measure definition data cards.

Table A=3
Countermeasure Type Numbers
Type Number
Old New Countermeasure Definition
1 1 A reduction in the frequency of operation of the noise source.
The fractional reduction is the same during the day and at
night
3 2 A reduction in the frequency of nighttime operation of the
noise source.
5 3 A shifting of the nighttime activity into the daytime period,
or vice versa.,
10 4 Application of a device Hhat produces a fixed Leq reduction
to a portion of the source population,
12 5 Anoverall L reduction.
eq
15 é Like 4, except thot no further modifications are allowed 1o
the treated portion of the source population.
18 7 Stationary source countermeasures.
20 8 Path or receiver modifications.
3. Countermeasure Indicators

Countermeasure types with new numbers 4 and 6 (see Table A~3) require

countermeasure manipulation indicators to be defined (Section 2,2). The original
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version of Noizop permitted decibel reduction values which comprise the indicator to

be entered to an accuracy no better than 0.5 dB. For local government application

. the definition of the indicator has been aftered fo allow entry of decibel reduction

valves accurate to 0.1 dB. The new definition of the indicator (1) is:

I=(dBl x 10 +200) x 1000 +(dB2 x 10 + 200)

where
dBl = maximum decibe! reduction at the cell location for this
countermeasure or the primary noise source.

dB2 = maximum decibel reduction at the cell location for this
countermeasure on the secondary noise source.

MNote that the maximum range of the decibel reductions have been reduced from
100 db to £20 dB,

4. Defoult Transfer Function

The default transfer function is now linear allowing a value greater than 100
percant adverse response (Section 2.7), The previous defoult iransfer function was
also linear but did not allow a value greater than 100 percent adverse response.
This change eas accomplished by giving the bulge parameter (Section 2.7) a

default value of 1,

5. Input of User Cost Portions

A feature has been odded which allows the user to specify the fraction of
the costs for a counfermeasure which the local government bears. Total
costs for a countermeasure are stit! comprehensive societal costs and these costs still
form the basis for the optimization. An additiona! codeword is now allowed ~ USER =
which is used to enter the cost fractions. The first card following the USER codeword
is a title card which may contain any pertinent information. The first 72 columns of
the card may be used, The second {also the last) succeeding data card contains the
countermeasure cost fractions (i.e,, befween 0. and 1.). The input formaf for this
cord Is 20F4,0, The Ffirst field (columns 1 through 4) containg the fraction for

countermeasure number 1, the tenth field (columns 37-40) contoins the fraction for

A=b
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countermeasure number 10, etc. The default values for the user cost fractions are

all unity, 1. Default values for user cost portions are initiated by not implementing
the USER codeword.

The local government budget for noise abatement measures may be considerably
less than the fotal societal budget. The user may determine the optimum disposition of
the countermeasures at the user budget level by finding the optimization procedure
step in the computer output which shows expenditure of a user cost value equal to the
local government budget., The total user cost is printed along with the total societal

cost for every step. Again, note that the countermeasures are optimized for the total

cost rather than the user cost.

6. Attitudinal Source Lave! Adjustments

The capability to modify source noise levels for attitudinal biases has been

added. The formula for making the adjustment is shown below.

Leq (hew) = Leq (old) - Corr

The parameter in the above expression, Corr, is input to the program through
the use of o new codeword, CORR. The CORR codeword allows an option parameter,
a nonzero number in column 6 of the codeword card, which will cause o formatted
listing of the main cell dato to be printed showiag the modified source levels, This
printout option is the same option included with the DTA and FAC codewords
(Sections 2.1 and 2.8, respectively).

The first data card following the codeword card is a title card of which the

first 72 columns may be used. The succeeding data cards have the format as follows:

Field Number Format Data Ttem
I5 Noise Source Numher
2 F5.0 Corr Value for this Source, dB
A=7
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One card is required for each source receiving an attitudinal adjustment. A
blank data card must follow the last adjustment data card to return control fo the main
program,

Note that the adjustment value, Corr, is subiracted from the source levels,
Consequently, negotive adjustments will increase the effective source levels while

positive adjustments will decrease them.

Noizop will print the following diagnostic message if an invalid noise source

number {greater than 20} is placed in field number 1 gbove.
INVALID SOURCE NUMBER IN ATTITUDINAL ADJUSTMENTS
This message will be printed identically in both the main and quxiliary print files.

, 7. Gradient Stepsize

The gradient stepsize (Section 2.11.1) is given a default value, initiated by
a blank field on the appropriate data card, of the total specified budget divided by
100.; not $10,000 as mentioned in the User's Guide,

8, Enhoncement of Optimization Process

This discussion complements and updates Section 2.11 of the Noizop User's

Guide.

Because of a potential manyfold increase in the volume of output thot is produced,

the "1" option parameter now controls the printing of the results after each of the steps
in the optimlzation procedure, The options are described, as listed in Table A-4, by

the first option parameter for the codeword OPT.

The input dala card containing the optimization control parameters mow con=

tains five parameters. The format is 4F10.0, H0:

1. The iotal budget

2, The grodient stepsize

3. The initial moximum expenditure ratio
4, The expenditure retraction factor
5. The number of refinement stages

A-8
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Table A~4
First Option Parameter for OPT Codeword
Parameter Value Effact
-1 Suppressas the printing of each of the steps in the optimization

procedure from the main print as well as the auxiliary output
file. Only the input expenditlures and optimization control
parameters are printed. No bregkdown of path-raceiver
measuras by cell location is given.

0 This is the defoult value. All steps in the optimization pro-
cedure are printed in both the main and auxiliary output files.
A breakdown of path=receiver measures by cell location is

provided,

1 Suppress the printing of each of the steps in the optimization
process in the main print file. The abbreviated form is still
provided in the auxiliary output file., No breakdown of path-

receiver measures by cell location is given.

Parameters 1-3 are described in the Noizop User's Guide. The use of param=

eters 4 and 5 is explained in the following discussion.

In some instances, the steepest descent path optimization procedure may prove
inodequate. This is due to the fact that the gradient testing method is somewhat
shortsighted. That is, it determines the optimum point at o short distance (the gradient
stepsize) from its current position. In so doing, it commits an expenditure to a counter-
measure that it cannot retract, It may turn out that as the total expenditure increases,

a new optimum point is astablished which involves reducing the expenditure on a
countermeasure below that previously committed to reach an optimum earlier in the step-

by=step optimization process. The previous version of Noizop would fail to find this

new optimum point in such and instance because it did not allow ratraction of expendi~
tures on any countermeasure.,
The operating theory of Noizop version 2.2 to correct this potential problem

is illustrated in Figure A-1,
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This is o Refinement
Stage. It is Repeated
the Number of Times
Designated by the
“Number of Refinement
Stoges" Parameter or
Until the Decision Box
is "Yes"

¢

Compute
First Estimale
M1l & Expenditutes
Using Original
Step-by-Step Procedure

f

A

Repeat the Following for Eoch Countermeasure =

One at a Time

Set the Final Expenditure for the Countermecosure

Back ta Zero,

Multiply the Final Expenditures on Each of the

Other Countermeasures by the Expenditure
Retraction Factor,

Enter the Step~by-Step Optimization Procedure
with these Expenditures os the Initial Point,

Store the Resultant Final Expenditures and
Associnted NII,

y

Determine
the Lewest NI of Each
of the
Above Triols

Is
the
Estimate NI
Lowet than
the Lowest N1l
of the
Above Trials

?

Optimum
Point
Found

Store
the Lower NII
(Designate "Estimota")
for Later Comparison,
Also Store the
Associated Final Expenditures

Figure A-1. Functional Flow Diagram Describing Optimization Refinement Stages
(Subroutine SEARCH)

A-10




= IMTF BYAAY AUV OO0

As can be seen from Figure A-1, a quantity called the expenditure retraction
factor is used to adjust the estimated fingl expenditures on each of the other counter~
measures at the time when one of them is being retracted to zero. A factor less than
1. will reduce the values, a factor greater than 1. will increase them. The default

value for this parameter, initiated by a blank field or a zero, is 1. which means that

the expenditure values are not altered.

The "number of refinement stages" parameter controls the maximum number of
times the expenditures on each countermeasure will be refracted to zero in search of
a lower NII. The process will stop qutomatically in the event that a refinement stage
fails to improve on the best value found in the previous refinement stage. The defauit
value for this parameter, initiated by a blank field or a zero, is zero, no refinement
stages. With no refinement stages, the results of this version (2.2) of Noizep will be

identical to the results of the earlier (2. 1) version.

?. Qutput of Bar Graph Summarizing Results

A bar graph is now produced which graphically illustrates the final expenditures
on each of the countermeasures. Both total costs (T} and user costs (U) are plotted.
Due to the extreme range of dollar values which may be expended, the expenditures
axis is on a logarithmic scale, Care should thus be taken in reading this chart due
to the nonlinear nature of the scaling. The chart is self-adjusting on both axes; that
is, it will compute the range of values that are to be plotted and allow the maximum
number of print positions to display the information. A horizontal line at the top of

the bar for a countermeasure indicates the spending limit was reached on that

countermeasure,

A.2.2 Programmer's Guide Updates

This section updates the Noizop Programmer's Guide to reflect the changes to

the program described in the preceding section. (Figure numbers refarred to indicate

figure, in the Programmer's Guide. )
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Figure B~1 should show two new paths coming from the main program to
describe the subroutine linkage for each of the two new codewords. For codeword
USER, the subroutine that is called is named USERRD, For codeword CORR, the sub-

routine is named ATTCOR. The corrected figure is shown in Figure A=2,

Figure B~2 should indicate the calling levels of the new subroutines, SEARCH,
BARGPH, and UFRAC, SEARCH is called directly by the main program (NOIZOP)
and controls the mannar in which OPTIM, the subroutine which performs the step-

by-step optimization, is called. The opemtion of subroutine SEARCH is illustrated in

Figure A=1. The annotated program listing should be consulted for a detailed description

of the new subroutines. The corrected Figure B-2 is shown in Figure A-3.

A new COMMON block was added to conlain the user cost fractions for each

of the 20 possible countermeasures
/CMFRAC/ DIST (20)
Another new COMMON block contains the two new optimization parameters

/PRINT/FRED, NIT

- FRED is the expanditure retraction factor.

= NIT is the number of refinement stages.

A3 Quantifica tivn of Model for Six Sets of Hypothetical Applications

This section describes the application of Noizop to six sets of alternate input
data. These cases serve ta partially illustrate the application of Noizop to com-
munities of different characteristics and, at the same time, demonstrate the leve! of

sensitivity of optimum countermegsure application fo various communities.

The base dato that was used represents the quantification of an actual Northern
California communily. Six cases were derived as variants of that data. They are
summarized in Table A~5. Figures A~4 through A-11 and Toble A=7 summarize the

computer output for the six cases,
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Subroutine Linkage Diagram Indicating Program Flow by Code Word
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Leve! of Subroutine Call

1 2 3 4 5 6
SEARC H—» QPTIM— / QUTPUT—»{ BARGPH
RANKR
UFRAC
XGRAD
ZERO
RANK
RANKR
TNINIL
UFRAC
XNOIM-—» /DISBRS—»~( BENFIT
IDER
REASIN —— IDER
) REMOVE——= IDER
RERANK
SECFND —» {ZERO
ZEROI
\ SUBBEN
ITER = [ATTENA
ATTEND
CURFEW
STACAL
S 1 RANKR
REBEN-—-= PAN
RELOC—> , IDER
REPCAL—»{ IDER
PAN
SECFND
ZERQ
ZERO1
SSPEND—" RERANK
STATN —> PAN
ZERO
\ZERO]
ZERO
ZERO!

Figure A-3. Subroutine Linkages (Alphabetical Order) for the Main Optimization
Process, Codeword OPT.
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Table A-5
Alternatives Analyzed by Noizop

Baseline Case.

Two Times Residential Population Density of Baseline Case.
Community One-Half the Size of the Baseline Case.
Removing the Motorcycle Noise Source and Countermeasure,
Removing the Path=-Receiver Countermeasure,

The Baseline Case without the Noise Source Attitudingl Adjustments.

1.

Baseline

This case, reanalyzed for this document with a few modifications, is thor-

oughly described in the User's Guide, Section 5.2, where the input data is described
ghly

and the complete computer output is presented. The modifications to the input data

reflect the changes made to Noizop to include additional capabilities required for

application by local governments, The specific changes to the input data are detailed

below.
1.

The countermeasure type numbers were redefined to reflect the new
designations (see Table A~2). The countermeasures used in the

analysis of the alfternatives are listed in Table A-6.

The two-dimensional enforcement type countermeasures were

removed; this concept presents an additional complexity beyond

the scope of this manual (see User's Guide, Section 4.2).
The countermeasure manipulation indicators were redefined
according to the new farmufa.

The linear transfer function specification allowing more than

100 percent impact was removed os this option is now default.
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Table A-6
Countermeasures Defined for Noizop Analysis of Alternatives

etocacee= AYTOMOSILES LOW SPEED NEW VEHICLES SOURCE REDUCTION
COUNTERMEASURE 1 TYPE & 'EXCL TRT' APPLIES TOU: AUTOMUBILES LOW SPEED LINE SRZ
AUTOMOBILES LOCAL TRAFFIC SOURCE

cwmanseee AUTOMOBILES LOW SPEED EXISIING VEHICLES RETROFIT SOURCE REDUCTION
COUNTERMEASURE 2 TYPE & 'EXCL TRT' APPLIES TOt AUTOMUBILES LON - SPEED LINE SRC
AUTOMOBILES LOCAL TRAFFIC SOURCE

secea=vee AUTOMOBILES LOwW SPEED QUS ENFORCEMENT
COUNTERMEASURE 3 TYPE S 'DB RED ' APPLIES TO: AUTOMOARILES LOW SPEED LINE SRC
AUTOMOBILES LOCAL TRAFFIC SOURCE

wewame=e= NMOTORCYCLES LOw SPEED 005 ENFORCEMENY
COUNTERMEASURE 4 TYPE S 'DB RED ' APPLIES TD: MOTORCYCLES LOW SPEED LINE SRC,
MOTORCYCLES LOCAL TRAFFIC SOURCE

wammwesar= TRUCKS LOW SPEED NEW VEHICLES SQURCE REDUCTION

COUNTERMEASUKE 5 TYPE 4 'PART TRT' APPLIES TO: [RUCKS LOW SPEED LINE SRC.
memeseme= TRUCKS MIGH SPEED TIRE NNISE REDUCTION

COUNTERMEASURE & TYPE 4 'PART TRT' APPLIES TO: TRUCKS HIGH SPEED LINE SRC.
cememeu=a BUSES LOW SPEED SOUKCE REDUCTION, MEW AND EXISTING VEHICLES
COUNTERMEASURE 7 TYPE S 'DB RED ' APPLIES TO: BUSES LOW SPEED LINE SRC.
vemmena=e AJRCRAFT SOUND ABSORPTION MATERIAL NACELLE TREATMENT S0OURCE REDUCTION
COUNTERMEASUKE 8 TYPE 4 '"PART TRT' APPLIES TO: AIRCRAFT COMMERCIAL, FLIGHT
=wewemme= AIRCRAFT FLIGHT PATH REROUTING (EFFECTIVELY A FLIGHT FREGUENCY RED.)

COUNTERMEASURE @ TYPE 1 'RED FREQ' AFPLIES TO: AIRCRAFT COMMERCIAL, FLIGHT

weamawe=e AJRCRAFT REDUCTION OF NIGHT OPERATIONS
COUNTERMEASURE. 10 TYPE 2 'NITE RED' APPLIES TU: AIRCRAFT COMMERCTIAL, FLIGHT

soemsseas RAILROAD LOCOMUTIVE MUFFLERS, SOURCE REDUCTION
COUNTERMEASURE 11 TYPE 4 'PART TRTY' APPLIES TO: RAILROAD LOCOMOTIVES, LINE S.

wmesnmswe PATH~RECEIVER CONTROL: INSULATIUN, BARRIERS, LAND ACQ. AND PEOPLE RELOC,
COUNTERMEASURE 12 TYPE 8 !'P=R MOD ' APPLIES TU: ALL SOURCES
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5. The specification of upper and lower criterion levels was removed
as this Iinformation is now default.
6. AtHitudinal adjustments with the following parameters were made
to low speed arterial and local traffic (collector streets), motor=
cycle and locomotive and car railread noise sources (numbers &,
7. and 9, 10, respectively).
Source Adjustment, dB
Motorcycles -6, (lncrease)
Railraod 5. (Decrease)
These hypothetical adjustments compensate for the fact that the
annoyance reaction to motorcycle noise is indicative of o noise
level & dB higher than for other sources. The railroad correction
illustrates that a noise leve! of 5 dB greater than for the other
; sources is required to produce a comparable annoyance reaction.
7. Hypothetical user cost fractions were entered as shown below for
countermeasures 1 through 12, respectively.
Counter- |
measure
Number 1 2 3 4 5 ) 7 8 9 10 1112
User Cost
Fraction .01 0. 1, 0,5 .01 0.5 .01 .01 .01 .,0v .01 1,
8. The total budget was specified as $1 million and the gradient stepsize

and initial maximum expenditure ratio were allowed to default to
$10 thousand and 10., respectively. No marginal search {expendi-

ture retraction stages) was initiated.,

A-17
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The results of the optimization procedure are shown in Figure A~4. The path-

receiver countermeasure absorbed nearly 80 percent of the tokn! budget. The total

user cost is therefore high because the local government, in this hypothetical example,

is assumed to he rasponsible for the entire cost of path-receiver countermeasures

(countermeasure number 12 above). Other significant aspects of the optimized base-

line expenditures are:

Maximum amounts were spent on countermeasures for existing automo=
bile retrofit source reduction and enforcement thereof. An equal
amount was spent on new vehicle source reduction, but this did not
represent the maximum allowed expenditure. The motorcycle counter-

measure, an enforcement action to eliminate the very noisy offenders,

received the maximum alletment.

A large amount was spent on both truck noise countermeasures with the
high speed tire noise source receiving the maximum allowed

expenditure, "

The bus noise countermeasure did not receive any funding but was the
highest ranking countermeasure at the end of the optimization process.
Therefore, if additional funds were available, the bus noise counter-
measure would be the next to receive funding, assuming, of course,
that the additional funds would either be insufficient for an

additional discrete path-receiver expenditure or that next path-

receiver measure would be less effective than the bus noise

countermeasure.

The only aircraft countermeasure selected was Flight path routing.
The rerouting of all the aircraft accounts for the subsequent

ineffectiveness of both the Sound Absorbing Material (SAM) and

night curfew countermegsures.

A-18
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Table A~7

Extent of Countermeasure Application to the Six Hypothetical Examples.
The Countermeasure Application Corresponds to Total Expenditures
on Each Countermeasure as Seen in Figures A~4 through A-7, A=10 and A-11

Case
] 2 3 4 5 [
Twice Ramoving No
Residential | Community Motorcycle Path=Raceiver No
Popwlation | One-Half Source and Countermmasure, | Attitudieal
Countarmeasurs Baseline Density Site Countermeasure | Smaller Budget | Adjustments
}. Percent of Aulomobiles Recaiving 3.5 dB Reduction* 16% 19% 1% 13% 0 20%
2, Percent of Automobilzs Receiving 3.5 dB Raduction* 57% 57% 57% 57% 57% 57%
3, Decibel Reduction In Automedile L due 1o 6,2dB 6,2 di 6.2 dB 6.2 dB 5.9dB 6,2 dB
Enforcement of Ordinance eq
4, Decibel Reduction in Motercycle Le due to 17 48 17 db 17 dB i 17 &8 17 d3
Enforcement of Ordingnce q
5, Percent of Trucks Receiving 12 dB Engine Nolse 36% 36% 6% I6% 25% 36%
Reduction
6. Percent of Trucks Receiving 5 dB Tire Noise 100% 13026 100% 160% 33% 100%
Reduction
7. Decibel Reduchen in Bus Leq 0 0 0 5,148 0 o]
B, Percont of Airereft Recaiving SAM Tregtment ¢ 0 0 0 0 0
?. Percent of Aircroft Rerouted 100% 100% 100% 100% 100% 100%
10.  Percent of Aircraft Night Operations Eliminated 0 ] 0 0 0 o]
11, Parcant of Railrood Locomotives Raceiving 6 dB 100% 100% 100% 100% 100% 10096
Muffier Treatment
12, Total Dollar Expenditure on Borriers and $784,000 | $775,000 | $7%1,000 $775,000 . $773,000
Seundproafing 1
*Countarmeasures | and 2 are mutually exclusive (Countermeesure Type ¢), Countermeasure | applies to new vehicles,
Countermeosure 2 applies to axisting vehicles,
**Countermensurs not defined.
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¢ The railroad countermeasure applying to the locomotive source also
received maximum funding which is consistent with the high source

ranking of the locomotive noise source {see Figure A-8),

2. Two-Times Residential Population Density of Baseline Case

The daka set for this case is identical to the data set for case number 1 with

the exception that every cell in g residential land use area has double the baseline
population.

The results of this case, shown in Figure A=5 show almost the same results
os for case number 1., the difference being that the low speed automobile source

received slightly more treatment at the expense of a poth-receiver countermeasure.

3. Community One-Half the Size of the Baseline Case

For this alternative, every other cell defined for the baseline case was removed
to simulate a smaller community. As can be seen in Figure A-6, the results are quite
similar to the baseline case. The deiailed disposition of the individual path=-receiver
measures (i.e., barriers and soundproofing) was, of course, quite different since the
configuration of the community and, hence, the relative cost-effectiveness of all the

possibie individual path-receiver measures is different.

4, Removing the Metorcycle Naise Scurce and Countermeasure

Removing the motorcycle source has the effect of slightly altering the com=
munity so that an expenditure on the bus countermeasure becomes effective. Mo other
significant differences from the baseline case are prasent. Figure A-7 illustrates the
results. Note that the motorcycle countermeasure {number 4) was removed for this
case meaning that in Figure A-7, countermeasures numbered 4 through 11 correspond

to countermeasures numbered 5 through 12 in the five other cases.

An interesting result of removing the motoreycle source is a change in the
population-weighted noise source impact ranking in the community. Figure A-8 is the
source ranking for the baseline case, including the motorcycle source. Figure A=9 s

the source ranking with the motoreycle source removed.

A-21
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MOST UFFENDING SOURCES:

D O~ OIS N

e

MOTODRCYCLES
MOTDORCYCLES
RAILROAD
AUTOMOBILES
TRUCKS
TRUCKS
AUTOMOBILES
aglomusILES
RAILRDAD
AIRCRAFT
BUSES

LOw SPEED LINE SKC.
LOCAL TRAFFIC SOURCE
LuCOmMOTIvES, LINE S.
LOW SFEED LINE SRC
LO~ SPEED LINE SRC.
HIGH SPEED LINE 5rRE.
HIGH SPEED L]INE SKRC
LOCAL TRAFFIC SOURCE
CARS, LINE SQURCE
COMMERCIAL, FLIGHT
LOw SPEED LINE SKRC.

SOURCE NO.

( 6)
(7
{9
¢ 1)
€ 4)
( 5)
« 2)
( 3)
(1

(1

¢

l)
8)

Figure A~8. Noise Source Ranking of Baseline Case
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HIGH SPEED LINE SKC
LOCAL TRAFFIC SUUKCE
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Figure A-9. Noise Source Ranking with Motorcycle Source Removed
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Prior to the removal of the dominant motorcycie sources, the railroad loco-
motive noise source had a greater impact than the low speed automobile source and
both the low and high speed truck noise sources. The counterintuitive result of
removing the motorcycle source is that the automobile and truck noise source now

have greater impact relative to the railroad locomeotive source than they did before.

An apparent explanation is that the presence of the annoying motorcycle
source had the effect of masking the automobile and truck sources. 1n other words,
with the motorcycles no longer there, the automobiles and trucks become the domi-
nant sources in areas where traffic is dominant, but the number of areas impacted by

railread noise remains unchanged.

5. No Path-Receiver Countermeasure

Since the path-receiver countermeasures recelived the preponderance of the
expenditure allocation in the other cases, the removal of this countermeasure pro-
vides potentially the mast interesting variant to the baseline case. For this case, the
total budget was reduced to $100 thousand since a $1 million budget would allow
maximum application of all the countermeasures and no interesting results would be

obtained. Figure A-10 illustrates these results.

Countermeasure number 1, new autemobile source reduction, now receives no
expenditures while the remainder is disbursed to counteremasures 3, 5, and 6 (see
Table A~6). Overall, the disposition of these countermeasures is similar to the base-
fine case. What this case illustrates is that, for this community, the optimum expen-
ditures among the remaining countermeasures is only slightly altered when the most

cost-effactive countermeasure (Barriers and Soundproofing) is removed,

4. No Attitudinal Adjustments

Removing the attitudinal adjustments had little effect since the motoreycles
and railroad noise source predominate even without the attitudinal corrections, The

effect of the attitudinal corrections was to increase the apparent moloreycle levels by

A-26

e e e S e e 8 e s

iy



FLNAL ExPENDITURES P EacCH COUNTERMEURZSUHRE

H
!
! -
s 1 NIl = .3796 =
10 == . e 3
! Percent Reduction = 49 Percent < =
= i
! o
1 v o 8
vt &~
! T N
! t T 0
t T T —
t T 7 g v
I T H -m--
1 8 1 r o 1
a | o~ ' W o o T
10 == w T ws T
f a r TR we—— T
E I 1 oS T T
X I Tu r T T T
P ] Tu 14 Ti} ¢/ T T
E 1 1 T TJ T T
H 1 = Tu T U T T
D i s v T ty 1 1
1 1 - T 1 Ty 1 1
T 1 - T r ] 1 1
U 1 vr Tu T m 1 1
a 31 L el fu 1 TJ T 1
Jl> E 10 == T Tu o r 1o T 1
3 5 I 7 r b r T 1 1
<3 1 1 v A T Ty 1 T
1 1 r U S r Tu 1 T
N 1 ] T mmaa r w T T T
1 T 1y 1 w2 To 1 1
3 I t U T U Ty 1 16y
o t 1 T Tu 0] T 1 10
L 1 t tu v Ty Tu 1 T
L 1 t T ) T T T o
A I T T v T T T o T
T 21 t o W ] T T Ty
510 == r Ty Tu 1u T 1y 10
1 T ] ry LAY} 1) fu Tu
) T Tu Tu ry r fy Ty
1 I ! u rd 14 1y Tu
I 1 tu Y Tu Ty Tu T
1 i1 1y v ty TU Tu 1y
1 1 0 Ty m 0 T U
i r T Tu T Ty ] Tu
i f Ty u Tu g I T
1 r 10 v 1y o 10 Tu
1 1 tu 0 W Tu o o
11 1 Tu T T 1u Ty Tu
1¢c == T 1 T Ty Ty LR¥) Ty
I [ T Tu T Ty Tu Ty
t 2 s u 5 6 7 8 a 1o 1"
COUNTEAMEASURE NUMHER
Figure A=10. Final Expenditures for Case Number 5, No Path-Receiver Countermeasure
Total Cost = $100, 000; User Cost = $22, 100
R L A AR T A L H e R I 5 v, Lt il @ Tt 4 M b b R R S : s e

——wmw TN FRMWW AATILD




Tr TR E PR shWed b

6 dB, and decrease the apparent railroad source levels by 5 dB. With these adjust~
ments removed, the motorcycle countermeasure still remains very effective and the
effectiveness of the railroad countermeasure is not altered sufficiently to make a
noticeable difference. Countermeasures 1 and 5 received slightly more funding at

the expense of path-receiver measures. Figure A-11 summarizes the results.
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A4 Summary of the Allentown Strategy Analysis

The results of applying methods developed in the Community Noise Strategy
Guidelines Manua! to the city of Allentown, Pennsylvania, are summarized in this
section of Appendix A. In conjunction with EPA and Allentown, problem noise sources
were identified on the basis of acoustical, attitudinal, and complaint information, and
a list of countermeasures waos derived which were felt to be the most promising ond
practical means of abating these sources. The costs incurred by sociely and the noise
reductions achieved with each of the selected countermeasures were estimated from

dota supplied by Allentown, using methods described in the main text of this

manual,

The noise optimization program, Noizop, was then used to find optimal
degrees of societal expenditure on each of the selected countermeasures for various
overall spending limits, In particular, optimal expenditure strategies were found
which would provide the maximum reduction in impacts from noise (1) in the year
1980 and (2) in the year 1988, for a nominal expected city noise control budget, as
suggested by the Allentown Quiet Communities Program Staff, These results are prasented

and discussed below. The main findings are:

e The most cost-effective countermeasures are (1) those which abate
emergency vehicles, since the cost of abating this source is very
low, and (2) those which cbate automcbiles, since this source
is both the most pervasive in Allentown (as was indicated by the
acoustical survey) and also one of the most annoying (according
to the attitudinal survey). Although it is not known whether the
main problem of automobile noise is caused by a few noise-modified
vehicles {which are the main target of automobile noise countermeasures
in this analysis) or by the more numerous but quieter majority, it is
suggested that additional countermeasures not considered in this analysis
which con help reduce nolse impacts from this source should be investi=

gated in the future,
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Inputs

*
All regulation limits given are maximum low speed passby levels measured at 15 m,
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The

Very little difference is observed between expenditures optimized
in 1980 vs, expendifures optimized in 1988, since most counter-

measures are expected to take effect immediately (1978) and remain
unchanged thereafter,

A budget which is approximately 1/3 lower than the present budget
anticipated by the city of Allenfown may be more desirable, as
measured in terms of the cast per unit measure of achievable reduc-

tion in noise impact.

ccuntermeasures analyzed in the optimization program are described below,

Property Standard applied to Noise from Garden Equipment and People,

This property standard would set noise emission limits of the property line

of between 75 and B0 dB for one hour due to noise from garden equipment

or activity by people (i,e., playing loud music, etec.)

Noise Ordinance Applied to Motorcycles,

A noise ordinance was considered which would consist of four parts:

(1) Enforcing the federal new vehicle standard on motorcycles

(83 dB in 1978, 80 dB in 1980)"

(2) Enforcing the Pennsylvania Department of Transportation (Penn

DOT) low speed operational regulations on motorcycles (84 dB)
(3) Enforcing operational contrels {reducing excess accelerations)

(4) Enforcing an equipment standard {e.g., "all motorcycles shall

have proper mufffers")

Noise Ordinance Applied to Autos.

A noise ardinance applied to autos was considered which would consist

of three parts:
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(1) Enforcing the Penn DOT low speed operational regulations

on autes (84 dB)
{2} Enforcing operational controls {reducing excess accelerations)
(3) Enforcing an equipment standard {e.g., "all autos shall have
proper mufflers")

Neise Ordinance Applied to Trucks.

A noise ordinance applied to trucks was considered which would

consist of four parts:

(1) Enforcing the federal new vehicle standard on tricks (83 dB in

1978, 80 dB in 1980)

(2) Enforcing the Penn DOT low speed operational regulations on

trucks (B8 dB)
(3) Enforcing operational controls (reducing excess accelerations)
(4) Enforcing an equipment standard (e.g., “al!l trucks shall have
proper mufflers')

Noise Ordinance Applied to Buses,

A noise ordinance applied to buses was considered which would
consist of four parts:

(1} Enforcing the proposed federal new vehicle stondard on buses

(83 dB in 1979, BO dB in 1983, and 77 dB in 1985)

(2) Enforcing the Penn DOT low speed operational regulations on

buses (88 dB)

{3} Enforcing operational controls (reducing excess idling near

residences)

{4) Enforcing an equipment standard {(e.g., "all buses shall have

proper mufflers")

A 32
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9-13.

14,

15.

16,

Operational Controls Applied to Emergency Vehicles.

This countermeasure would reduce the amount of time sirens ore ysed

by restricting their use to emergency situotions,

New Vehicle Standard Applied to Garbage Trucks,
This noise standard would enforce federal noise regulations on newly

manufactured gorbage trucks (78 dB in 1979, 75 dB in 1982)

Moede Transfer from Autos to Buses.

This countermeoasure would use educotion and advertisement media to

get more commuters to use buses instead of autos.

Education and Complaint Mechanism Applied to (9) Autos and Motor-
cycles, (10} Trucks and Buses, (11) Garbage Trucks and Emergency
Vehicles, (12} Garden Equipment and People, and (13) Pets

These countermeasures hove to do with informing the public about the
causes and effects of community noise and establishing o mechanism
such as o noise "hot line” which the public can use te complain about

noisy sources such as motorcycles, private parties, or industrial plants.

Stationary Source Controls Applied to Fairgrounds,

This countermeasure would reduce noise emissions from equipment and

loud music typically found at fairs,

Stationary Source Controls Applied to Music Clubs,
This countermeasure would reduce the undesirable source of music
clubs propagating into nearby residential areas by requiring owners to

provide sound insulation treatment of the exterior walls of their clubs,

Building Insulation and Codes,
Twenty areas ("cells") throughout the city were selected as potential
candidates for building insulation treatment. The noise optimization

program was then allowed to pick the cells which needed insulation,
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In addition to inputs which defined the above potential countermeasures, an

annual noise control budget of $123,000 for the city government of Allentown was

selected. This number is based on the mon-year estimates provided by the city

shown in Table A-8.

Table A-8

Manpower Distribution Estimated by Allentown for
Various Noise Control Activities, Man=years

Government Entity Performing Activity
Information | Community
Noise Conirol Activity QCP | Police Services Planners
Stationary Source Control 1/2 - - -
Motor Vehicle Noise Enforcement 1 2 - -
Education and Complaint Activities 1 - 1/2 1/2

vg Ridership Campaign /2 - - -
Building Insulation Program 1 - - -

Total =7 man-years

The total costs defined for each countermeasure include all costs incurred by

society, To find the costs incutred by Allentown's city government alone, a "City
Fraction™ was estimated for each countermeasure. These city fractions are shown in
Table A=9, Note that some of the countermeasures are expected to be paid for almost
entirely by Allentown (such as the Bus Noise Ordinance), while others only involve

relatively minor government expense (such as a building insulation program),

Qutputs

ST NYAYY AU 1030

Tha optimum total (T) and city government (U) expenditures selected by

Noizop for each countermecsure at the city budget level defined above are shown
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Table A-9
Effectiveness of Countermeasures in the Allentown Strategy Analysis
Cost/Effectiveness
(Percent of Moximum
Alioweble Expenditure)
Noise Source Ciy(2
Na. Countermaasure Affected Fraction 1930 1988 Comments
Garden Equipment . .
1 Property Standard People ‘ 0.995 0% 0% Not vary cost/effective
2 Nolse Ordinance V) Motorcycles 0.25 51 51 Less should be spent on this countermeasure
as budget increcses
3 Noise Ordinonce a) Atrtos 0.64 100 100 Very cosl/effective
4 Noise Ordinance (1) Trueks 0.11 100 49 Cost/Effective ~ in 1980, additional money
thould be spent here next
5 Noise Ordinance t Buses 1.00 0 100 Only cost/elfective in the long term
? é Operational Control Emergency Vehicles 1.00 100 100 Very cost/effective
€
n
7 New Vehicle Standard Garbage Trucks 0.07% 0 100 Only cost/effective In the fong term
8 Mode Transfer Autos, Buses 1.00 100 i00 Very cest/effective
9 Education and Complaint Mechanism | Autos, Motorcycles 1.00 100 100 Very cost/effective
10 Education and Complaint Mechanism | Trucks, Buses 1.00 o 0 Not cost/eflective
" Education and Complaint Mechanism | Gorboge Trucks, 1.00 100 100 Very cost/effective
- Emergeney Vehicles °
12 Education and Complaint Mechanism [Eit::lin Equipment, 1.00 85 & Quite cost/effective
13 Educotion and Complaint Mechanism | Peis 0.48 100 100 Very cost/effective
14 Statlonary Source Controls Fofrgrounds 0.54 0 0 Not cost/elfective
15 Statianary Source Controls Musie Clubs 0.37 0 ] Not cost/effective
16 Builcifng Insulation and Codes All Sources 0.04 5 5 Only c?sl'/clfecrive at high levels of
expenditures
(1) Includes: New Vehicle Standard {except for Autos), Operational Standord, Cperational Contrals, and Equipment Stondard
(2) Fraction of countermeasure costs incurred by the City of Allentown,
bbb — — et ot e e - —— R . e e e e
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in Figures A=12 and A-13 for the years 1980 and 1988, respectively. Note that the costs
shown in these figures are "total discounted dollars, " with an assumed discount rate

of 10 percent. These costs indicate the total amount of money which is needed for

each countermeasure, from now until infinity. To find the equivalent annual cost,
divide these costs by 11, For example, when the optimization is mode in 1980

(Figure A=12), the optimal annual expenditure on Countermeasure No. 2 is 50,000 = 11 =
$4550, A discussion of present value analysis and discounted costs is provided in

Section 3.4 of the main text of this manual.

Pursuing other aspects, two additional Noizop runs were made. Figure A-14
shows the optimum expenditure strategy in 1980 if no building insulation program is
allowed. The same input date and budget are used here as were used in Figure A=12,
Finally, Figure A-15 shows the expenditure pattern at @ somewhat reduced budget (an
annual city budget of $82,000 instead of $123,000). This budget seems to be a more
desirable one for the countermeasures under consideration, since the rate of reduction

in moise impact achieved per dollar expended reduces rapidly for higher budgets.

Discussion of Results

The cost/effectiveness of each countermeasure was shown in Table A-8 in terms
of the percent of maximum allowab le expenditure which Noizop chose to spend. A
maximum allowable expenditure was defined for each countermeasure and supplied os
input information, bosed on practicol, technical, and economic grounds. The
implications of these cost/effective percentages is discussed in the following for each

countermeasure.
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1. Property Standard applied to Garden Equipment and People

Noizop did not choose this countermeasure in either 1980 or 1988, This
is probably due to the fact that noise levels from garden equipment and people
were fairly low compared to other noise souwrces, due to their intermittent

and transitory nature. When the building insulation countermeasure is

eliminated from consideration, some monéy Is spent on this measure (Figure A-14),

but only a relatively mmall amount ($2640 per year).

Implication = A property line standard against garden equipment and people

noise is not cost effective.

2. Noise Ordinance applied to Motorcycle

This countermeasure is relatively cost/effective at low expenditure levels,

but decreases in comparison with other measures os expenditures increase.

Implications - A motorcycle noise ordinance is warranted and will be
effective even if relatively mild restrictions are enforced. This is

becouse a small percent of the motoreycles produce noise levels which are
much higher than the average motorcycle lavels. As o result, even a

simple equipment standard requiring "proper mufflers" should have immediate

benefit, as long as it is adequately enforced,

3. Noise Ordinance applied to Autos

The maximum allowable expenditure was reached, indicating that automobile
noise reduction should be a primary target for the city of Allenfown, The
maximum expenditure corresponds to an operational regulation level of 74 dB,

which is 10 dB lower {more strict) than the present Pennsylvania DOT noise

regulation,
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Noise Qrdinance opplied to Autos (Continued)

o Implications - Allentown may wish to establish chundards for auto-
mobiles more strict than existing state standards. These standards should

probably be directed First at autos which have modified, improper, or
inadequate exhaust systems, A fairly strict equipment standard which
specifies allowable exhaust modifications and minimum insertion loss
values for replacement parts may be very effective in this regard. To
abate the impocts of the general qulemebile population, alternate
strategies must be used, some of which lie outside the municipal govern=~
ment's domain, These countermeasures might include traffic controls

on minor tesidential streets, rarouting cerfnin major boulevards to less

populous areas, and barriers located in strategic positions.
Noise Ordinance applied ro Trucks
* Maximum expenditure limits were reached in the 1980 run, but other

countermeasures were found to ba somewhat more cost effective in |988,

s Implications~ A truck nolise ordinance, parallelling Federal and State

standards, is worthwhile at the present time, but may be deemphasized

in the future.

Noise Ordinance applied to Busas

* While no expendifures ware made for the 1980 case, the maximum

expenditure limit was reached in 1988 since more quiet new buses are

expected to be operating in the fleet by that time,

o Implications - Allentown should consider enforcing Federal bus noise
regulations thot may develop in the future. (Note: Federal

bus noise regulations are still in the proposal stage).
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Operational Controls applied to Emergency Vehicles

* This countermeasure received maximum allotment in both analysis years,
corresponding to a reduction of 20 percent of the time sirens normally
are operating,

¢ Implications - An emergency vehicle operational control should be
implemented which would reduce unnecessary siren use as much as

possible.
New Vehicle Standard applied to Garbage Trucks

& Similar to Countermeasure No, 5 above,

8 Implications - Same as Mo, 5 gbove.

Mode Transfer from Autos to Buses
¢ It was found that the cost to society is less if commuters use buses

rather than qutos, therefore this countermeasure haos a “negative cost",

8 Implications- Commuters should be urged to ride buses through educational
campaigns and increased bus service. A doubling of the bus fleet still

saves society money, according to this limited analysis.

Education and Complaint Mechanism applied to (?) Autos and Motercycles,
(11) Garbage Trucks and Emergency Vehicles, and (13) Pels.
* The rosults for each of these countermeasures was the same, namely, the

maximum allowabls expenditure was reached.

® [mplications - Education and complaint programs should be geored to the
above 5 sources of noise. Increased manpower assignments may be
warranted in this area, compared with the nominal values suggested by
Table A=? above. As with Countermeasures Nos, 2 and 3 above, for

automobiles and motorcycles, the most effactive results can be achieved
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if attention is paid primarily to those vehicles which have modified or

inadequate exhaust systems,

{0, Education and Complaint Mechanism applied to Trucks and Buses

* No expenditures were made on this countermeasure, This is probably
due to the fact that in Allentown, the major truck routes are well
defined, therefore trucks and buses do not affect people as much
near their homes, where people are more likely to complain, as they do
when people are in transit. Similarly, educational programs directed
at bus and truck operators are expected fo change their operational
habits to a lessar degree, and therefore will reduce noise levels to a
lesser degree, than programs directed to more alterable causes of
noise such as accelerating or modified autos and motoreycles, unnecessary

sirens, or barking dogs.

¢ Implications - Little effort should be expended on this countermeasure
other than to support, ina general way, existing State and Federal truck

and bus noise regulations.
12, Education and Complaint Mechanism applied to Garden Equipment and People

® Changes resulting from this countermeasure typically cost less money
than changes caused by Countermeasure No. 1, which deals with the
same noise sources but may require equipment substitution to meet the
regulation. In contrast, education and complaints act to achieve nearly

the same ends without large expenditures,

* Implications ~ To reduce noise from garden equipmen! and people in the
most cost effective way (1) people should be educated as to the effect
of their (and their equipme nt's) noise on others, and (2) a means of

complaining about annoying neighborhood noises should be established.
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14,15,

To assist officials in enforcing the reduction of these "annoying noises", as ¢
practical mattar, a property standard such as Countermeasure No. 1 may

be needed, but the |atter should not be implemented in isolation.

Stationary Source Controls applied to Fairgrounds and Music Clubs

No expenditures were made on these countermeasures due to their hransitory
and isolated nature, Thot is, in comparison with more continuous noise
sources such as autes, their average sound lavels (Leq) were low. (Note,
however, that noise levels for these two sources of noise were estimated

without the aid of noise measurements from the acoustical survey. )

* Implications ~ No substantial noise control activity seems warranted for

these two noise sources.

Building Insulation and Building Codes

® Only a small portion {5 percent) of the total possible expenditure on this

countermeasure was made, since only 5 of 20 possible calls received
insulation and the cells which were picked have small floor areas, How-
ever, the effort required fo insulate these cells amounts to almost 60 percent
of the total cost tosoctety ot the budget level considered. At lower

overall budget levels, such os the more desirable budget usad to generate
Figure A-15, no expenditure on building insulation is made by the computer

program.

Implications - A building insulation program should be initicted only if

(1) the public is willing to help pay for improvements to their own homes
(note that as shown earlier in Table A-?, the city is expected to incur only
about 4 percent of the total cost of this countermeasure) and (2) a high
degree of expenditure on noise control is desired and possible, If a

building insulation program is desired, the noise optimizations for 1980
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and 1988 indicate that the following areas deserve initia! attention:
1. Residences near Hanover Street (cells Bl and B3)
2, Residences along gorbage truck routes - Bayard Street and Roth Avenue

(cells R5 and R7)

Reduction of Noise Impacts Due to Expenditures

Figure A-16 shows the relationship between cost expendifure and percent
reduction of the noise impact index” for the 1980 Allentown analysis, This relation-
ship clearly indicates that after a certain point, the cost of additional benefits is
much higher than before. This point corresponds to a total discounted cost to society
of about 1.1 million dollars, equivalent to an expenditure of about $100,000 annualily.
The associated discaunted cost to the city of Allentown (from now to infinity) would
be about 0.9 million dollars, or about $82,000 annually. This represents about o 30
percent reduction in the presently anticipated Allentown annual noise contrel budget,
indicating that in the future, a somewhat reduced budget for noise control could be

acceptable from the cost effectiveness standpoint.

L
The Noise Impact Index (NII) is a measure of the impact of noise on a community,
A threshold of impact (NII = 0) is defined for each lond use type for both day and
night notse levels, and a complete impact (NI1=1,0) is defined to be 20 dB above
these threshold values,
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and Reduction of Noise Impact Index In 1980
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APPENDIX B

VEHICLE STATISTICS COMPUTER PROGRAM
(VESTA)

This appendix describes the operation of VESTA, a computer program for truncating
a normal (Gaussian) distribution on the tail of the distribution ond redistributing this truncated

portion in another Gaussian distribution among the remainder of the distribution.

The program is written in FORTRAN V and was developed and implemented on a
UNIVAC 1108 operated by University Computing Company (UCC). The basic concepts
underlying the computer program are described in Section B. 1, input data preparation
and a sample output listing is described in Section B.2, the application of VESTA to four

types of cbatement measures is described in Section B, 3, and a program listing appears in

Section B.4,

Bel Basic Concegts

VESTA provides estimates of the change in the energy-average noise level of
a noise source population as a function of time. These changes may be caused by
regulations applied to either existing or new noise source populations, All noise level
distributions considered by the program are Gaussian, The impesition of a regulation
causes the upper tail of the distribution to be truncated at the point corresponding to
the regulation level. The portion of the population that is truncated is redistributed into

another Gaussian distribution below the regulation level specified by the user.

The Gaussian distribution is a continuous function defined by the following

probability density:

e
N{Xp,o)=
SR
where

M is the mecn value of the distribution,
o is the standard deviation of the distribution.
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The cumulative value of this distribution up to a point, X, represents the
fraction of a source population which produces a noise level less than the value
specified by X,

A change in the mean energy-average population noise level is brought about
by truncating this Gaussian distribution at a specified noise level the value of which is
determined by an operational standard or a new vehicle regulation, Truncation trans=
forms population noise sources above a regulation level by redistributing them normally
about a lower mean, The overall effect is to lower the population mean and sub~
sequently the fleet average Le ¢ symbolized by %9, A pictorial presentation of this
truncation and redistributing process is shown in the main text in Figure 3-10 (page 3-35).
Notice that not all of the source population above the regulation participates in the
redistribution, This is due to the compliance factor which measures the percent of the
violating source population above the regulatory limit which can be expected to comply

with the regulation after enforcement efforts have been made.

The regulation (or truncation) then separates the vehicle population into three
parts. The first part is the portion of the original distribution below the regulation limijt.
The second part is the fraction of vehicles induced to lower their noise level, The third

part is the percentage of those vehicles which are in violation of the regulation and do

not lower their noise levels.

After the distribution has been divided into these three parts, they are combined
into a new distribution with a new mean and standard deviation which represents
the complying population. This new mean and standard deviation can now be used as
parameters for a Gaussian distribution, Once the Gaussian distribution has been defined,
the L%9 can be calculated from the formula

e 2

]9= u+ 1150 , dB

where 4 and g are the new mean and standard deviation, respectively, of the

combined distribution and the constant 0. 115 is (1/2) (in_ 1%y,
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A distinction needs to be made between the two classes of source populations
which are treated in VESTA. These two classes are the existing population and the
newly manufactured population.

The existing population is comprised of all noise sources which are already in
operation. These could be, for example, all motorcycles in the United States which

are on the road. The newly manufactured sources could be those motorcycles just

manufactured, and possibly regulated by law, which will begin entering into

the existing population.

These two classes of normally distributed noise sources and their interactions
are considered in computing the changes in the energy-average source population noise

levels as a function of time.

The interaction of the two distributions, existing and newly manufactured, is

computed by the following expression for the ensembie energy average noise level after t years,

L33/10 X Lo /10
B9y = (1-n)f - 10 BT+ 01 = (=) 20 N . dB

where t is the time in years since the new vehicles began entering into the fleet, and
r is the rate at which newly manufactured vehicles replace existing ones.
L%9 and LY are the fleet energy-average mean levels of the existing and newly

E N
manufactured populations, respectively. They are computed from:

LT = .115052 , dB

eq _ 2
LN #N+.1150'N , dB

where H and O are the means and standard deviations of their respective population

distributions.
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B.2 Input Data

This section describes the input data to VESTA and the associoted code words
used to enter this dota, There are five such code words; each appear in the first 2, 4,
or 5 columns of the card and are the only meaningful characters appearing on that card.

Card columns 7 through 79 of o code word cord may be used for comments.

1. DIST)
2, REGI
3. DIST2
4, REG2
5. GO

DIST1 .~ This code word precedes the data corresponding to the distribution of the

"existing population.” The characters DIST1 appear in card columns 1

through 5,

On the data cord that follows, (1) the mean sound level of the source, and
(2) the stondard deviotion of the source distribution, are entered in free

format (i.e., separated by ¢ comma).

REG1 =~ This code word indicates that the following data card will be applied in
conjunction with the existing distribution which was either initialized by
DIST) or is the result of the lost GO command. The necessary inputs are: (1)
the huncation or regulation lavel in decibels; (2) the mean value in decibels
of the redistribution; (3) the standard deviation of the redistribution; and

(4) the complionce factor in percent, These data ore also input.in free format.

DIST2 ~  This code word is used to initialize the newly monufactured noise source
distribution, It plays the same role with the newly manufactured vehicles

and associated inputs as does DIST1 with the existing source population.

REG2 - Same as REG) except truncation ond redistribution are for the distribution
which was either initialized by DIST2 or is the result of the lost GO command.

[y
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GO - Thiscode word indicates the the information following will specify for
- how long (years) and at what rate the previously defined distributions
| will interact. Using free formot and starting in card column 1, enter
. the rate at which newly manufoctured vehicles will be entered into the
flest (i.e., turnover rate in percent), followed by the number of years

~ you wish to allow the two distributions to interact.

The printout due to each *GO" command gives information in various

E et
column:, some labelad "LOC" or "CUM." LOC means "local" which
— means that values given are local te this GO command, CUM means
. "eumulative® which means that values given are cumulative from the
- last DIST1 command.
e Figure B-1 llustrates o sample output listing from VESTA. The example shown
jos imposes an 84 dB operational standard on motorcycles. This figure should be examined
i - - - - » - - - -
' in conjunction with the obove discussion to explain the various input data,
fus
" 12+D[8T] == “LILFLED »OTUWErILES LLtis CUPLTANEE)D
!d‘ wgaht 91 .00, SidWD.CEv,s 5,350
P 2-entEl  w-
4 TRUAZATTION AT B30,.00 OB, WEDISTRIMUVI JONG
i Mphiz B0.00. BIANGLUEV.® 2.0V, CUMPLIANCES 82,0 PERCENT,
re 3eopiS12 o=
va PEANE 78.50, STAND.OEY.E 3,70
AssREC2  w-
I 4
TRUNCATIUN AT 84,00 Db KEDIBIRINWIIUN]
. SMEANE DO0.0u, STAND.DLY,s* 2.00, Cuwilascte 82,0 PERCENT,
-y
i Sesiy  ee
[ 3
tukhUYIR #ATEE .0 PENCEN], NUMSER OF TIME MEWIUSSE 1
ey
: 1wt LEQ LEG FRUBDAT Tun OF
yrnf BLR1Dp ND HEU w]in RFC WIFFERLHOES EXI3TING BOPULATION
LU Cu LuL Cus  LOC Lum
o ] v Au,23 B/,55 8.0% .69  J00,00  100.00
. 1 ) L2 1 087,20 [ TL LI Y1 | 41.00 1,00
e COPBINED OISTmInulLUv UF SUUNGES XISTING A1 END OF LABT TIME PERIDD:
PLALE Dd.d0, BTAsD.DEY.E b, U4
COssInD ®Ee veRICLE DISIRINUIIDNS
ALALE Pu.lN, ETANU,DEV.® 4,20
Figure B~1. Example Output Listing from VESTA Illustrating an 84 dB Operational
p
: Standard for Motorcycles

[
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B.3  VESTA Tax Measures and New Product Regulations

The application of VESTA to four abatement alternatives which reduce noise

emissions at the source ore considered here. These alternatives are:

1. Property Tax Incentives

2, Business Tax Penalties

3. New Product Regulations

4,  New Product Labeling Requirements

Similar methods are used to estimate the noise reductions obtained with each alternative.

(1)} Each alternative affects new products only — a noise reduction does not occur unless
the acticn causes an old noisy product to be replaced by a newer, quieter one. (2} An
estimate of the noise reduction achieved with each alternative in this group requires
that information be gathered on the present distribution of noise levels, the fraction of
the source population which is modified to produce lower noise levels, and the degree
of modification {noise reduction) which occurs. (3) Finally, the effectiveness of each
alternative in the group is highly dependent upon the willingness of either the customer

or manufacturer to pay for the product modifications desired.
If any one of the above four alternatives is to be considered, then gather the

following information:

Item 1 Mean and Stondard Deviation of Present Noise Levels Produced by the Noise
Source Population Under Typical Operating Conditions

These levels should be measured at a standard distance and stated in terms of Leq
over a specified time period. Combine these levels into o histogram and estimate o

Gaussian distribution curve to the histogram. An example is shown in Figure B-2(a}.

Item 2 Noise Measuvrement Procedures Which Will Be Used as the Basis for the Tax

Measure or New Product Regulation

The manner in which proeducts are to be measured greatly influences the type of

modification or repurchase which occurs. A measurement procedure must be established
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which determines whether or not a given product complies with a regulation or qualifies
for a tax break or penalty. This procedure may be the same as that established for
existing products (Item 1), In the case of new product regulations, however, the
measurement procedure is usually designed to measure the maximum noise levels

which o product will generate. The new product regulation then specifies a
suitable limit for this maximum noise level. Changes in design required

to reduce the maximum level of a given product to a level which complies with the
regulation may not couse an equivalent reduction in noise levels measured under typical
operating conditions, although this latter reduction is typically the desired goal. This

fact must be kept in mind during the development of a new product noise measurement
procedure.
Item 3 Mean ond Standard Deviation of Present Noise Levels Produced by the Noise

Source Population Measured in Terms of the New Product Measurement _
Procedure (identified in Item 2)

Gather this information only if the measurement procedure identified under _
Item 2 is different from the procedure used to measure noise levels in Item 1. An

example of this distribution is shown in Figure B-2(b). _

Item 4 Mean and Standard Deviation of Present New Product Noise Levels Measured

According to the New Product Measurement Procedure

To a first approximation, the distribution of noise levels produced by new
products coming off the assembly line before any new product regulation, incentive,
or penalty is established may be assumed to be the same as the distribution of existing,
old products identified in Item 3. If it is known that new products are actually quieter
(or noisier) than older products, estimate the form of this new product noise level distribu-

tion and find its meon and standard deviation. An example of this distribution is shown

in Figure B-2(b).

Item 5 Determine the Cutoff Level for the Incentive, Penalty, or Regulation

Establish a criterion level which will determine which products qualify for tax

reimbursement, which products are to be penalized, and/or which products are in )

8-8

e ———————



PSRN VW W WSl

TR

violation of a new product noise standard. In addition, if labeling is to be required for
new products, it may be desirable to establish a cutoff point so that products exceeding
the cutoff are labeled in one way and products which are quieter than the cutoff are
labeled in onother way. If two or more types of regulations are going to be applied to
a given product, use the same cutoff level for each regulation. For instance, an
incentive which applies to products emitting less than 70 dB at 15 meters would be
complemented by a penalty which applies to all products emitting more than 70 dB at

15 meters.

Item 6 Mean and Standard Deviation of that Portion of New Products Which Are Expected

to Be Modified in the Future as o Result of the Regulation or Tax Measure, and the
Fraction of New Products Which Are Expected to Be Modified

The distribution of new product noise levels identified in Item 4 will be modified
by the abatement measure being proposed to a degree which depends on the strictness of
the measure, Estimate the distribution of new product noise levels expected in the future
by completing the steps described in Sections 3.4.12, 3.4.13, 3.4.14, or 3.4.15 {of

the main text of this manual) depending on which type of measure is being considered.

Oncee ltems 3 through 6 have been gothered, the reduction of noise levels measured
according to the new product measurement procedure can be estimated using the VESTA
computer program for each of the four new product abatement measures: tax incentive,
tax penalty, new praduct regulation, and labeling. The desired output is given under
the heading "DIFFERENCES, " indicoting the difference between the population-averaged
noise level, Leq’ with and without the abatement measure under consideration. Difference
values are provided over a range of years from the time the measure is implemented.
Identify the oppropriate year based on the target year selected in Section 3.2 of the main
text, and note the corresponding L°9 difference value. This difference may be assumed to
represent the reduction in the noise level of the source in the community, os long as the
new product measurement procedure developed under Item 2 above is an indicative measure
of typical operating conditions. If it is not (as is often the case), a further item of

information needs to be gathered before the noise reduction evaluation is complete.
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Item 7 Relationship Between Noise Levels Produced Under the New Product Measurement
Procedure and Noise Levels Produced Under Typical Operating Conditions

In many cases, a new product measurement procedure is designed to elicit
maximum noise emissions under an operating mode rarely encountered in the real world.
A test made under maximum throttle is an example. However, usually the test mode is
representative of some aspect of production operation. For instance, maximum throttle
is representative of the acceleration mode of ¢ vehicle. Estimate the fraction of time
engaged in this mode. As a first approximation, the reduction of the average noise level
produced under the acceleration moede may be assumed to be equal to the 1°9 difference
found by the VESTA program, although this is often an overestimate. Other modes may be
unaffected by the reduction in noise produced under the test conditions. For instance,
noise levels produced under idling conditions are not affected much by acceleration
noise level reductions. Estimate the froction of time typically spent in these unaffected
modes. Finally, the remaining modes of operation, affected to an intermediate degree,
must be considered. Estimate the reductions in average levels for these modes, noting
that the noise reductions in these modes will be less than in those that are similar to the
test procedure, but will be greater than zero. In the absence of any other information,
assume the noise reduction varies linearly with ongline pm from zero at engine idle

speed to the maximum value ot the engine speed for maximum throttle.

After these estimates have been made, estimate the total average noise reduc~

tion for the noise source in question from the following equation:

m (Li - ALi)/ 10 5
AL =10le t, 10 rd
o =108\
where

m  is the number of operating modes,

t. is the fraction of time spent in the ith mode,

L s the original noise leve! of the ith mode, and

AL is the noise reduction of the i”'l mode obtained with the abatement measure.

-
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B.4  VESTA Program Listing

THlS PrRUGka= ALLUKS TRE lwveoTlGallOw UF Irk CHANGE UF BLUIVALENT

ulblirlnuljuwe AD SFELLIFIELY bY [HE UbEH,

[alalalaReNaNal ol

ITWPLICLY LULYCAL L)

DIMEHRSLUN TLlRLS v TIHLEY p12H () 0021 (2), 41t 2),212n{2)A(6),
ViCunk w5, 0 1T fle)

vhla JLbubw s "HEGT YatREL2 Y, 60 'SYO1511 ','D18Te '

C ASS[GYWEN] JE InEVTEAL ANU DeFAULT VALUES

1Ti(l) =0,

Tin(el=.1

all=1uou,

v[iHCY )20,

reinters i

len(l}zn,

1én(d)=z.1

rlg=1u00y,

r1émti) )20,

rlentdl=, t

Li=eFaLbE,

Léd=FaLSE,.

LHdnEe=, THUE,

RED
C
C kgaph & Clubery Luw CowWANL)

el Reubto,lu,eno=3)]u, TITLE
P4 Fukra] (bp, LeAb)
AZRT]

Ly 15 L=1,9%

=]

JF{lu.eW, lLubERLiI)Iuy TU Yo
ta CUNTLNUE

wRl (Lo, 17)1U
1/ FlUrmal ('UsabRRUKT "sh00 ' 15 A9 UnRECUGHNEZABLLE CLUERURDL')

Lulu 3

16 TF{NsZW )ik ] lEib,592)
be FUesmAT ("1 ,79(t=1))
AL TE (o2 )m JLIVEW L) S TDTLE
2¢ FUKMAI L/ A =nt s ho, ==t 25, 1200/)
IF(lvaEU4)anllELlo,D3)
54 FUkmal L 1, 790t=))
C
L vrRAGLHES ALCunruliG Tu SELECFLU CULEADRD
G Tul g, 19, 23l 82) 10
C
C READD & REGULATION 1 AFPeCTIvG 1Mk '"ZXLS113GY SUUHCES
1 wbaulasburbbuzuaxilerilrall
30 FUn#al()
wHETE (o d0)x11,YT 1Ry
IRl )uul 59

B-11

PUPULATION NUOLSE LEVEL A5 A FUNCTIWUW OF TIME AND wEGLULATTUNS APRLIJED

TU b6y "EXMISTINGLY Ao A "sbEwt RuPdJdL AL UF WUl SE SUUKCES. ALL NULSE
LEVEL DISThIBUIIUNG &rE Ldwhoig, HEGULATTuNS Causk FHE UPPER Talu 0OF

IAE WISTHEIAUTION TL re Jhuskalel. THE POrT LN DF IHE FUFULATLON THAT 18
TreuwGaltiz 18 aLtUstds T b wEDESIRIMUlEY ACCURD LivG (U ANUTHER HNORMAL



C ann i s e R e

e A LA AL LTIV IV R T

oouohy 36 FORMA T CTIL, P phulnCallun a1, boe.dy! Dd. WEDISTRIDUTIONE '/

UuQuel tT1l ' mEans s rbade's SIANL,OEV.S ' pF0.2r' s CUMPLIANCESsFbalr

uouygel +' PERLENTLY) —
00Qued Cy=Ciz1ve,

UU00b S GO 0 21

Ulyued C

ViQUeS C KEAUS &1, "EANISTING' SUurCES DISTRIGUTION (1)

LlLueo 51 MEsL S s, b np=a) IR

yuyub nrlieie,sdsrlln

Gubvod is Filmm& [ (11}, "MLANS s,y 'y STAND,QbV.E',Fb,2)

Uuyouo? Liz.lkuk, -
uyet0 LuaSbz . IKJE,.

GuonTt LUIy 21

e/ c

Qugursi C REAQS & *New' SuunlLES UISTRIsyTION (2) —
QuUyg Ty iz rhul(Ss 30, EvuEa)idn

VUGS nHITE(Rs53)12H

ouho/e Lz TRUE,

vbygul? GUIu 21 -
Uuuwole C

voupity su HEFREN R PRLY!

vuulbsy 55 Funst | (10aa phkIr: GO mMUST mbk PRECEDEL @9y ATLEAST ONE!

ubgusl /01l 00o01 Lk wl1SIe CuMmlnwb.') s
ulguyd GUle 3

Uububs c

VUG HY C WEbpy A whoulslluiis AFFELILNL THE 'dEa' SJUACES

uuyunD 1Y% mEAUUY, 0, LivR) sl2,vign,ie L
ULhuno willbte,do) rleryien,Ce '
uugie? Ca=zCe/1Q0, f
Hlyuss TPl il iLgluein dy

ulygay PO IV S | s
vuluwy 39 Aadlinleedl) ‘
udyuyl 4l Findrab (fune Erkure: nzGl MUST nE PRECEDED oy BIST1,.Y) t
vugude Luiu 5

Juubss aq Aan]leio,de) san
tuubed ug Funai) ('yas phidny kLZ WUST vk PRECECED Y DIST2.')

voULYY CGiu S !
Ouguye C

vbpuw? C LLUMES mbwk BUr U 'bu' CoUEWURD, KEAUS TUuRNIVEW HATE AKND NUMBER OF b
uugl9n c Tive PERIOUS, ‘
gugusy 20 REALID AU EADSAIULIN v
Guyluo LRI AN-IFRYD TP

woulul A7 FOrmal (TEY s Y TURKRUVER wAlE=',Fo,l," PERCENT, NdMbeR UF TIME PER]ODS o~
uvoplue +x',138)

0001us Usu/luv, v
uuoIuY IFCLAOT (Ll URLLg}ILUIL 3u

Guul oS nnlittio,2d)
vduive b FUnul LA fas i let, 119, "LED 2 T3, "LEQY, TS,

uunlovy t'PROPUR DA GE /1T PERIUO 117" ND kEL Y, 124, ' alTH KEGY, "
voylue +TUU, "DIFFEREWCES 5§95, "EXIS AW PUPULAT [N/

ouuluy * LUC Cub'plau, Lol du, 'Cum' iaa, "LUCY, TS, "Cum' /) -
Juuiio C

uguitll C k1l = fulSk LKRENGY Fhut EX1S!IInt S0uxCeES DISIRIBUTIUN )
oluise CEZd = LoblSt robhuy Frue rUTuUbE /BN SUJIRCES J1STHIBUTION

IO ER] C EYI = higjit EobEwLY LuNinloniluny Fads THE EwJuCAaTEL PLKETLION OF THE e
uoul i C EAISTLnlt SUUKLES .
vuvlls C EQF = nulSn EXENLY Fru¥ Inb JRUGLATED Puslldy UF 1ok FUTURE wiEe SOURCESS
udlile C EIF = K{IISE embwGY Fhpieo L2381 Ive SUJRCES AFTER wEGULATIUNE CLUVS1ISTS UF
oyt [ IrxEt LUKIRIBUTIURS: FPU~T1Wn LEFT AFTE- THUNCAT}IUN, NUNLUMPLYLING™
ouulle [ PUR IO spuvk IWUNCATEON POl REDISTRIBUYTED CUMPLYING PURTIUN,

B-12




T MUY SAVAWY 00O

NEw SUURCES AFTe® REGULAT]ON.

vubgLle C kYR = nULSE ElLRRGY FRUM FUIURE
ol uuglao C
! uplzetl EL1=ESDITIH,=14,V)
vuoiee EdsbolLiildn,=1.sd)
uuules IFLxil Ll lovtJL0 TU Lo
past toylad ell1=t]
: uulles Piz1,
Ubuleo Einvs, 0
uuylel U lu 1
po uiylés L
uoylay e B1Tskoulifnesxii,FL)
Guul o EIHLEESOIvTIIh, XT1,U)
uull sl L
o Uuylde Pl LFIXTA.L) L Ju00,)60 Tu 12
; JUulas Eei=te
Guyl du Fdzl,.
[RTIVE Y EARNZ L0
fn Y- LU 10 1S
. LUYL AT C
LUyl as 12 EdizstSullédn, xlg,ke)
Uuy|] sy (L UET VIR RIS R -FITy)
= uuGluo C
‘o yuuldl 15 ElnSrlacbietle=Plln LisEimd+ (1 =Cl)a(EL=PInELT])
T Ubylue Echzbaabdltil =P2)s Lerrdmrit{l=C2)nld=P2rb2T)
udiju g C
and [FRVEVE RN L CabLwualfe worgLlalluvy Zeulvart AT LEVELS #1010 &y wlTruul KEGURATIONS
uyles S531a=a
' Uuuldo IFtehulalnase toblu 51
vuulual I I
et Ululue 24
ir" vhiuy 51 MNT 1.
Jiuisu wHIZw
(TR -1 C
ot Yuulse WUl 120,4,1
i‘ vibruind P16}
[T -3 RoEIRLUAALDGIUIwAE L+ (] =adnE2)
(TR R3] I (it olbnabE) LU 10 S0
et tudlvoe Sastlazklbi
v yup197 LuAbE=, rALIE .
Guulbse U RLEGF210, 44LLG I ULARE L () o =8)AE2SR])
gugih9 DELLEWERLED=RLE WK
i vUglel VUELUSeASELII =KL EUK
N vuuiel anlitloresrlslFohLbymtbur, OLLLEW, TRHELW d #wP
e 0U0)o2 25 FOKRAT UL, 90 @FL1.2sF 0, 21FT.2¢2P2F9,2)
Uuidles ViSany
" wuuled 1 APZAL A
P voerles c
vigloe wC=nCmw/S
Ouvief LC=iC+N
e Uudles Lhtabl,ul lvua)sl T ée
b GulioYy [ARLISREIRY .38 ]
oopl7o ZIint2r=11K6(2)
et Ly Tu 2!
~ yuotle c
;j QuoLTS b all)sClL
Uuylfd sile)=rlid{))
U1y ats)=riinted)
e vl lo atd}sling)
o voos? s Al9)al1H(2)
vvol e alo)=all
—
- B-13
-

e —— e —————



TR RRONY v ddae)

ouQ179
Ouylev
LUVEINY. B
oov18e
Uuyuss
Ouyley
guyleh
vullbo
Uuglie/
[SEVIVRE-T.
Ouulue9
ULl
Uyl
uuoi9e
[FEVER R Y
Duulqd
vuL19b
vuyive
vuwly}
[FRUVER X.1
[T
OJuevu
Quugul
vbugue
Guvedv s
Uluéus
viluéus
Uuuegut
Ulveu i
vuugye
Uy
yyuelw
uvuell
bivetd
uuuel 3
Quudla
uvudls
Quuélo
vlboel /
Uuveld
upugl e
uuygeu
quyeel
vgueee
dulees
vouéea
Vuldes
Ynoeco
Ulueel
Uuueesd
vpuaeay
Joueso
Guuest
vuugse
Uuuess
uuoé 54
unue Ao
Yuveé de
oubed?
vub2le

i
]

AT 5l a7 ik o b it e 8 S b e A St e

c

sy

nrraoo

et

2u

24

CALL MUSILLZTIHCI} L IHEZ)  A)

IFExteg L1.3000,) GU [0 28
Zlantl)=7én )
Zieni2)=T7er( 2}

GU Tu 29

at1a=Le
Arelzrien(l)
a{slsyTe¢nled)
a(a)slen(l)
alhlisren(d)
Alb)exig2

Lult vuslitZientll,2i2n(a),a)

IEISREIY VAR ISREEAS RIS EFEFLISD)
Fimtedsma(ztinmigasdilot 2201l )L 1H(L))

LRI Inie v (1m0t s LT 2R i1 a2 T2A0L )+ 2T an(2)a2T2H{2) ) =T1rH(1)a42

TEtHLE I Saun LT LiniE))

xI1=1000,
Yrireljicu,
Ylingel=s,1
x12=1u00,
1ient iz,
Tiéntdls.l
1AL )aeTent )
ieght2lsllent?)

sl vt dulesilldm, =1 0a))
UlsivesalUololbswlilne=1,00))

A IRWERB IR EIUEL I8 LM

Tgntedilentd)=Uld+lu. *aLULIU{E2H)

L1sslnrUE.

willeto,sn)Tin, fdh

FARwal (27111, 'CUMRLGEY DESIHIaUT Y JF SJUICES ExisTING
+AS] Tiwe PeilLL /119 teednz! ,Foudse !y
+111, "Curm nED mew vern)CLE OLSImIaul Uyt /b, "MEANEY ,Fa.2,

', SIANDUEVY.E'yb0,2)
Gu Ju 21

CaLl Ex1T

AR11e(b,25)

FURMAT L' UK abERHLKE UNEXPECTED EOF

Gu TO 3

Punc i Tun ESDUIHATLP)
DI-ELslith 1nte)
Pala wLIMZ /U, 25029057

LFEXT L LT,0.)060 TU 4
ParwUAml (X l=10(1))27inud))

B-14

O UNET 54Y)

[

iy

AT END OF L
STavbaubvez!sFo.2/ '



e St e o

TTT T orTYRAE AW il

guuesd 4 ESuslUaa((TRrLLI*TH{2)ATHIZIARLNLZCL)IZ10,)
uuleuu IF(XY L1, 0 RE TURN .

- bpoeut ESDEESUsuNURNL{AT=]HI1)=TH{2)eTH{2)aRLNZI/TH(2))/P
vuvlud c
poocus RETUKN
vbdéuy C
- Ditdub L
: JUlbede C
vy C
tluy SURKUJTINE MUSL3( 99, 516,8)
i Budeuy HE AL MUpdlbastbl,anenkUnt, Pl C2rLENL,LENE HEY FIN,E,FAC,U
) yuoevv DAIA Plz5,1415%/
ryueal C
Ulhuene Avalblo)=3L0))75(5)
- youéss EFRAFL=,OnAnnad)
youesd Cezl,.u=85(01)
vuUéas Pz, u=KAURM(AK)
vuoédsn FAC=S(1)a3{5)/78unT(2.0%P])
- ugieor Usla=Fatleakn
) vuuens VUzkuaa{1)e5(2)+8(d)ayu~FACKE
' ubueay LERI=S ()b S)nn
Youleu LEhegsSlupangenibjan
- Yuuéol AEVvE3lodeslu)
, wouees SIG=LE w148t )AaFveLEneg*xUu=FACAREy AL aMykng
N ulludo $ Slbzsanl(slG)
Jiuegnd C
- Juuées . AR
vduepo ENUG
b
~—
!
Vni
1ot
erd
st
e
i
” B-15
I
ey

5o b s b AT et




T By svaww -ty

Quuuul
oGuoue
ugugus
000004
Yoouus
Jouyub
vouuu/d
vbluue
Yyubud9
Jyululiu
duuull
Quyul
Guoul s
guduly
JUuuls
Uuulilo
Ounuly
GUuilo
vougily
udguze
ulduyuel]

FUNCTIUN RNURMLX)
VIYERNSION ALT)
Daltafhe}) s iz, ThretusUnsnb=u, . 270o907dE=4,.19280143E~5, ., 9¢705272E-2,

JoU22ueD1 25>, TubesuTnde=1,1,0/

C--—----q-.--—-—------------ ------------ - P e LT T e,
C TD CJeRrutte & mallunds FUusTianw  APPeIXIWATIUN 10 TRE NOIImAL
L visTalipul luk

(mevmemmmmmem e e e
Tzanhlaxl /) 4ldel dhe
HAvzY .0
RU 1 I=st,7
RuUrbSmyURia Y441 ])
Cull uvewFL{lntC1)
1F(luollbEull) GL U 3
1 Conlnue
Rz, Sa (¢t JLO/RNORM) ka2 ) xa2)xa2)bng)
e 1R {X,0l 0a0) wivurrElU=nNOHM
WEJUNN
5 HWNprmR0,0
wu Ty ¢
ENU

Attention is called ta line 13 above which calls for OVERFL{INDCT}. This isa
routine, defined as follows, fo test and reset arithmetic overflow indicator,

CALL OVERFL (J)

1 if overflow indicator is on,

J {integer)

2 if overflow indicator off.

The arithmetic overflow indicator is set on or off by fixed point adds and subtracts and
may be tested and rest with this call. Reference: University Computing Company,
"V=1108 Executive System,"” UCC Publication 3025, updated periodically. If such

¢ routine is not available in other computing systems, the user of VESTA should write

a subroutine OVERFL which simply tests whether the value of RNORM (line 12 of .
FUNCTION RNORM) has come close to the largest real number that computer allows.
Alternatvely, the user may simply elect to delete lines 13 and 14 from this subroutine

if it is not expected that numerical range problems will eccur.
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4.0 SELECTION OF OPTIMAL ACTIONS

4.1 Cperate Noizop Program

i
The user of this manual should be familiar with the full Noizop User's Guide™

and Appendix A of this manual before proceeding with this chepter, The remainder of

this section briefly summarizes the basic procedures necessary to use the cost—effectiveness

optimization model.

4.1,1  Assemble Input Datg

A listing of the input data required for the operation of Noizop is given in
Table 4-1 along with the corresponding section of this manual and the Noizop User's
Guide in which they are discussed. Some references ore made to Appendix A of this
manual where the input data item is applicable to the enhanced version of Noizop

created for this manuval and is not discussed in the original User's Guide,

Mast of the technical input data (i.e., noise levels, countermeasure definition,
cffecliveness, and costs) are developed in Chapters 2 and 3 of this menual. Miscellaneous
specifications such as titles or option indicators are fully described in the Noizop User's

Guide. A number of items have been supplied with default values as Indicated by the

foctnotes in Table 4-1.

4.1.2  Obtain Cutput Results

The main output which Noizop provides is a list of total expenditures
recommended for each abatement measure. The amount of expenditures for each measure
depends on the total budget available. The recommended expenditures on each measure
are displayed as the optimization process proceeds in discrete steps. At each
step the total expenditure is broken down by costs to the local government ("User Costs™)
and costs to the rest of society ("Total Costs"). The total budget is thus society's budget,
not the local government's budget. The costs at each budgetary step are accompanied by
the associated Noise Impact Index (NII), which is a measure of the adverse effects of noise

on people in the community. The NII Is decreased in an optimal fashion as more and more

money is allocated to the countermeasures.

4-1
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Table 4-1

Summary of Input Data Required by Noizap

Noizop Input

Section Where Input is Discussed

User's Guide?

This Manuol
). Whether or not an ouxiliary print file is desired, ond if so, the R 2.0
Fortran legical unit number,
2. Atitle for the data set, — 2.0
3. A title For the job deseription. e 2,0
4. Titles for sources and indicators. e 2,1
5, Array of source contribution indices for the baseline index, e 2.1
6, Input Data for Community Cells,
a.{l)  Disposition of echo input feature . —_— 2.1
b, Whether or not canstant indicators are baing input. e 21
c. Zone number, 3.3.1 2.1
d, Cell number (including day/night indicator), 3.3 2.1
e, Cell poapulation, 3.3,2 2,1
f, Cos! to relocate cell, 3.4.9 2.1
g. Floor orea of each cell. 3.3.4 2.1
h. Lower criterion level, 1.2, A.2.1 2.1, 2.7
is Land use type. 3.3.4, A2 2.1
i- Ly ond L_ for up to 20 sources, 2.4, 3.3.3 2.1
k. Countermeosure indicators, A2, 2.1, 2.2
7. Countermeasure Definitions.
a. Countermeasure Title. _— 2.2
b. Countermeasure Type Number, A2 2,2
c. Affected Source Number(s), — 2.2
d, Countermeasure Indicotor Number(s) — 2,2
B. Cost Functions for Countermeasures,
a. Title for Cost Function. —— 2,3
b, Feasible Fange of Countermeosure Variable. 3.4 2,3
a. Intermediate Values of the Countermeasure Variable and 3.4 2.3
Corresponding Costs:
9, Path-Recelver Countermeasure Input Data.
a. Soundproofing.
{1} Title for soundproofing Input. _ 2,5
(2) Path=Receiver countermeasure option override array e 2.5
(3) Three decibel levels of soundproofing reduction and 3.4.7 2.5
associoted costs per square foat {residential).
{4) Like (3} for nonresidential . 3.4,7 2.5
b, Barriers.
(1)(3)Disposition of nonexistent ccll printout option, — 2.4
(2) Title for bariter input. —_— 2.4
{3) Barrier effectiveness ratios (high and low barriers), 3.4.6 2.4
{4) Borrier number, —_— 2.4
(5) Cost of cach high barrier. 3.4.6 2.4
{6) Cost of each low barrier. 3.4.6 2.4
{7) Primary cell identifier {zone and number). 3.4.6 2.4
{8) Barrier attenuation at primary cell (high ond fow). 3.4.6 2.4
(?) Secondaory cell identifiers. 3.4.6 2.4
{10} Bairier altenuotions at secondary cells (high and low), 3.4.6 2.4
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Table 4-1 {(Continved)

Noizop Input

Section Where lnput is Discussed

Manual

User's Guide?

10, St

oo

Ta mo oo

tlonary Seurce Countermeasure Input Data,

Title for Countermeasure Data,

Stotionary Source Countermeasure Option Override Array.
Stationary Source Number,

tMinimum Source Level Reduction.

Maximum Source Level Reduction,

Cost of Minimum Reduction.,

Cost of Maximum Reduction.,

Cost to Eliminate Nighttime Operations,

Cost ta Eliminate Scwce.

- 4 e e s s
- « e
(O da it ot et

Lo N N N

MR RNPORND NN
[0+ 0« A+ s s N« s O

4

—

nt

Q.

Modifications to Response Functions,

Ciilerion levels,

{1) Land use types affected.
(2) Which levels to ke changed {upper or lower).
{3) Criterion levels day and night,

Transfer Functions.

(1} Tronsfer function type number.
{2} Bulge foctor,

[}

v (X}
LA
> >

12 .(‘)'Dul'u Fectoring.

at
c.
d,
e,

s)DispcsiHon of cell by cell printout feature,
Data factering title,
land use types for which factors apply.
Zone numbers for which ratios apply.
Factors for source lavels,

13, Input of User Cost Date ("Cost to City").

k.

User cost title,
User cost fractians for coch countermeasure,

14,  Attitudina| Adjustments for Source Levels.

a.
b,
c.

Disposition of cell by cell output feature,
Source level numbers.
Decibel adjustment value,

15, Base Index Calculation Option,

16. Source Ranking Calculation Option.

2,10

17,  Qptimization Procedure.

b

o

& . .
7)Dispositlon of path-receiver breakdown cutput oplion,
( )Disposiﬂon of stationory source gradient calculation option,

Total budget.

[+
d }8) Grodient stepsize,

i
{0 Number of refinement stagas.
h, Starting expenditures on each countermeasure,

a9

{9 Initial moximum expenditure rotio,

10} Expendilure retraction factor,

MR R RN
.
Lo
=== Z=Z

18, Progtem Termination Coard,
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Table 4-1 (Continued)

Explanations to Fooinotes

() Default = No Echo Input.

(2) Default Values Supplied. (See Table 1-1)

(3) Default = Program Terminates if Barrier Defined for Nonexistent Cell.

(4) No Inputs Required for this Section.

(5) Default = No Cell by Cell QCutput.

(6) Default = Output.

(7) Default = Approximations Are Used.

(8) Default Stepsize = 1/100 of Total Budget
(%) Default Ratio = 10,

(10) Default Retraction Factor = 1.0.

() Defoult Number of Refinement Stages = 0.
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Figure 4-1 briefly illustrates this process. The initial expenditures were entered
at zero and the optimization process continued until the total societal budget of

$4.5 million was expended (not shown in this figure).

When the entire budget is expended, Noizop provides a complete breakdown
of the final expenditures among the countermeasures. Therefore, to obtain a complete
breakdown of the optimized countermeasure expenditures of a local government budget,
run Noizop twice, The first time, increase the total budget to a value which is saveral
times the amount which will be budgeted by the local government for noise control.

In the example of Figure 4-1, a $4.5 million budget is specified; the hypothetical

loca! government budget is $1,33 million.

Find the expenditure step at which the cost to the local government ("User Cost")
is approximately equal to (just less than) the amount evailable from local funds. Note the
individual costs allocated to each countermeasure and the total cost at this step. Use this
total cost to estimate the total budget for a second Noizop run. Alsa note the individual

expenditures on each of the countermeasures (the top two rows),

In Figure 4-1, the user budget of $1.33 million appears between Steps 33 and 34,

corresponding to total societal budgets of $3,73 million and $3.7% million, respectively.

Figure 4-2 illustrates a hypothetical second Noizop run. The initial
expenditures at the top of the figure are the same as those for Step 33 in Figure 41,
It was estimated that a total societal budget of $3.75 million would yield the desired

tocal government budget of $1.33 million.

Figure 4-2 also illustrates the refinement stage concept. When the procedure
above the continuation dots was complete (total expenditures of $3.75 million), the
expenditures on each countermeasure (one at a time} were retracted to zero and the
optimization process continued from there until the $3.75 million was expended. In
Figure 4-2, only the retraction of Countermeasure 2 is shown since retracting the

expenditures on that countermeasure yielded the lowest NII, See Appendix A for a

more complete discussion of this concept.
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Figure 4-1, Example Noizop Qutput During Optimization Process, Hypothetical User Budget of $1.33 million Lies
Between a Total Societal Budget of $3.73 million and $3.79 million.
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At the bottom of Figure 4-2 is the fina) optimization step in our example.
The final user cost was $1.3354 million, very close to our target of $1.33 million.

The estimate of $3.75 million total budget was a good one.

The "final expenditures" shown in the final step of Figure 4-2 are repeated
and summarized in Figure 4-3. This Noizop output page presents the final results of

the optimization process.

The "final countermeasure variables" indicate the extent to which each of the
countermeasures should be implemented. The countermeasure variables are computed
directly from the final expenditures using the cost functions that were defined, The
countermeasure variables are either a decibel reduction or a fraction ranging between
0. and 1. that indicates the portion of a source population receiving a fixed decibel

reduction treatment,

Not shown in Figure 4-3 is some additional results which Noizop presents,
such as which barriers were selected to be built and which areas of the city should

have building insulation.

A more complete discussion on how to interpret the Noizop output is included

in the Noizop User's Guide,

4.2 Evaluate QOutput Results

At this point, the recommended expenditures and associoted degree of
implementation for each abatement measure should be checked to determine whether,
in fact, they are feasible and practical, If the development of the cost functions
described in Section 3.4 was performed with reasonable consideration for practical
application, fthen the results should be readily applicable to a real-world noise control
program. However, any odditional political, social, or legal feasibility constraints

riot foreseen earlier should be considered at this time.

For instance, funding for building acoustic barriers may only be available in

850, 000 increments, or laws may require that expenditures on motor vehicles be

[
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distributed in a certain way. If the expenditure recommendations cannot be adhered
to, the procedure is to adjust one or more of the expenditure constraints:
. Raise or lower spending limits on each countermeasure.

o Alter the override arrays which prohibit certain countermeosures

from being selected together (see Table 4-1, items Pa (2) and 10b).

. Add or remove countermeasures which should or should not be

considered.

. Change the initial expenditlures on each countermeasure ..

s Modify the total budget.

Evaluate each of the above alternafives, moke the necessary modificotions to the

Noizop input data, and operate the cost-effectiveness model again.

4.3 Select Final Set of Noise Abatement Measures

After a set of abatement measure expenditures has been selected which are
acceptable and which can be implemented, it remains to determine the exact form
which the measure will take. Some expenditure walues will fall between values which
were selected as potential expenditures when the cost functions were being formulated.
For example, o regulatory level of 83 dB on trucks moy have cost X dollars and a level
of 80 dB may have cost Z dollars, but Noizop may recommend an intermediate expenditure
of Y dollars. In cases such as this, find the appropriate regulatory level by interpolating

between the nearest defined values.

The results of the cost-effectiveness optimization can be graphically presented

in o number of ways. Several alternative possibilities are illustrated in Appendix A.

Figure 4-4 (the same as Figure A-4 in Appendix A) is printed directly by Noizop
(the exact dollar amounts hove been typed in). This histogram indicates the relative

recommended expenditures on each of the countermeasures for both the total societal and

vser costs.
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Table 4-2 presents typical results in terms of the countermeasure variable,
indicating recommended decibel reductions, fractions of source populations receiving
fixed treatments, and dollar amounts to be spent on path-receiver countarmeasures

(barriers and soundproofing).

Section A,4 in Appendix A presents @ brief discussion on the application of
the procedures in this manual to a study of Allentown, Pennsylvania. This presentation
can serve to partially illustrate the form and contents of a noise abatement measure
assessment report. Each countermeasure is described and the results are shown in Table A
A-9 indicafing the relative cost-effectiveness of each. A discussion of the results of
the computer analysis for each countermeasure follows. Figure A-16 presents a
sequential diagrem of the effectiveness of each leve! of expenditure on improving the
noise climate of the community (quentified by the Noise Impact Index). This signifies
that, after a certain point, the cost-effectiveness of each additional expenditure is
drastically reduced. This result might be applied to the concept and definition of an

"optimal total budget. "

4-12
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Tabfe 4-2
Extent of Countermeasure Application to the Six Hypothetical Examples.
The Countermeasure Application Corresponds to Total Expenditures
on Each Countermeasure as Seen in Figures A=4 through A-7, A~10 and A-11
Case
1 2 3 4 5 -]
Twice Removing Ne
Residential | Community Motorcycla Path-Receiver No
Population | Ona~Half Saurce and Countermeasure, | Attitudinal
Countermeasure Baseline Density Site Couniermeasure | Smaller Budget | Adjustments
1. Percent of Aulbomabilas Raceiving 3.5 dbB Reduction® 16% - 19% 1% 13% 0 20%
2. Percent of Aytomchilas Raceiving 3,5 dB Reduction* 57% 57% 57% 57% 57% 57%
3. Docibel Raduction in Automohile L duo to 6.2d8 6,2d8 4.2dD 6.2 d8 5.9 db 6,248
Enforcoment of Ordinanca
4, Decibel Raduction in Moloreycle l. duu to 17 48 17 dB 17 dB e 17 48 17 dB
Enforcement of Ordinance
5, Percen) of Trucks Recaiving 12 dB Engine Noise 36% 5% 36% 38% 25% 34%
Reduction
6. Percent of Trucks Receiving 5 dB Tire Noie 100% 100% 100% 100% A% 100%
Reduction
7. Decibel Reduction In Bus I'oq 0 0 0 5.1 db 0 0
é. Percont of Alrcraft Recaiving SAM Treatment 0 0 0 0 0 0
9. Porcent of Aircraft Rerouted 100% 100% 100% 100% 100% 100%
10. Parcent of Aircraft Might Operations Eliminated 0 [ 0 0 0 0
11,  Percent of Roilroad Locomotives Receiving 6 dB 100% 100% 100% 100% 100% 100%
Muffler Treatment
12,  Total Doliar Expenditure on Barriers and $784,000 | $775,000 | $791,000 $775,000 - $773,000
Soundproofing —

bt e 200 P M S8 P SN Ak

*Countermeasures | and 2 are mutuolly exclusive (Countermeasure Typa 6). Countermeasurs ! applies to new vehicles,

Countermeasura 2 applies to existing vehicles.

**Countermeasura not defiped.
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