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PREFACE

This handbook was developed by Wyle Laboratories under Contract No, DOT-TSC- 1786 with the U.S, Depart-
ment of Transportation, Tronsportation Systems Center and sponsored by the Federal Railroad Administrotion,
Hs intent is to gather together in one document the necessary background meterial, the required measurement
and analysis procedures, ond the currently cvailcble abatement techniques to respond to and meet federal
regulations governing noise emissions from railrood noise sources.

Mr. Robert Mason served as the Transportation System Center's technical monitor for much of the
program. Mr. John Koper of the Office of Research and Development of the Federo! Railrood Administrotion
was technical monitor for the latter part of the program. Both mode important contributions to the handbook
through their guidonce ond careful reviews,

Mr. Peter Conlon, Manoger of the Environmental ond Speciol Studies Division of the Association of
Americon Railroads, also played an importont role in the development of this hondboak. He not only provided
valuable suggestions as to its format ond contents, but was olso instrumental in soliciting the cooperation of
representatives of various railrood companies.

In oddition, the authors would also like to ocknowledge the contributions of the other members of the
government/industry committee who assisted in the design and development of this hondbook. They are:
Mr. Jack Buckingham and Dr. Conan Furber of the Association of American Railroods; Mr. Thomas Pendergast of
CONRAIL; Mr, Stephen Urmon of the Federal Railroad Administration; Mr. Robert Pooler of the Santo Fe
Railway Compony; and Mr. Ray Plunkett, Mr. F.M. Roach, Jr., ond Mr, Dick Shelton of the Southern Railway
Company.
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CHAPTER |
INTRODUCTION

With the recent introduction of a variety of federal regulations governing noise emissions from railroad
noise sources, the need has developed for o handbook which gathers together in one ploce the necessary
background material, the required measurement and analysis procedures, and the currently availabie abatement
techniques to respond to and meet these regulations. The publication of this Handbook for_the Mecsurement,
Anclysis, and Abotement of Roilrood Noise along with the occomponying Pocket Manual for the Measurement
ond Analysis of Railrood MNoise {DOT/FRAJORD-82/02/M) is on atternpt to meet that need,

In this chapter are described the development of the handbook, its arrongement, and the pr'ocedure for
effectively using it. Also described is o summary of the legislative history of the current rcilroad noise

regulations.

1.1 Development of the Handbook

This handbook was developed by Wyle Laboratories for the Department of Transportation, Tronsportation
Systems Center ond sponsored by the Federal Railrood Administration. As part of this controct, o joint
government/industry committee was formed to provide experience and advice from individuals in government
ogencies and within the railrood industry responsible for rallrood noise control. The committee met in two
workshops to discuss the development of the handbook.

During the first workshop, an outline of the handbook was developed in such a way that ofl topics of
interest to the roilroad noise control community would be included.

Prior to the second workshop, an interim version of the hondbook waos distributed to members of the
committee for their review. At the second workshop suggested improvements in format ond odditions to the
contents of this document were discussed. Also discussed at this workshop were the topics to be included in the
Pocket Manual for the Meausurement ond Analysis of Roilroad Noise, which is o componion document to this
handbook containing abbreviated instructions for the field measurement and evaluation of railroad noise.

The final product of this procedure is the handbook which you are now reading ond its accompanying pocket
manual. it is hoped that the inputs from this committee will have provided docurments that are useful to both
government officiols charged with the enforcement of the noise regulations and the railrood industry who must
meet them.

The authors would like to ocknowledge and express their appreciation to the members of the government/
industry committee by recognizing them here:
Mr, Jack Buckingham, Association of Americon Railroods
Mr. Peter Conlon, Association of American Railroods
Dr. Conan Furber, Assaciation of Americon Railroads
Mr. John Koper, Federal Railrood Administration
Mr. Robert Mason, Transportation Systems Center
Mr. Thomas Pendergast, CONRAIL
Mr. Ray Plunkett, Southern Railway Company
Mr. Robert Poofer, Santa Fe Railway Company
Mr. F.M. Rooch, Jr., Seuthern Railway Company
Mr. Dick Shelton, Southern Railway Company
Mr, Stephen Urman, Federal Ruailrood Administration

* ¢ & & & & o F S 0

1.2 Arraomement of the Handbook

The first chaprer of the handbook briefly describes its development, arrongement, and suggested use. This
chapter clso provides a short overview of the history leading up to the current railroad noise regulations.

Since it is intended that the hondbook be useful to those with little background in acoustics and noise
control, as well as to experienced moise control engineers ond officials, the second chapter provides an
introduction to the field of acoustics. In this chapter the basic principles of noise measurement and control are
introduced. Starting with the definition of sound itself, all quantities and concepts used in the measurement ond
control of railroad noise are defined ond explained. Numerous examples are provided to clarify the concepts
introduced here. |t is intended that the level of detail in this chapter be sufficiently complete that on engineer
or technicion untrained in acoustics con understand it, yet succinct enough that ¢ person experienced in ocoustics
will find it valuable for review and reference.



The remaining three chapters of the handbook describe the existing railroad noise regulations themselves.
For each regulated noise source, the following items are provided:

A summary of the pertinent requlation indicoting the specified regulatory level(s);

A description of the acoustic metric used in the regulation;

A description of the measurement site conditions that must be satisfied for a valid measurement;
A listing of the necessary instrumentation fo carry out the measurement;

A description of the required or suggested measurement procedures;

A summary of the existing data base describing noise from the source; and

Suggestions on possible techniques of cantrolling noise emission from the source.

Where appropriate, sample worksheets and data sheets are provided along with examples of. their use. l.\lso
provided, for those unfamiliar with railroads, are brief descriptions of the ncture ond operation of the various
noise sources,

Chapter 3 discusses thase noise regulations pertinent to line-haul operations. These include regulations on
extarior noise emission into the community from moving locomotives and raiiread cars as well as interior noise
exposure within moving locomotives and railroad cars.

Chapter & discusses those noise regulations that apply to railroad yard operations. These include
reguiations on exterior nolse emission from moving and idling locomotives and from locomotive load cell test
stands and regulations on noise emission from car-coupling impacts and retarders,

Chapter 5 discusses two miscellanecus railroad regulations: that contolling interior noise levels within
roilroad employee sleeping quarters ond that requiring mininum sound levels for oudible warning devices on
locomotives.

In oddition to the five major chapters of the handbook, four oppendices are provided. Appendix A is a
glossary of terminalogy which briefly defines those terms employed in the regulations and identifies the poges in
Chapter 2 where a more complete explanation of the acoustic terms is contained. Appendix B provides o set of
three programmable calculator programs which con be used to carry out some of the more common arithmetic
operations on sound levels. Appendix C provides copies of the various railroad noise regulations discussed in the
text, as published in the Federal Register, along with copies of some of the supplemental information that was
provided with the final rules, Appendix D provides a list of suggested books and journals for further reading on
the subject of noise measurement and control,

1.3  How To Use The Handbook

This section of the handbook provides suggestions on its optimal use. The handbook has been designed for
several different audiences, each with potenticlly different backgrounds. For noise control officials, who may be
experienced in ocoustic measurements but unfamiliar with the details of railroad operation, many descriptions
are provided in Chopters 3, 4, and 5 of the function and operation of the various noise sources, Also provided, in
Chapter 2, are common-sense safety suggestions for behavior on railroad property. For railrood personnel, who
are familiar with rgifroad operations and procedures but inexperienced in noise measurement and control, a
rather complete introduction ta the field of acoustics is provided in Chapter 2.

All persons should read the introduction in Chapter | and skim the Table of Contents to see what is
contained in the handbook. Those familiar with ocoustic measurements and noise control should skim Chapter 2
_to see what reference material is contained there. These people shouid then read the details of the noise source
of interest in Chapters 3, 4, or 5.

Those unfamiliar with noise measurement and control should also study Chepter 2 carefully, being sure to
carry out themseives the examples provided. This chapter is divided into three major sections:

¢ Basic concepts of sound,

o Noise measurement procedures, ond

o Moise abatement techniques,
he first two sections should be read by all those interested in noise measurement and noise control. The third

section need only be studied by thase interested In noise control. Once the principles of noise megsurement are
understood, the reader may proceed to the section of Chapters 3, 4, ond 5 of interest,

The major sections in Chapters 3, 4, ond 5 have each been designed to be completely self-contained.
Because of this, a certain omount of unavoidable repetition occurs, especially in the descriptions of measurement
procedure, |t was felt, however, that it would be valuable for all the material that is needed to properly measure
the noise from a given source to be located in the section covering that source, Thus it is unnecessory to
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:ontinually refer bock to previous sections to obtain pertinent procedures and worksl'.xee?s. AS a result, when
sreparing to go into the field to measure noise from a particular source, only the section describing the source
need be reviewed.

The worksheets provided in these chapters are quite general. For example, equipment that may only
occasionally be needed, such as a flashlight ond o ground cloth, are listed for completeness. These worksheets
may be used os they appear in the handbook by copying the pertinent pages or moy be used to supply ideas for
designing ¢ more personclized format.

In developing the concepts of acoustics in Chapter 2 and in providing analysis worksheets, where pertinent,
in Chapters 3, 4, and 5, o departure from traditional procedure has been employed. Becouse of the logarithmic
nature of the decibel, which is the unit used to quentify sound level, it is often necessary to perform logarithm
and powers-of-ten arithmetic operations (i.e., log x and 107). in the past, handbooks similar in level to this one,
have provided elaborate nomograms or approximation techniques to avoid having to carry out these operations.

With the current avoilability of inexpensive, portable, scientific calculotors, which carry out these
operations ot the push of a single button, it was felt that the need for such nomograoms ond approximations o
longer exists. Thus Chopter 2 and the onalysis worksheets in Chapters 3, 4, and 5 maoke full use of log x and |0
functions. The result is, generally, simpler computational procedures than were previously required with older

methods.
Finally, for those owning more advanced programmable calculators, a series of three programs are provided

in Appendix B for carrying out some of the most common operations on sound levels: decibel oddition and
subtraction, computation of energy-average sound level, and computation of day-night sound level.

|4 History of Railroad Noise Requlations

To better understand the choice of contents end arrongement of this handbook, a brief review of the recent
legislative history of railroad noise regulations is in crder.

The Noise Control Act of 1972 identified noise as a growing danger and declared the policy of the United
States to be "to promote on environment for all Americons free from noise that jeopardizes their health ond
welfare.” Included in the Act was the outhorization to establish federo! noise emission standords for products
distributed in commerce, and the mandate for the U.5. Environmental Protection Agency (EPA) to coordinate
federal activities in noise control. Section |7 of the Act specifically required EPA to promuigate requlations
setting limits on "noise emission resulting from operation of the equipment ond focilities of surfoce carriers
engoged in interstale commerce by railrood.," [t further required that such regulations include noise emission
standards which "reflect the degree of noise reduction ochievable through the application of the best gvailable
technology, taking into occaunt the cost of complionce.”

In accordance with Section 17 of the Act, the EPA issued final railrood noise emission standards on
December 31, 1975. These standards applied to cil railroad cars and alt locomotives, except steam iocomotives.
On August 23, 1977, the Federal Railroad Administration (FRA) published Railrood Noise Emission Complionce
Regulations setting forth procedures for enforcing the EPA standards.

I June of 1977 the Association of American Railroods, along with severa! railroad companies, challenged
the EPA reguiation in the U.S5. Court of Appeals on the basis that it did not include stondords for all railroad
equipment ond facilities as required by the Noise Control Act. The concern of the railrood industry was that,
locking federal preemption of all reilrood noise source regulations, there could develop ¢ great variety of
differing ond inconsistent standords in every jurisdiction olong the railroad's routes. In oddition, local
communities would not necessarily be bound by the protective "best available technology, taking into account the
cost of compliance™ requirement of the Noise Control Act.

The judgment of the court was in faver of the railroad industry. As a result, EPA published proposed noise
reguicticns for additiona! railrood equipment and facilities in April 1979, These regulations established stondards
for overa!! railread focility ond equipment naise, 05 well as specific standords for retarders, refrigerator cars,
ard car—coupling operations.

After an extended public comment period, EPA published final rules on Jonwary 4, 1980, establishing
starce. ds fer moise from four specific sources, namely, locomotive load cell test stands, switcher locomotives,
farsy and <oy eauplings. A property line standard, limiting the total noise emitted from roilyard facilities,
inciuding sources which are not covered by the existing standards, will be issued by EPA after further assessment
of the extensive comments received,

Concurrently with the development of railrood noise standards by EPA, the FRA was developing rules on
permissible maximum noise levels within locomotive cabs and railroad employee sleeping quarters and sofety
standards setting minimum sound levels from audible werning devices on locomotives,



On July 8, 1976, provisions of the Hours of Services Act became effective, which make it unlawful for ony
common carrier "to provide sleeping quarters for employees,.. which do not afford such employees an
opportunity for rest, free from interruptions caused by noise under the control of the railroad. . . ond which
prohibit the construction or reconstruction of railroad employee sleeping quarters "within or in the immediate
vicinity (as determined in occordance with rules prescribed by the Secretary of Tronsportation) of any area
where switching or humping operations are performed.” On July 18, 1978, the FRA issued interpretive guidelines
describing tha noise level which will be regarded os the maximum level permitting "an opportunity to rest.” In
addition, on July 19, 1978, the FRA published final rules under which the Agency will consider whether proposed

sites for the construction or reconstruction of sleeping quarters for railrood employses subject to the Hours of

Service Act are "within or in the immediate vicinity ,..of ony area where railroad switching or humping
operations are performed." As part of these rules, interior noise levels in the focility are considered when
evaluating a petition for approval.

On March 23, 1978, the President issued Executive Order 12044, which directed all executive agencies to
adopt procedures to improve existing and future regulations. In response to this Executive Order, FRA initiated
a Generol Safety Inquiry for the purpose of evaluating ond improving its safety regulatory program. After o
series of hearings ond proposed rulemokings, the FRA published final rules on Railrood Locomotive Safety
Standards and Locomotive Inspection on March 31, 1980. One saction of these rules requires that the permissible
exposure 1o a continuous noise in 6 locomotive cab shall not exceed a statad average value. Another section of
these rules requires that eoch lead locomotive be provided with an oudible warning device that produces at teast
o minimum specified sound level. '
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CHAPTER 2
BASICS OF NOISE MEASUREMENT AND CONTROL

This chapter provides on introduction to the fundementals of ocoustics. The material presented here
introduces the reader to the basic physical principles underlying the measurement, assessment, and control of
railroad noise, .

The chapter is divided into three sections. The first section, Basic Concepts of Sound, describes the
various parameters used to charocterize sound and its behavier. The metrics by which the intensity of sound is
quantified are introduced ond their uses are explained with numerous examples. The second section, Noise
Measurement Procedures, describes the genera! items that must be considered in setting up @ noise measurement
progrom. General measurement ond onolysis procedures, sofety considerations, and instrumentation are all
described. The third section, Noise Abaternent Technigues, introduces the reader 1o general procedures by which
noise emissions con be controlled. 1echniques for reducing noise at the source, along the propagation path, or at
the receiver cre each discussed. ‘

2.1 Basic Concepts of Sound

The purpase of this section is to provide o brief introduction to the fundamenta! concepts of acoustics.
Starting with o physical description of the nature of sound waves ond the parameters by which they are defined,
the section proceeds to define sound pressure ond sound power, The concept of sound pressure leve! is introduced
and procedures for adding ond subtrocting such levels are supplied. Next, various types of sound spectra are
defined ond their different uses explained. Exomples of different types of spectra for typical railroad sources
are shown.

The section continues with a brief description of the human perception of sound and of the A-weighted
sound level scale. Examples of A-weighted levels of typical railroad and non-railrood noise sounds are provided.
Next, the various metrics which are used to describe time-varying sounds are defined ond examples given of their
use, The section concludes with a discussion of the humon response to sound ond o generol overview of the types
of metrics that are employed in existing noise regulations.

2.1.1 Sound Waves

Sound consists of a series of pressure disturbances or waves moving through air or a similar fluid medium.
These pressure waves consist of minute bock-ond-forth movements of molecules which are caused by the
vibration or motion of the sound source. These disturbances differ from those associated with heat in thot the
molecular mevements that are sound are orgonized throughout space, whereas those of heat are rondom,

A rough onalogy to the motion of sound waves in air is the motion of water waves on the surfoce of ¢ pond
into which a stone is thrown. The outward moving circles formed by the peaks of the water waves correspond to
high-pressure regions in the sound wave moving outward from a sound source; the outward maving troughs on the
water wave correspond to low-pressure regions in the sound wave. The analogy is not quite complete, however,
since the water waves form expanding circles on the surfoce of the pond while the sound weves form exponding
spherical shelis in space.

Figure 2-1 illustrates a schematic representation of the instantanecus cross-section of the sound wave
emanating from a tuning fork showing that the wave consists of a series of outwardly moving crests and troughs
of sound pressure. Since this particular sound is o pure tone, the spocing between pressure “crests" is constont
ond equal to the spacing between pressure "troughs'., The distonce between successive crests or successive
troughs is colled the wavelength of the sound wave ond is usuolly designated by the Greek letter "lambda", X.

This figure represents a cross-section of the wave at one instant of time. As time progresses, each feature
of the wave will move outward, away from the source. Thus a particular crest or trough can be thought of as an
expanding sphericeo! surface, such as a balloon being inflated. The speed at which any feature of the wave moves
outward is ¢olled the wave speed or sound speed, ¢. The value of the sound speed is a function of both the type
ot materigi through which the wave is propagating and the temperature.

For saund waves trovelling through qir, the speed is:

c = 49 ’TR ft/sec ‘ -1

where T, the absolute temperature in degrees Rankine (°R), is related to the Fahrenheit temperature, TF' by
the relof.i:{on .

T = Tp + 460° (2-2)
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Figure 2-1. Schematic Representation of a Pure-Tone Sound Wave.
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Thus, at a-temperature of 70°F the speed of sound is:
¢ = 43¢0 + 480 = 1128 ft/sec

) As the wave fravels past a fixed point in space, crests ond froughs will continually poss. The time interval
between two successive passages of o crest or a trough is called the lod, T, of the wave. The number of
crests, or troughs, that pass the point eoch second is called the frequency, 1, of the wave. It is related to the
period by the expressioh:

f= 1T (2-3)

The period of a wave is usually measured in seconds, so that the unit of frequency is cycles per second or hertz
(abbreviated Hz). :

The wavelength, frequency, and speed of a wave are related by the equation:
Af = ¢ (2-4)

The range of audible frequencies is nominally 20 Hz to 20,000 Hz (corresponding to periods from 0.05 sec to
0.00005 sec). Since the speed of sound at 70°F is |128 ft/sec, the range of audible wavelengths at this
termperature is from 56 feet to 0.68 inch.

Sounds with low frequencies and long wavelengths are heard as low-pitched sounds. Those with high
frequencies and short wavelengths are hecrd as high-pitched sounds. Sound below the lowest frequency at which
the ear con respond is called infrasound; that above the highest frequency at which the ear responds is called
ultrasound, .

2.1.2 Sound Pressure and Sound Power

While the pitch of a sound is determined by its frequency, the intensity of a sound is determined by the
difference belween the pressure ot the crest of the wave ond the pressure of the undisturbed air (normal
atmospheric pressure), This pressure difference is called the amplitude of the wave, A, Figure 2-2 shows how
the pressure ot o fixed point in spoce will vary with time as the crests ond troughs of the wave in Figure 2-|
travel past,

A parcmeter thot is often used to characterize the intensity of a sound wove Is its root-mean square
Pressure, Prms: This is defined as the square root of the mean volue of the instantaneous pressure-squared, taken
over one period of the wave., For a pure-tone wave, the rms pressure is related to the amplitude of the wave by:

P =2 .o07IA (2-5)

rms VT

For more complex waves, there is no simple relationship between rms pressure and cmplitude. Most
modern sound level meters outomatically determine the rms pressure by first averoging the squared-pressure of
the wave over a predefined response time. Two such response times are in common use: slow response
c?rrespcnds to an averaging time of about | second; fast response corresponds to on averoging time of about
1/8 second.

The meter-kilogram-second (mks) unit of pressure is the pascal (abbreviated Pa). One pascal is equal to o
torce of one Newton acting on a surface having an area of one square meter. The minimum discernible sound in
quiet laboratory conditions has an rms pressure of cbout 2 x 10°°Pa or 20 micropascals (abbreviated pPa).
The threshold of hearing pain is considered to be opprog]imate!y 200 Pa. Thus the range of sound pressures likely
to be heard extends over seven orders of mognitude (107),

The intensity of a sound wave is defined as the average power per unit area being transmitted by the wave.
For a spherical wave, such as the one depicted in Figure 2-1, the intensity, L, is related to the root-meon-squore
pressure by: '

2

Prens
= ¢ (2-6)

where  p is the density of the medium through which the wave is trovelling ond
¢ is the sound speed in that medium.
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Po = atmospheric pressure
Pmax = Maximum pressure
Pmin = Minimum pressure

A =Pmax — Po = Po = Ppin = amplitude of wave

I ' ' Passage of T = period of wave
' Pmax
&
=2
v Po
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o
Q.
N Pmin
= ssage
of Trough
TIME

Figure 2-2. Pressure Changes at a Point Due to Passage of.a Pure-Tone Sound Wave.
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For air at 70°F and ! atmosphere pressure, the intensity is given by:
2

prms

{ = wclt'r.s/'m2 (2-7

where Prrns is in pascols.

The total power emitted by a source con be determined by summing the intensity over a surface enclosing the
source. For o source thot radiates uniform sphericol waves in all directions, the totol power, W, emitted is
related to the intensity (Figure 2-3a) by:
r2 p2
W = waz I = —H_Qrﬂ watts (2-8)

where R is the distance, in meters, from the source to the point at which the sound pressure is measured. For
such @ source just above a plane ocoustically reflective surfoce, i.e., the ground, the total power emitted is

related to the intensity (Figure 2-3b) by:
W= 2mR2] = rms 2-9)

Example 2-1:

To communicate normally ot g distance of 4 feet (1.2 meters), an rms sound pressure
on the order of 0.02 pascals is required. In order to generate this sound pressure ot that
distance, the vocal cords must emit a sound power of:

2 1 o2
we L2000 gy 105 warts

As a second exomple, consider that rms sound pressures of 2 pascals are commonly
measured at distances of 100 feet (30 meters) from squealing master retarders. This naise
soyrce is one of the loudest that occurs in railroad yards, The power emitted by the
wheel-retarder-rail system in such an instance is:

@0 @?
85.¢

W = = 56 watts

From these examples it can be seen that the actuol power emission ossociated with sound is not very large,
In fact, for most mechonical noise sources the ratio of sound power emission to total mechonical power is quite
small, ranging from about 0.1 part per million for a quieted source such as ¢ dishwasher to 100 parts per million
for a noisy source such as a jet aircrafi.

As g result, the problem of reducing noise emission from o mechonical process con be quite complex,
because one must further reduce whot is clready g very smqlt part of the toto} energy involved in the system,

2.1.3 Sound Pressure Level, Decibels

As was seen above, the range of rms sound pressures likely to be heard extends over seven orders of
maognitude, In order to compress this tremendous range into a usable interval and because the brain does not
interpret the ear response to changes in sound in a linear fashion, ¢ logarithmic scale is normally used to measure
rms sound pressure. The sound pressure level of a sound wave having on rms pressure Prms is defined as:

L = 1010g,q [p2,/ phat] @10

where p o4 i5 a reference pressure normally defined as 20xPa (i.e., 20 x IO'6 Pa), which is approximately equal

to the threshold of hearing in young persons. Although level is reclly a dimensionless quantity, being the
logarithm to the base |0 of the ratio of two squored-pressures, it is normally indicated that the quantity is o
level by calling it a decibel. Thus it is said that the sound wave has a sound pressure level of L decibels relative

to 20uPa (obbrevicted L. dB re 20pPa), *

i The basic definition of a level is the bel, named after Alexonder Groham Bell, It is defined as the
logarithm of the ratio of two power-like quantities (i.e., functions proportional to the power carried by the
wave such as power, power density, or energy):

Leve! inbels re wref = |°9l0 [—Ww—]

ref
where W is the power-like quantity, and W of is o reference volue, In acoustics, the square of the rms

pressure is used as the power-like quantity. Inaddition, since the bel turns out to be too large o unit for
convenience, the decibel, which is 1/10 of o bel, is normally used as the unit of sound pressure level.
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Figqre 2-3. Sound Power For a Uniformly Emitting Source.
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Exomple 2-2:

A sound wave correspording to the minimum discernible sound pressure would have a
level: ‘

2

20uPc)

L = 10log, o %FAN. 10 10g,) [1] = OB re 20uPa
(20uPa)

The sound pregsure level corresponding to the threshold of pain Is:

2 2
(200 Po) 200
L= 10l = 10
og'o[(zoypo)z] ly [20x 103]

= 10tog, [10"%] - 140 g8 re 204P0

Often the reference pressure is omitted, so thot the cbove examples might simply be referred to as 0 dB ond

140 dB, respectively,

Example 2-3:

A typical sound in normal conversation might hove an rms pressure of 0.02 Pq, so that
its sound pressure leve! would be:

2 2
L = 10log,, |©O2P) . g10g [ 0.02 ]
10 [(ZOpPo)z 1020 5 1076

= 101og,, [16%] = 6048
1o [10°]

2.1.4 Decibel Addition and Subtroction

Often more than’ one source contributes to the sound heard. Becouse the sound level scale is logcrifhmic,
ievels from two or more different sources do not combine additively, For example, the sum of two 60 dB levels
is not 120 dB,

In order to determine the sum of two sound levels, eoch leve! must be converted to o squared-pressure;
these con t be odded. * To obtain the squared-pressure of a sound wave in terms of its level, Equation (2-10)
is solved for Prmst

2 2

Prms = Pref % mL/IO 2-10)

Applying this equation to eoch leve! individually, it con be seen that the squored-pressure thot results when two
sound waves, having levels Ll and LZ’ are summed, is:

L,/10 L,/10
pz = 2 2 [pfe,xzo' ]+[pfe,x|02 ]

+ =
sum = P, rms, | prms,Z

The resultant sound level is:
2

sum
Leom = 1000g)q | =5—1= 101log, [I
ref

L,/IO
0

+

L2/ i0
10 {2-12)

b This assumes that the two sound woves are incoherent; i.e., unrelated to each other. This will normally be

the case if the woves are generated by different sound sources,



Example 2-4:

The sum of 65 dB and 6B dB is:
65/10 68/10 6.5 6.8
Ly ¢ 10109, [1055/1 ¢+ 10%%/19] < 1010g,q [105 + 10 ]

= 1010g,, (3,162,277 + 6,309,573]

= 10 log,q [9,471,850] = 69.8 4B

Computations such as these con easily be performed on modern hand-held calculators which have built.in

log and 10* functions. A programmable calculoter program to do decibel eddition is given in Appendix B.
Lacking a calculgtor, tables of logarithms or Figure 2-4 can be used.

- .Yy l

Example 2-5:

As on example of the use of this figure, again consider the addition of 65 dB and &8 dB.
The larger of the two levels to be summed is:

max (L[, Lz) = max (65, 68) = 68dB

il'he cbsollute value of the arithmetic diff;rence between the two levels, denoted by
L, -L is:
| 20

|t =yl =|es-e|=]|-3]-3am

From Figure 2-4, the increment 1o be added to the larger of the two levels to produce the
sum is: )

AL, = |.8dB

+

Thus the sum of the two levels is:

me = mox(LI,Lz) + AL =68+ |8 = 69.848

Figure 2-4 can be controcted 1o a simple, easily remembered table, if only one decibel accurocy is being
maintained in the calculation:

o -Lljo 1] 23] 456787930
aL, [ 3] 2 } 0

Note that if differences greater thon or equal to 10 dB exist, the lower level may be ignored. This is reflected in

measurement criteria which require bockground sound levels to be at least 10 dB below the sound leve! of the
source to be measured,

Exomple 2-6:

In the previous example, I L -L i is 3dB, so that AL is 2 dB. The sum of the two
levels is therefore 2 dB greater than"the larger of the pair, i.e., 68+ 2 = 70dB. This is

indeed the solution obtained if the more accurate result above is rounded to the nearest
nteger.
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Figure 2-4. Summation of Two Sound Levels LI and LZ:

L = max (LI' L2) + AL,

Figure 2-5. Difference of Two Sound Levels L, and Ly

L -AL_5L>L,

2-9
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Subtrection of one sound level from c larger sound level is accomplished in @ similar fashion. Bath levels
are converted fo squared pressures and the resulting quantities subtracted; i.e.:

L,/to L /[0]
2 2 2 2 1 2 2
Pdif * Prms,| ~ Prms,2 = [pref x 10 ] - [pref x 10
and:
pas [ L,/10 Lzllo]
Ly = 1000g;q | =] = 1010g,y |10 - 10 L, 2-13)
ref

Exomple 2-7:
The difference of 70 dB ond 68 dB is:

70 _ 6.8
Ly = 1010g,5 [1070 - 106€]

= 10 1og, [10,000,000 - 6,309,573]

= 1010g o [3,690,427] = ¢5.8¢B

As in the case of decibel addition, such calculations con easily be performed on hand-held calculators which
have built-in log and 10" functions, A programmable calculator program to do decibel subtroction is given in
Appendix B. If & calculator is not availoble to perform these computations, the procedure in Figure 2-5 can be
employed.

Exomple 2-8:

As an example of the use of this figure, ogain consider the difference of 70 d8 ond
68 dB. In the notation of the figure:

Ly =70d8, L, -638d8
ond ‘
Ly~ =70-68=28

Thus, from the figure:
AL

(1]

4,3 dB
so that;

70 - 43 = 65.7dB

Ly = L) —4L_

Becouse of the non-linear way in which sound levels add ond subtract, some care must be token in deciding
which sources 1o quieten when several sources are present. In general, the level of the loudest source is always
reduced first.

Example 2-9:

Consider a situation where two sources contribute to the noise at a given position ~
one generating a level of 80 dB, the other a level of 85 dB. The total sound level is the
sum of the two levels:

0 .
Lyym = 1010950 (180 + 16%5] - B2 a8

Now suppose the sound level generated by the first source is reduced by 5 dB to 75 dB.
The total level is now:

7.5 8.5
Lsurn = 10logq [IO + 10 ] = B5.4 dB
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Thus the 5§ dB noise reduction in the quieter source has produced a 0.8 dB reduction in the
total sound level. If, instead, the sound level of the second source hod been reduced by
5 dB to 80 dB, the totc! level would be:

Loy = 1010g)q [10%0 . 1089] - 8308

sum

In this case the total noise tevel has been reduced by 3.2 dB. By reducing the levet
generated by the louder source, an additional 2.4 dB of reduction was obtained in the total
sound level. :

2.1.5 Audible Effects of Sound Level Chonges

As noted in the previous section, the eor does not respond to sound pressure changes in a linear fashion.
Thus c doubling of the sound energy is not perceived as doubling of the loudness of the sound. The psychological
response to changes in sound level is quite complicated, but, as a rough rule-of-thumb, the responses in Tabie 2-1
are appropriate.

Table 2-1
Typical Responses to Changes in Sound Level

Decibel Increase In

Change Sound Energy Response
+3d8 x 2.0 Just Noticeable
+5dB x 3.2 Clearly Noticeable
+10 dB x 10 Twice As Loud
+20d8 x 100 Much Louder

2.1.6 Sound Spectra — Types and Uses

S0 for, only pure tone sounds have been discussed. Most sounds are much more complicated and cannot be
characterized by a single frequency or wavelength. However, no matter how complex the sound wave, it can
always be described os o weighted summation of pure tones of various frequencies. The weighting foctor for
each frequency is a measure of how much sound power of that frequency is contained in the sound wave.

A plot of those weighting foctors as a function of frequency is called the trum of the sound. For a
pure fone, the spectrum would be sharply peaked, as shown in Figure 2-6{c). If many ;requencies gre present, the
spectrum will be broadly spread ocross the oudio frequency range as in Figure 2-6(b). Such sounds are called
“broodbond” sounds. The spectra of two common railroad sound sources are shown in Figure 2-6(c), which
illustrotes the spectrum of o retarder squecl, and Figure 2-6(d}, which illustrates the spectrum of on idling
locomotive.

Spectra such os these con offen be used to determine the precise source of the sound on a machine, since
ony pure-tone components may correspond to resonant vibrations or rototional speeds of components of the
machine. Spectra must be used to determine the reduction in level with distance due to air absorption and
ground attenuation as sound propagates through the atmasphere. Finally, the spectrum of ¢ source is necessary
to determine the attenuation provided by o barrier or enclosure placed about the source.

In determining the spectrum of a source, the acoustic signal is passed through a set of filters. Each filter
only allows sound at certain frequencies to pass, the range of such frequencies being called the passband of the
filter. The difference between the frequencies of the upper ond lower edges of the pqsba'%ﬁs_coned the
bondwicih of the filter.

In proctice, no filter completely stops sound at frequencies outside its passband, but sound at such
frequencies is greatly reduced (attenuated) by the filter. The exact amount of attenuation outside the passband
depends on the specific design of the filter.



(a) Pure Tone (b) Broadbond

/“"‘“\\

SOUND PRESSURE LEVEL (dB)
SOUND PRESSURE LEVEL (dB)

FREQUENCY (Hz) : FREQUENCY (Hz)

(c) Retarder Squeal

(d) Idling Locomotive

SOUND PRESSURE LEVEL (dB)
SOUND PRESSURE LEVEL (dB)

FREQUENCY (Hz) FREQUENCY (Hz)

Figure 2-6, Types of Sound Spectra.
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Two general types of filters exist, leading to two different types of spectral analysis. For a constont
bandwidth filter, the bandwidth is independent of the octual passband. The center frequency of the passband is
The arithmefic mean of the upper ond lower band edges. Thus for a constent mw»afﬁ ;llter: :

fu - fl = constant (2-15)
and
f, + f
| v R
£ e, , (2-15)

where fc = center frequency of g constant bondwidth passbond,
| s frequency of the lower edge of the passband, and
f = frequency of the upper edge of the passband.

Figure 2-7(a) shows an example of the passbands of a 20 Mz constont bandwidth spectrum. Eoch bond is
exactly 20 Hz wide and the band center frequency is the arithmetic meon of the band edge frequencies.

The second type of filter is o constont percentoge bandwidth filter, in which the raotio of bandwidth to
center frequency is a constont. Thus, as the center frequency of the passbond is increased, the bondwidth alse
increases by the same foctor. For such g filter the center frequency is defined as the geometric mean of the two
band edges. Thus for a constant percentage bandwidth filter:

f - f

%—I— = constant (2-16)
c
aond
fc 3 f[ fu . 2-17)

where f o = center frequency of a constant percentage bandwidth passband,
= frequency of the Jower edge of the passbond, ond
frequency of the upper edge of the possbond.

-
1

L
Figure 2-7(b) shows on example of the passbonds of an octave bond spectrum. This spectrum is one of the
two most common types of constont percentoge bandwidth spectra, the other being the one-third octave band
spectrum. The standard bond edges and center frequencies for octave band and one-third octave band spectra
are shown in Table 2-2,

Constant bandwidth spectral enalyses are usually corried out when the purpose of the sound measurement is
to obtain g detgiled frequency onalysis in order to identify the origin of the sound. Quite often the frequencies
of the pecks of such o spectrum are related to the rotational speeds of components of the source or to
vibrational resonances of the structure of portions of the source, and thus the specific component that is
- generating the sound can be located. .

Constant percentage bondwidth onalyses, such as those utilizing octave ond one-third octave bands, are
normally used when the purpose of the measurements is to assess human response to sound. In addition, such
spectrol analyses are usually sufficient 1o determine the effects on the total sound field of air absorption, ground
attenuation, ond barrier attenuvation.

Figure 2-8 shows an octave bond spectrum, a one-third octave bond spectrum, ond o 12.5 Hz constont
bondwidth spectrum for a typico! idling locomotive ot a distance of 100 feet, Note the increasing detail evident
in each spectrum as one progresses from the octave band spectrum to the 2.5 Hz constant bondwidth spectrum.

2.1.7 Humon Perception of Sound, A-Weighted Sound Levels

Human response to sound is o complicated function of the physical properties of the sound, the perceptual
process within the ear, and the psychological effect that the perceived sound elicits. The first two of these sets
of parameters are well defined; the last is less so.

The physical properties of sound waves have been discussed in the previous sections. The loudness of a
sound as perceived by the ear is ¢ function of the level and spectrum of the sound. The ear is much less sensitive
to low frequencies thon it is to high frequencies. Thus, for example, o pure tone gt 50 Hz would need to have a
sound level about 30 dB higher than that of a tone at 1000 Hz 1o be perceived as equally loud.
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Figure 2-7(a). 20 Hz Spectrum Passbands.

160

Band Edge: 22 | 44 i 88 I
Center Freq: 31.5 . 63 125
Frequency (Hz)

Figure 2-7(b). Octave Band Spectrum Passbands.
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Table 2-2

Band Edges and Center Frequencies fori
Octave and One-Third Octave Passbands™ *

Octave Bands One-Third Octave Bands

Lower Center Upper Lower Center Upper

Band Frequency Band Band Freguency Band
Edge (Hz) (Hz) Edge (Hz) | Edge (Hz) (Hz) Edge (Hz)
22.4 25.0 28.2
22 31.5 Ly 28.2 31.5 35.5
35.5 40.0 44,7
44.7 50.0 56.2
Ly 63.0 88 56.2 63.0 70.8
70.8 80.0 89.1

89.1 100 112

88 125 177 112 125 141

141 160 178

178 200 224

177 250 355 224 250 282

282 315 355

355 400 447

355 500 710 447 500 562

562 630 708

708 800 891

710 1,000 l,420 . 891 1,000 1,122

1,122 1,250 1,413

1,413 i,600 1,778

[,420 2,000 2,840 1,778 2,000 2,239

2,239 2,500 2,818

2,818 3,150 3,548

2,840 4,000 5,680 3,548 4,000 4,467

4,467 5,000 5,623

5,623 6,300 7,079

5,68C 8,000 il,360 7,079 8,000 8,913

8,913 10,000 11,220

11,220 12,500 14,130

11,360 16,000 22,720 14,130 16,000 17,780

17,780 20,000 22,390

* Superscripts refer to references at end of chapter.
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Figure 2-8. Examples of Idling Locomotive Spectra.
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In order to toke the ear's sensitivity ints gccount when discussing the effect of sound on humons, it is
common to describe o complex sound by its A-weighted sound level. This is a weighted summation of all of the
frequency camponents in the spectium of The sound; the weighting function being directly related to the
sensitivity of the ear. Table 2-3 shows the A-weighting coefficients as a function of one-third octave band
center frequencies. These coefiicients are added algebraically to the corresponding passband sound levels to
obtain the A-weighted band levels. The decibel sum of all A-weighted band levels is the A-weighted sound level,
usually symbolized by L .. Tre decibel sum af all unweighted band levels is the unweighted sound level of the
source, uvsually symbolize’g hy L.

Exomple 2-10:

Toble 2-4 shows an example of such computations for the octave band spectrum of an
idling switcher locomotive shown in Figure 2-8a.

Most sound level meters contoin electronic circuitry which automatically determines the A-weighted sound
level of o sound wave, A-weighted sound leveis of some typical sound sources are shown in Figure 2-9.

Although the units of both unweighted sound level and A-weighted sound level are the decibel, the symbols
dB(A) or dBA are ofter used to indicale thet the signal has been A-weighted, It should be remembered that dB,
dB(A), ond dBA all indicote the same unit — the decibel — and that the "A" only indicates that an A-weighting
opergtion hos been performed on the dota. The U.S. Environmental Protection Agency and various standardizo-
tion agencies tend to use only the symbol dB, choosing to indicate that the signal has been A-weighted by always
referring to the level as the "A-weighted sound level"; however, this proctice is not universal, so that some
coution should be used in determining whether or not a level quoted in dB has been A-weighted,

All railroad noise requlations discussed in this handbook are written in terms of A-weighted sound levels or
metrics derived from such ievels. :

2.1.8 | Charocterization of Time-Varying Sounds }

L

Most sounds that occur in the environment are not constent, but rother their sound level varies with time.

In orde: *o charccterize the leve! of such sounds, various metrics have been developed. Five such metrics, which

are commonly vsed for regulatory purposes, will be described here, These gre the exceedance percentile sound

level, the energy-equivalent sound fevel, the doy-night sound level, the noise dose, and the time-weighted
averoge level.

2.1.8.1 Exceedonce Percentile Sound Level

The exceedance percentile sound level, L, is the A-weighted sound levei thot is exceeded x percent of the
time during the meosurement period. Thus, for example, L g is the sound level that is exceeded |0 percent of
the time.

Cammun’ov neise onglvzers are ovoilable which will continuously monitor the sound at a given location ond
COMpLTE various excsedanse perterine scund levels. Althousgh some models of this equipment will determine up
to 99 such eveis fL!, Lz, N L”), four exceedunce percentile sound levels are most commonly used:

o Lgg the sound level exceeded 90 percent of the time, represents the bockground level for which no
singic source is identifiable; :

* L5C“°::he sound level exceeded 50 percent of the time, is the median sound level during the measurement
périoct;
s L4 the sound level exceeded 10 percent of the time, is a commonly used meosure of troffic noise; and

e L, the sound leve! exceeded | percent of the time, represents the rare joud noise events which
occurred.

To understend the precise meoning of these exceedance percentile levels and to
illustrate how they can be estimated from o plot of the temporal history of the sound
level, consider the following example, Figure 2-10{a) illustrates the change In sound feve!
with time for ¢ flat yord switching cycle in which a switcher locomotive approaches with
o cut of cars, brakes suddenly to reiecse the car being classified, and moves away. This
figure represents, for simplicity, @ smocthed version of Figure 4-16,

During the time period shown, the sound level changes over a ronge of 25dB. To
estimate various exceedance percentile levels, one first determines for what amount of
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Table 2-3

A-Weighting Coefficient52

OdtoeBond | AN || octeveBona | &GRS
Center (dB) Center (dB)
Frequency (Hz) Frequency (Hz)
25 -44.7 1,000 0
31.5 -39.4 1,250 +0.6
40 -34.6 1,600 +1.0
50 -30.2 2,000 +1.2
63 -26.2 2,500 +1.3
80 -22.5 3,150 +1.2
100 -19.1 4,000 +1.0
125 -16.1 5,000 +0.5
160 -13.4 6,300 -0.1
200 -10.9 8,000 -1
250 -8.6 10,000 -2.5
315 -6.6 12,500 -4,3
400 -4.8 16,000 -6.6
500 -3.2 20,000 -9.3
630 -1.9
800 -0.8
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Table 2-4

Unweighted and A-Weighted Spectrum of

An ldling Switcher Locomotive at a

Distance of 100 Feet

ch}evnetgrond Octave Band A-Weighting OAc -Tt[\?;gg;f\fi
Frequency Sound Level Coefficient Sound Level
(Hz) (dB re 20uPa) (dB) (dB re 20uPa)
3.5 68 -39.4 28.6
63 78 -26.2 51.8
125 72 -16.1 55,9
250 66 -8.6 57.4
500 65 -3.2 61.8
1000 62 ’ 0 62.0
2000 60 1.2 61.2
4000 49 1.0 50.0
TOTAL got!) — ¢7(2)

n ~ The unweighted sound level for this spectrum is:

L = 101og;y [1058 + 1078 & 1072 4 1056

L1055 4 1052 4 1050 L 10%9] . 798 B

Since the original octave band levels are only known to an accuracy of | dB,

this result is rounded to the nearest integer value of 80 dB.

@ The A-weighted souhd leve! for this spectrum is:

(10286 1810 0>

Ly = 101og), + 10%

. 10618 , 1820, |6.12

+ 10%00] | g75.8

Again, since the original octave band levels are only known to an accuracy of

| dB, this result is rounded to the nearest integer value of 67 dB.
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Threshold of Pain

Sonic Boom, Thunder

Pneumatic Hammer*

Locomotiveload Test (Throttle 8),
100 feet away

Alarm Clock

Vacuum Cleaner, 10 feet away

Freeway Auto Traffic,
100 feet away

Light Traffic,
100 feet away

Recording Studio

Rustle of Leaves

Youth's Threshold
of Hearing

B ey eyt e

Decibels
re 20uPa

140

130

120

110

100
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Air-Raid Sirens, 100 feet away

Jet Takeoff, 200 feet away

[Master Retarder, 100 feet away
Riveting Machine*

Rail Car Impact, 100 feet away

Lawnmower, 5 feet away

{Flat Yard Switch Engine Accel,, 100 feet away
Inside of Sport Car @ 50 mph

' [Refrigeraror Car, 100 feet away

Freight Train, 100 feet away

{Idling Locomotive, 100 feet away
Conversational Speech

Business Office, Average Residences

¥

Bedroom

Soft Whisper, 15 feet away

Breathing

* Operator's Position

Figure 2-9. A-Weighted Sound Pressure Levels of Typical Sound Sources.
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Figure 2-10(b). Exceedance Probability For Data in Figure 2-10(a).
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time various sound levels are exceeded. In the figure, horizontal lines have been drawn at
5 dB intervals from 60 to 85dB. The exceedance time is measured for eoch of these
levals. For example, as shown in the figure, the 70 dB ievel is exceeded during four time
periods, the durations of which are 19, 2, 4, and 24 seconds. Thus the total time for which
this level is exceeded is 49 seconds, which represents 40.8 percent of the tatal [20-second
measurement period.

Table 2-5 shows the exceedance times ond percentages for each of the levels indicated
in the figure. Also indicated is the percent of the total measurement period thot the
sound leve! was in eoch 5 dB interval. These are cbtained by subtracting successive
exceedance percentoges in the third cotumn,

Figure 2-10(b) shows a plot of the exceedonce percentoge os a function of sound level.
A smooth curve has been drawn through the six points from Table 2-5. Such o figure is
called a sound level exceedonce probability curve. From this curve it con be determined
that, for this example, the leve] exceeded 90 percent of the time (Lo, is €l dB, that §
exceeded 50 percent of the time (Lc,) is 68 dB, ond that exceeded 10 percent of the time ’
(LIO) is 77 dB, as is illustrated in fhé%gure.

Had smaller intervals been chosen at which to calculate the ameunt of time exceeded,
the exceedance probability curve would be more precise and the estimate of the t
percentile exceedance sound levels would be more occurate. Modern commercial
community noise onalyzers nermally use | dB increments in computing the exceedance
probabilities.

2.1.8,2 Energy-Equivolent Sound Level

The energy-equivalent sound level, L, is the level of the continuous constant sound that would contribute
to the environment the same amount of A-weighted ocoustic energy as did the octual time-varying source. L
is sometimes referrad to as the "averoge” sound level, aithough this con be confused with the arithmetic aver
sound level discussed below., L__ is commonly computed by sampling the time-varying sound level ot constont
intervals and forming on energysaqveroge of this set of sound levels.

The energy-average of g set of sound levels is the level corresponding to the arithmetic average of the
intensities of those sound levels. As a result, the energy-average of a set of levels is always greater thon the
arithmetic average of those lévels,

Example 2-12;

Figure 2-1t illustrotes the difference between the energy-averoge of two levels,
L) =90 dB ond L, = 80 dB,* and their orithmetic average. The arithmetic overage (L) of
these two levels Fg:

L'+L2
B o = 8548

The energy-average is obtained by computing the ocoustic intensities, l[ ond 12'
corresponding to these two levels and averaging the resuits:

i Peas Ly/10 2
1! =5 " pe ™ 10 = 0,000985 watts/m
2 2
p p. L,/10
1, - -‘% -2 w107 - 0.000098 watts/m?
I, +1
T. 12 . 000052 watts/m? .
Leq = 1010g;4 LC{— = 8.4 8
Pref

* Note that the notation now has a different meening than in the previous section.
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Table 2-5

Exceedance Data For Figure 2-10(a)

A-Weighted Exceedance Percent of Percent of Time
Sound Level Time Time Exceeded In Interval
(dB) {sec) (%) (%)

85 0 0.0
1.7

80 2 1.7
I4. |

75 9 . 15.8
25.0

70 49 40.8
A 25.9

65 80 ‘ 66.7
- 33.3

60 120 {00.0
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Figure 2-11. Difference Between Arithmetic Average and Energy Average of Sound Levels.



It is not necessary to octually convert levels to ocoustic intensities each time on energy-averoge is
computed. The squared-pressure is propertional ta the ocoustic energy, thus the energy-average of two levels,
L, ond Lo, is given by:

2 2 ‘
) WAL P |( Ly/10 '-2“0)]
Leq = 10 |Og|0 2(—2— + ) = |0 |og|0 [2 10 + 10 (2-18)
' Pref Pret

L ,,La -+, L) represents a set of N sound levels sompled at equal intervals over the desired period of
time, the r y-equiv}u\ient sound level is:

| ( L|/|O szlﬂ LN/IO)
Leq = I'Dloglo B 10 + |0 ¢ oae + 10 (2-19}

The term in brackets is proportional to the overoge of the squared rms pressures corresponding to the N
sound levels and thus is @ measure of the average acoustic energy emitted during the mecsurement period.

A programmable calculator progrem to compute the L of a sequence of sound levels is given in
Appendix B. =q

The durction of the measurement period, in hours, is often indicated in o parenthesis following the
;ﬁﬁif;v"::!;é:hus' for exomple, Leq(” indicates a cf‘Ye-hOUT average, L, 7) © two-hour averoge, and Leq-(ZQ) a

Integrating sound level meters are ovailable which measure not only the instantaneous sound leve! but olso
the equivalent sound level during a given period of time.

In oddition, the equivalent sound level can be estimated from the exceedonce probability data for the
period of interest. Such on estimate is given by o time-weighted average of the squared-pressures corresponding

to the acoustic signal. That is, if the range of variation of the sound leve! is subdivided into N equal intervals,
then:

g L;/10
Leq = 10109 z' . x 10 (2-20)
=

where fi is the fraction of the time period that the level is in the i'th interval, and

Li is the sound level gt the center of that interval.

Example 2-}3:

Consider again Exarmple 2-11. The fina! column in Table 2-5 shows the percent of the
measurement time period that the sound level was in eoch 5 dB interval. A histogram of
these percentages is shown in Figure 2-12. Such a figure is culled g probability density
fonction.

The weighting foctor for eoch Interval, f, in Equation (2-20), is just the percentoge
shown in the figure converted to a froction. Thus, for the 60 to 65 dB interval, the
weighting factor is 0.333. The level ot the miq”“’fz%/mis interval is 2.5 dB. Thus the
contribution to L__ from this band is 0.333 x 10°%°"'%, The estimate of the total
equivalent sound 189! in this example is:

Leq = 10109 [10.333 x 1052%) + (0.255 x 10575) . (0.250 x 107-25)

« @bl x 10775 4 0017 x 10825)]
= 10log;q [592,167 + 1,456,064 + 8,645,698
+ 7,929,012 + 3,023,075]
= 1010go [17,646,616] = 7248

A more occurate estimate of L could be obtained by using a smaller intervat
between levels than the 5 dB employ ve.
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2.(.83 Day-Night Sound Level

Day-night sound level, L‘h' is similar to the emergy—equivalent sound level defined for _a_Z.B-hour period,
L,,ig,), but sound levels occurring during the 9 nighttime hours (10:00 p.m. te 7:00 a.m.) are artificially penalized
by the addition of 10 dB. If Ly is the energy-equivalent sound ievel for the |5 daytime hours (7:00a.m. to 10:00p.m.),
ond L, is the energy-equivalent sound leve! for the nighttime hours, then the day-night sound level is defined as:

L /10 [ I IO)![O]
~ |5 d 9 n
Lch" IO!oglo[z-Ex 10 +-21.-X 10
Community noise onalyzers are currently available which will measure ond store hourly equivalent sound

levels, ond after a 24-hour period compute the corresponding day-night sound ievel. A programmable calculator
program is provided in Appendix B fo colculate Ldn from the individual Ld and L'.l values.

(2-21).

Exomple 2-14:

Suppose that the equivalent sound leve! ot a given site during the daytime has been
found to be 75 dB and that during the nighttime has been found to be 70 dB. The day-
night sound Jevel is thus given by:

15

= 101og;q [{,,5; x 107 4 o2 me.o]

= 10logyo [19,764,233 + 37,500,000]

L 1075/10 "71% < 1070+ |0)/|o]

5

= 101og)q [57,264,233] = 788

To see the effect of the [0 dB nighttime penalty, consider what the 2h-hour energy-
equivalent level wouid have been in this example. This 2Z4<hour energy-equivalent level,
as a function of LyondL,, is given by:

Lg/10 L,/10
Legtzey = 01093q [1',5 . i0d e x 10" ] (2-22)

Thus:

15 15 2 7.0
LQCKZA) = lOIogm [21- x 10 A 0 ]

= l0log,y [19,764,233 » 3,750,000]

= 10log,, (23,514,233] = 4B

For mony roilrood yards which operate continuously for 24 hours, the wvolues of Ld ond L_ are
opproximately equal, In such o case the value of Lgnis 6.4 dB greater thon the valve of Leq(2"i)' n

2.1.8.4 Noise Dose ond Time-Weighted Average Leve!

The noise dose, D, differs from the previous three metrics in that it is not a level ot all, but rather a
summation of a series of rotios of time intervols. |f a series of A-weighted sound levels gr Lgo » o o Ly oceurs
during the time of interest, the percent noise dose received during that time is defined as:

cep C(Lz) C(LN)
D= 100 x b mm—— g ..+ (2-23)
TL I) T (LZ) T Ly

where Cﬂ‘l) is the actual time interval over which level Li occurred, and

T(Li) is the aliowed time interval for that level,
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The ailowed times currently used in computing noise dose for the LIS, Occupational Safety and Health
Administration (OSHA) regulation of workplace noise are given by the relation:

: T = 8 x 290715 poury (2-260)
or equivalently:
T) = 8 x 100~ IEET 1oy (2-248)

Thus o level of 85 dB is allowed for 16 haurs, ¢ leve! of 90 dB is allowed for B hours, a level of 95 dB is allowed '
for 4 hours, ond 30 on, with o halving of time for eoch 5 dB increase in level. For the OSHA regulation, the
summation in the noise dose caleulation is over one of two sets of levels:

(a) To determine if o hearing conservation program must be initiated, levels between 80 and 130 dB must
be included in the summation in Equation {2-23)%

(b) To determine if administrative or engineering controls must be odopted to reduce noise exposure, levels
between 20 and | 15 dB must be included in this summation.

A noise dose in excess of 50 percent, culculafed‘ using (a) above, indicates that a hearing conservation program is
required. A noise dose in excess of 100 percent, calculated using (b) above, indicates that an employee's noise
expasure must be reduced using administrative or engineering controls.

Current Federal Railrood Administration (FRA) regulations on locomotive cab noise use the OSHA
definition of allowed time, However, they extend the summation in Equation (2-23) to levels between B7 dB ond
115dB. A noise dose exceeding 100 percent is a viciation of the regulations and mo non-impulsive levels over
115 dB8 are allowed.

Electronic instruments, called noise dosimeters, are ovailable to monitor noise levels continuously and
display the accumulated value of noise dase. Alternatively, if the temporal history of the sound level is
sufficiently simple, the equations abave con be used to calculate the noise dose.

Sometimes the moise dose is characterized in on alternate form as o dose-equivalent sound level. Ina
manner onalogous to the energy-equivalent sound level, described above, the dose-equivalent sound fevel is the
level of the continuous constant sound that would contribute to the environment the same noise dose as did the
actual time-varying source. The dose-equivalent sound level, Ldeq' is related to the dose by:

8 D
Lgeq = 0 + 16611050 [+ By (2-25)
where D is the percent noise dose received and
T is the total exposure time in hours,
A special case of the dose-equivalent sound level is defined in the OSHA regula1ion3 ond is calfled the

8-hour time-weighted average (TWA) level. For the B-hour TWA the time, T, in Equation (2-25) is set equal to
8 hours, resulting in:

TWA = 90 + 16.6] log g [T%] : (2-26)

Both OSHA and FRA regulations require that, if an employee's 8-hour TWA exceeds 90 dB, his noise
exposure must be reduced until it is brought below 90 d8. OSHA regulations further require that if his B-hour
TWA exceeds 85 dB, he must be provided with a comprehensive hearing conservation program, The elements of
such a program are described in Section 2.3.3.6.

Exomple 2-15:
that g locomotive engineer is exposed to the following moise sources during an
eight-hour work shift:
A-Weighted Exposure Time Allowed* Time
Noise Source Sound Leve!, dB Hours Hours
Horn 9% 0.2 3.5
Broke 94 0.i 8.6
Engine — Notch B8 87 1.6 9.2
Notch 7 & 6 87 0.4 l2.1
Notch 5 & & 86 0.5 13.9
Notch 3 a5 0.3 16.0
Notch 24 ] 84 4.9 18.4
*+ See Table 2-8,
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For the purpose of determining if the employes must be included in a hearing conservation
program, the range of levels to be included in the summation is 80 1o |30 dB, thus the dose is:

4.9 0.3 0.5 0. |.6 0.} 0.2
[m*w*m'm*w’ﬂ*ﬁ]

100 x [0.266 » .09 + 0.036 + 0.033 + 0.I74 + 0.022 + 0.057]= 60.7%

D= 100 x

1]

"

Since this dose exceeds 50 percent, this employee must be provided with o hearing
conservation program. The B-hour TWA corresponding to this dose is:

TWA = %0 + 16.61 kg, [‘i"&"] 50 + 16.61(-0.217) = B6.4 dB

For the purpase of determining if the employee's noise exposure must be reduced, ‘fhe
FRA regulation requires levels from 87 dB to 115 dB to be included in the summotion.

Thus the dose is:

o=|oox[-r%-_r,-;-_§-.-2:-é-.-%§-]

= 100 x [0.033 + 0.176 + 0.022 + 0.057] = 28.6%

Since this dose does not exceed |00 percent, the employee's noise expasure need not be
reduced. The B-hour TWA corresponding to this dase is 81.0 dB.

2.1.9 I Effects of Sound on Humans, Noise

The effect of sound on a listener depends not only on the level ond spectrum of the sound, but alsc on its
information contert and on the listener's interpretation of that content, Noise is generally defined as unwonted
sound. However, although the physical properties of the sound can be precisely defined, the "wonted-ness” of the
sound cannot, Thus the definition of noise depends on the nature of both the sound and the listener.

For example, a dripping faucet may have a sound level that is so low as to be almost immeasurable against
the bockground noise, yet it can be extremely onnoying 1o o person trying to concentrate ond would certainly be
considered as noise. On. the other hond, a rock concert being ployed through o high-powered amplifier con have
levels approoching the threshold of pain, yet may be guite enjoyable 1o a teenager. These two exarnples
illustrate that the level alone is ot sufficient fo label o sound os noise,

As a further example, the sound of o cor's engine may have o moderate level as measured by a sound leve!
meter; yet 11 con be onnoying to a passenger while ot the same time being comforting to the driver, who, becouse
of the information content of the sound, knows that his engine is operoting properly. Thus the same sound con be
noise 1o one person and yseful information to onother person,

Despite these examples, however, o loud sound is generolly likely to be less desirable than a quieter sound.
Very ioud sounds con affect the listener's hearing, sither permanently or temporarily, or con interfere with the
activities of the listener. This section wil! briefly describe the following effects of sound on people:

Hear ing Loss
Speech Interference
Sieep Disturbonce
Task Interference
Anncyonce

2.1.9.1 Hearing Loss

Exposure fo high tevel noise for long periods of time con produce physical chonges in the structure of the
inmer ear thot decrease the ability to hear. Some of these changes are temporary, with the hearing ability
rerurning fo rarma! sometirme after the sound has stopped. If the sound is sufficiently loud or persistent,
permonent changes may occur in the hearing ability. If the listener is often exposed to loud sounds, temporary
hearing losses may become permanent.

A guontitative discussion of such hearing loss is beyond the scope of this handbook. Complete agreement
does not exist between experts os to the levels, spectro, and exposure times that leod to different types of
hearing loss. This is so becouse hearing loss is not completely deterministic; different people con be affected
differently by the some sounds. In oddition, it is not possible to perform controlled experiments which cause
var lous degrees of hearing loss in subjects. Instead, statistical onalyses must be performed on the hearing losses

2-29



of people who have been expoted to various levels of sounds during the course of their working lives. Rarely is
the noise exposure occurctely known, especially since the noise received after worki{\g hours must also be
considered. There is also a question of how much hearing loss occurs normally with age, independent of externa!
noise exposure.

A qualitative estimate of the range of levels which could potentially lead to hearing losses con be obtained
by considering the current regulations of the Octupational Safety and Health Administration, des.cnbed in the
discussion on noise dose in the previous saction. These restrict an employee's maximum 8-hour time-weighted
gveroge level to g volue of 90 d8. An employee may be exposed to fouder sounds but only for shorter periods of
time; the trade-off being a halving of time for soch 5 dB increase in level. Current FRA regulations extend the.
OSHA limits to restrict an employee's maximum [2-hour exposure to levels of 87 dB.

These regulations attempt to minimize the cumulative hearing loss of employees over a &0-year working
period. There is considerable controversy in the psychoocoustic community as to whether or not the OSHA
regulations are sufficiently strict, Some would prefer to see g maximum allowed 8-hour leve! of 85 dB ond @
time/level trade—off in which a halving of exposure time occurs for each 3 dB increase in level. Others consider
continved exposure to A-weighted levels above 70dB to be potentially harmful. The LLS. Environmental
Protection Agency identifies @ maximum L 2% of 70 dB as being requisite to protect against hearing loss.
OSHA has been deliberating for several waﬁ al attempt to resolve this issue, but has not yet done so.

2.1.92 Speech Interference

Bockground noise can affect the ability of one person fo understand the speech of another. This is
especially true when much of the bockground sound energy is between 500 and 2000 Hz, which is the frequency
range in which most speech lies. Whether or not a given sentence will be understood depends on the level and
spectrum of the bockground noise, the leve! and spectrum of the speech at the listener's position, and the
complexity of the sentence. .

Figure 2-13 illustrates the difficulty of communicating at vorious distances for differing background noise
levels. This figure shows, for example, that at o distance of 10 feet communication in a normal voice is possible
with bockground A-weighted sound levels below 57 dB, communication in @ raised voice is possible with
bockground levels of 57 to 75 dB, communication with a shout is possible with background levels of 75 to 95 dB,
and communication is generally impassible with background levels above 95 dB.

2,1.9.3 Sleep Disturbance

Whether or not one's sleep wil! be disturbed by noise depends on several factors other than the sound level,
These include:
Familiarity with the noise;
The oge of the sleeper;
The amount of sleep deprivation;
The stoge of sleep; and
The temporal nature of the sound.

One gradually becomes occustomed to background noises of low and moderate levels so that a familiar
noise of a given level will be less likely to awoken a sieeper than on unfamilior noise. The likelihood of
awakening is also a function of the sleeper's age, older people being more sensitive to intrusive sounds. A person
who has been deprived of sleep will be less likely to be awokened by sound of g given level than will a more
rested person.

There are four recognized stages of sleep which correspond fo various levels of brain wave activity.
Generally peopie would be awakened from the first two stoges by sounds that hove A-weighted lavels above
40 dB. In order to cwaken from the two deepest stages of sleep, levels of 85 dB or grecter must be experienced.

Finally, the temporc! nature of the sound also determines the probability of awakening. Impulsive sounds
are more likely to gwoken a sleeper thon are continuous or rhythmic sounds,

2.1.9.4 Task Interferance

When o task requires conversation with others or the ability to hear an acoustic signal, noise of sufficient
jmvel to Intarfere with the understanding of the signal (see Figure 2-13) will cause task interference. In
situations where tosks do not involve understanding acoustic signals, the effects of noise on performance have
been found to be difficult to assess, since there is poor correlation between noise |level and productivity.

In genercl, however, there is ogreement on the following poims:6

& Steady noises without special meaning do not interfere with human performance unless the A-weighted
levels exceed 90 dB.

[ Jrregul% bﬂEJrs?s of noise are more disruptive than steady noises even when their A-weighted levels are
below 90 dB. ‘
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e High-frequency compaenents of noise (above 1000 Hz) produce more interference with performance than
do low-frequency components,

e Noise does not seem to reduce the overall rate of work; instead high levels increase the variability in
the work rate,

e Noise is more likely to reduce the accuracy of werk thon to reduce the total quantity,
o Complex tasks are more likely to be odversely affected by noise than are simple tasks.

2.1.95 Annoyance

An individua!'s annoyance ta noise is g function of many factors, both acoustic and non-ocoustic:

¢ Sound level and fiuctuations in sound leve! with time;
o Spectral content and fluctuations in spectral content with time;

Duration and changes in duration with time;

e Information content of signal (i.e., is noise of use to listener?)

e Locaglization of moise source (i.e., can a specific source be identified?);
.

Relation of noise source to listener (e.g., is listener causing the noise? I[s listener’s job dependent on
factory causing the naise?);

Listener's activity;
e Predictability of noise (i.e., does the noise occur randomly or can listener predict when it will occur?);
o Differences between individuals (i.e., al! persons do not react the same to the some noise).

There does not oppear to be g critical sound level below which no one will be annoyed and above which
everyone will be annoyed. Rather a continuous range of recctions to sound exists with leve! of annoyonce
increasing with increasing sound level. As on example, Figure 2-14 shows qualitatively the ronge of individual
reactions to A-weighted gircraft sound levels.

Studies similar to that which produced Figure 2-14 have been conducted on communities as o whole,
Typically, such studies consist of both community noise measurements and samplings of individual household
responses as determined by a questionnaire, The community noise levels are quontified using one of the metrics
for time-varying sound; the community response is also quantified. Relations are then obtained between the
response ond the metric describing the community noise. Figure 2-15 shows the results of a series of such
studies carried out in communities near airports. .

Figure 2-16 shows a synthesis of eleven different studies carried out in communities in Europe and the
United States, some of which were near railroad noise sources. One can see that although there is o wide scatter
of points about the gveroge of the data, there is a consistent trend of increased annoyance with increased day-
night sound level. )

2.1.10 | Noise Standards and Regulations

The purpose of this section is to describe, in generol terms, the types of ocoustic metric used in various
federal, state, and local noise standards ond ordinances, and to indicate the range of noise criteria commonly
used for these metrics.

2.1.10.] EPA Recommended Noise Levels

The Noise Control Act of 1972 directed the Administrator of the U.5. Environmental Protection Agency to
"publish information on the levels of environmental noise the attainment and maintenance of which in defined
areas under various conditions are requisite to protect the public health ond welfare with an adequate margin of
safety.”

In response to this directive, EPA published in March 1974 a document entitled "Information on Levels of
Envirsorents! Noise Requisite to Protect Public Health ond Welfare With an Adequate Margin of Saofaty".
Table 2-6 summarizes the noise levels identified in this document. In order to protect against octivity
interference and annoyance, a 24-hour equivalent sound level metric is used for areas in which sleeping normally
does not occur, while a day-night sound level metric is employed in areas where sleeping does occur. To protect
ogainst hearing loss, @ 24-hour equivalent sound level metric is used.

It should be emphasized that the levels presented in Table 2-6 are not to be construed as regulations since
they do not toke into occount cost of technical feasibility. Rather, They should be considered as desirable
vitimaote goals. In oddition, they should not be considered cs levels controlling discrete events, The metrics
employed are 24-hour energy avercges and, thus, periods of instantaneous sound levels higher than the figures
indicated in the table may be averoged out by periods of time when the instantoneous sound levels are lower than
these levels,
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Table 2-6

Summary of Noise Levels* Identified as
Requisite to Protect Public Health and Welfare
With an Adequate Margin of Safety?

Effect

Level

Area

Hedring Loss

All areas.

Qutdoor Activity
Interference and
Annoyance

n

Leqan) < 358

Qutdoors in residential areas and farms and
other outdoor areas where people spend widely
varying amounts of time and other places in
which quiet is a basis for use.

Outdoor areas where people spend [imited
amounts of time, such as school yards, play-
grounds, etc.

Indoor Activity
Interference and
Annoyance

Ldn < 4548

Ceqtzu) < 45 B

Indoor residential areas.

Other indoor areas with human activities such
as schools, etc.

* Note that these are not regulations since they do not take into occount cost or
technical feasibility.
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The Logfzy) level identified s protecting ogainst hecring loss was determined from the following
considerations:

& An Logg) of 73 dB, averoged over a 40-yeor working life, protects 36 percent of the population from
greater fhan a 5 dB permanent hearing loss at 4000 Hz, the frequency at which the human eor is most

sensitive;

» An increcse of 5 dB cbove this level is allowed in order to occount for the foct thot most enyironmenml
noise is intermittent and that an intermittent noise couses less hearing domage than @ continuous noise
of the some Leq;

e A reduction of 1.6 d8 is introduced to correct for the foct that the 73 dB level above is based on 250
days of occupational exposure, whereas the EPA document must consider o 365-day-per-year noise
exposure;

® A 5dB decrease is introduced to convert from an B-hour exposure to o 24-hour expasure (this assumes
that the noise levels experienced outside of working hours are considerably lower than those
experienced at work); and

e A 1.4 dB reduction is introduced to allow o margin of safety.
Thus the identified level is:
‘ ez = 73+ 5 - L6 =5- 16 = J0d8

The Legf2u) ond Lgn levels identified as requisite to protect ogainst indoor activity interference ond
annoyance are based primarily on the protection of speech communication, In order to pravide for 100 percent
intelligibility of speech sounds indoors, @ bockground level of 45 dB or less is required. Thus a maximum Leq( 4)
of 45 dB is identified as the desired requisite level. By requiring on L, of 45 dB in residential areas, one alse
ensyres that the indoor nighttime level will be on the order of 35 défnc value consistent with ovailable sleep
criteria. .

The L 2u) o Lgn levels identified with protecting ogainst outdoor activity interference and annoyance
are consistent with the indoor levels if a typical 15 d8 reduction in sound leve! between outdoors and indoors is
assumed and a S dB margin of safety is applied. Thus an indoor level of 45 dB is associated with an outdoor leve!
of 60 dB, which allows normal conversation at distences up to € feet with 95 percent sentence intelligibility., The
5 dB reduction to 55 dB in order to provide "an adequate margin of safety" tokes into account other adverse
effects on octivity interference, Table 2-7 shows the expected human response to an L4, of 55 dB.

Although the EPA "Levels Document™ identifies Leq(zq) ond L4, as the metrics by which noise levels are to
be assessed, cil of the regulations that hove been promwligated by EPA are in the terms of either instontoneous
A-weighted sound levels or in terms of an energy averoge of a small number of such instantonecus levels. |n
principle, the regulation of instontanecus levels will control the valve of Lag(24) and Lgn in a given situation.

In oddition to some of the regulctions discussed in this handbook, EPA has promulgated final noise
regulations on interstate motor carriers, portable air compressors, newly manufoctured medium- ond heavy-duty
trucks, newly manufoctured solid waste compoctors (garbage trucks), ond newiy menufoctured motorcycles and
matarcycie replocement exhoust systems.

2.1.10.2 O5HA ond FRA Noise Exposure Regulations

As mentioned previously in defining noise dose in Section 2.1.8.4, OSHA Regulotions on occupational noise
exposure3 and FRA Regulations on locomotive cab noise? both use the noise dose metric fo control the
employee's noise exposure.

Both OSHA ond FRA require that if on employee's noise dose exceeds 100 percent, his noise exposure must
be reduced. OSHA further requires that if his noise dose exceeds 50 percent, the employee must be provided a
comprehensive hearing conservation program. In eoch case the noise dose is defined as;

Ly
D = 100 x z cw @2-27)

where C (L) is the octual time duration over which level L accurred, ond
T (L) is the cllowed time duration for that level.
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Table 2-7

Summary of Human Effects Associated Wlfh
An Outdoor Day/Night Sound Level of 55 d8?

Type of Effect

Magnitude of Effect

Speech - Indoors

~ Qutdoors

|00 percent sentence intelligibility (average) with a
5 dB margin of safety

100 percent sentence intelligibility (average) at | foot
99 percent sentence intelligibility (average) at 3 feet
95 percent sentence intelligibility (average) at 10 feet

Average Community Reaction

None evident; 7 d8 below level of significant
"complaints and threats of legal action" and at least
{6 dB below "vigorous action"

Complaint Level

| percent {dependent on attitude and other non-level-
related factors)

Annoyance Level

17 percent (dependent on attitude and other non-level-
related factors)

Attitudes Towards Area

Noise essentially the least important of various factors
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The summation limits, Ll ond L2' are defined as follows:
(a) OSHA Heoring Conservotion: L = 80 d8, L, = 13048
(b) OSHA Noise Exposure Reduction: LI = 90 dB, L2 = 11548,
(c} FRA Noise Exposure Reduction: L = 87dB,L, = 115d8.

The allowed times In these dose calculations are given in Figure 2-17, which corresponds 1o a continuous curve
through the points in Table 2-8,

2.1.10.3 State ond Local Requlotions

Several states ond many focal communities have quontitative noise ordinances controiling ncise emissions
from various noise sources, Most of these regulations use the instontaneous A-weighted sound level as their
basic metric, although a few communities alsc use octave band sound levels ond a few others use on energy-
avergge equivalent sound level or a day-night sound level.

The regulations employing such quantitative noise metrics tend to be of two general types:

e An ordinance controlling the sound level at the boundary line between two properties with the allowed
leve! being a function of both the land use (or zoning) of the adjocent properties and the time of doy;

e Ordinances contralling the maximum sound level from specific sources (e.g., motor vehicles, recrea-
tional vehicles, etc.) as measured at a well-defined position reiative to the source.

Allowed maximum levels in existing stote boundary line noise regulations range from 45dB to 80 d8
depending on the zoning of the property and the time of day. Generally lower levels are required in residential
areas thon in commercial ond industrial oreas. It is best to check with local governmental officials 1o determine
the exact nature of the noise ordinonces that exist in the community of interest,
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Table 2-8

Permissible OSHA Noise Exposures3

A-Weighted Sound Leve! | Allowed Time A-Weighted Sound Level | Allowed Time

In dB, Slow Response (Hours) In dB, Slow Response (Hours)
80 32 106 0.87
8l 27.9 107 0.76
82 24.3 108 0.66
83 21.1 109 0.57
B4 18.4 10 0.5
85 16 i 0.44
86 13.9 112 0.38
87 12.1 13 0.33
88 10.6 114 0.29
89 9.2 115 0.25
90 8 11é 0.22
91 7.0 117 0.19
92 6.2 118 0.16
93 5.3 19 0.14
94 4.6 120 0.125
95 4 121 0.1
96 3.5 122 0.095
97 3.0 123 0.082
98 2.6 124 0.072
99 2.3 125 0.063
100 2 126 0.054
101 1.7 127 0.047
102 1.5 128 0.041
103 1.4 129 0.036
{04 1.3 130 0.031
1735 |
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2.2 Noise Measurement Procedures

- This section describes the general elements involved in plonning, executing, ond reporting a noise
meacsurement program. The first subsection briefly describes the types of acoustic instrumentation commonly
used for field measurements and for further onalysis of recorded data in the laboratory. This is followed by o
discussion of the steps that are required to properly design ond corry out an ocoustic measurement program. The
third subsection summarizes the effects that environmental variables con have on the measured dota. The
section closes with a discussion of the general safety considerations that must be taken into account when one is
on railroad property.

2.2.1 Instrumentation For The Measurement And Analysis of Sound

This section provides o brief description of the instruments required for the measurement and onalysis of
sound. Figure 2-18 illustrates a generalized acoustic instrumentation system, typical of the type used to study
the instantaneous characteristics of noise sources. Information derived from such a system include the sound
level and spectrum and their temporal characteristics.

The pressure fluctuations in the sound wave are first detected by @ microphone where they are transformed
into on electrical signal. This signal is then sent fo ¢ sound level meter for processing. At this stage, the sound
level of the noise is determined. If required, o permanent record con be made by recording the signal on
magnetic tope. A grophic level recorder and spectrum analyzer con be used to calculate ond display the
ternporal and spectral characteristics of the noise. To measure parometers such as exceedance percentile sound
leve!, equivalent sound level, or noise dose, speciclized equipment such as community noise onalyzers,
integrating sound level meters, or noise dasimeters are used.

2.2.1.1  Microphones

The function of a microphone is fo convert a varying sound pressure into an electrical signal. The
electrical signal is a replice of the time history of the sound pressure. There are three types of microphones
widely used for noise measurements: condenser, electret, and crystal.

All three types cre cylindrical in shope, with typical diameters of | inch or 1/2 inch. Condenser aond
electret microphones can also be found in smaller diometers, As the diometer of a microphone decreases, its
frequency response increases ond its sensitivity (i.e,, the output voltoge for o given input sound pressure)
decreases. One-inch and |/2-inch microphones have sufficient frequency response and sensitivity for railroad
noise measurements.

A _condenser microphone consists of o thin metollic disphrogm and rigid bockplate. The diaphragm ond
backplate are electrically insulated from each other ond constitute the plates of a capocitor, Sound pressure
forces the diaphrogm to move with respect to the bockplate, with a resulting change in copacitence. When a DC
polarizing voltage is applied between the plates, this change in copacitance produces an electrical signal that is
proportional to sound pressure.

Condenser microphones have o more linear frequency response and are more stable with time and
temperature, thon other types of microphones.

The condenser microphone does have some drawbacks, the maost important of which is its sensitivity to
maisture. For example, when a microphone is moved from a cold to a warm environment, condensation can form
on the diaphragm, causing on electrical short circuit which superimposes a "crackling® or "popping" noise on the
actual acoustic signal. To reduce the presence of moisture, smalil silica-ge! chambers are available which can be

. attached to the microphones. Built-in hecters are also employed for the same purpose on some microphone
systems.

The electret microphone functions very similerly to o condenser microphone; it differs by the fact that it
does nat require a polarization voltage. [t uses @ thin plastic sheet, which has a conductive coating on one side
serving as one plate of the capacitor. The other side of the sheet rests on a perforgted, metollic benchplate
forming the other capocitor plate, supported by raised points. The long-term stability of this type of microphone
is not quite as good as a condenser microphone. :

The crysta!l microphone utilizes o piezoelectric crystol, which generates small currents in response to
stresses opoiied through the digphragm.  Crystel microphones are cheaper and more rugged than condenser
microphones, but do not exhibit the same precision or long-term stability, With the advent of inexpensive
electret microphones, crystal microphones are becoming less common in modern equipment.

The microphone assembly often used for sound measurements censists of both @ microphone cartridge end a
preamplifier. The frequency response and the dynamic range of the assembly are related to the microphone
diameter and to the type of preamplifier. For condenser and electret microphones, the lower frequency limit is
generclly determined by the particular preamplifier used while the upper limit may be determined by either the
preamplifier or the microphone. Both |-inch- and /2-inch-diameter microphones are typically used for railread
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sound measurements. The [-inch microphone has o larger dynamic range, but a poorer high-freque.ncy response
than a 1/2-inch microphone. One-inch condenser microphones have a high-frequency cutoff typically around
10 kHz, while the 1/2-inch microphone can detect frequencies to 20 kiHz.

The microphone preamplifier is used to amplify the electrical signal of the microphone cartridge and 1o
match the impedance of the microphone to the following amplifier stoge. Some preamplifiers have a built-in
heating element to prevent the formation of condensation on the diophragm of the microphone. The choice of
preamplifier will depend on the microphone cartridge used; microphone manufacturers gengmlly sugges! an
oppropricte combination, Most sound level meters have a built-in microphone ond preamplifier so no further
choice is necessary.

2.2.1.2 Microphone Calibration

Several types of microphone calibrator have been developed, the two most common being a mechanical
device, called a pistonphone, and an electrical device. Calibration with these devices involves placing a
microphone inside a closed cavity where it is exposed to o known sound pressure level at one or more
frequencies. Typical calibration levels range from 90 to 125 dB at frequencies between 250 and 1000 Hz with on
accuracy of up to +0,2 dB, The levels are high so that calibrgtion con be performed in noisy environments.

2.2.1.3  Sound Level Meters

The basic instrument used for measuring sound is the sound level meter. It is generally a small, portable,
battery-powered unit. Figure 2-19 illustrates the basic components of the instrument.

The sound level meter consists ¢f a microphone/preamplifier system fo detect sound pressure; a calibrated
omplifier to raise the signal input to a useful level; weighting circuits to odjust the frequency response
characteristics; a second calibrated amplifier to adjust the amplification to a value appropriate for the detector;
a detection circuit to provide the desired response time (i.e., fast or slow); ond an output meter to display the
sound level. For outdoor measurements, a windscreen is commonly ploced on the microphone to reduce wind-
microphone interoction noise.

There are four classes of sound leve! meter in common use: Type 0 — Laboratory; Type | — precision field
use; Type 2- general field use; and Type 3 - survey applicotions. The main difference between these
instruments _is in the toleronces allowed by the International Electrotechnical Commission (IEC) Publi-
cation 651,10 Type | and Type 2 sound level meters are typically used for railroad noise measurements.

The weighting circuits ore used to select the frequency response of the meter. The common networks
include A-, B-, C-, ond linear weightings. As discussed in Section 2.1.7, the A-weighting network most closely
represents the frequency response of the human eor to moderate-level sounds. Also, it has been found that the
annoyance caused by environmental noise is most closely reloted to the A-weighted sound level, For these
reasons, this is the most widely used network, The B-weighted network is rorely used; it was originally designed
to simulate the ear's response to more intense sounds than those corresponding to A-weighting. The C-weighted
network, which matches the ear's response to very intense sounds, is roughly flat over the audible frequency
range. The linear response network is flot over the whole instrument range.

. The sound level is displayed on either a meter or a digital regdout. The output is designated as either
"fast” or "slow" response. When on the "fast" setting, the output shows the level of the sound based on an rms
pressure averaged over about 1/8 second. The "slow" setting provides for o longer term average of about one
second.

Some sound leve!l meters include g "peak hold" or "max hold" circuit which stores the value of the moximum
sound level that occurred since the circuit was last reset. Such o feature is voluoble for carrying out
measurements of sources moving relative to the observer, in which the maximum passby level is desired. Some
care must be taken, however, in using this feature since the maximum level will be retcined whether or not it
ceme from the desired source. For example, sounds made by the observer near the microphone may exceed those
of the more distant source and will thus be retained as the maximum level. When using such a circuit, one must
continually be aware of the sources of the louder sounds. By observing the range of instantaneous sound levels of
the desired source as it passes and comparing them to the value retained in the peak hold circuit, one can ensure
that the maximum value was indeed from the source of interest.

2.2.1.k  Mognetic Tape Recorders

Magnetic tape recorders are an integral part of many dota ocquisition systems. They are used to make
permanent reproducible records of the sound that con be subsequently analyzed in the laboratory. In this way,
detailed analysis may be performed using sophisticated instrumentation that is unsuited to field use.

To fulfill this function, it is necessary that the recorder accurotely reproduce the original signal. The
frequency response and the dynamic range of the recorder define how faithfully the signal is reproduced. The
tape speed determines the frequency range over which the response is linear — the higher the speed, the broader
the frequency range. Instrumentation recorders typically have speed ranges from 1-7/8 to 60 inches per second.
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The two generic types of tape recorders commonly used for acoustic dato collection use either amplitude
modulation {AM) or frequency modulation (FM) of the signal in the recording process. Of these, the AM method
is the most widely used. This type of recorder is considerably less expensive to buy and operate than an FM
recorder. The FM recording system extends the linear frequency response down to very low frequencies and
provides increased signal-to-noise ratio ond dynomic range over that of AM recordings, However, these
advantages are gained of the expense of o higher tope speed, thus requiring more tape than AM systems.
A relatively new innovation, the PCM (pulse-coded modulation), or digital tape recorder, is currently being
introduced to the marketplace. This type of recorder will provide o far better signal-to-noise ratio and dynamic
range capability than even the FM recorder.

2.2.1.5 Spectrum Analyzers

The function of a spectrum analyzer is to determine the distribution of energy over the ocoustic spectrum.
An analyzer generally consists of one or more filters connected to one or more detectors. It is usually named
according to the type of filter used; e.g., if an analyzer contains a set of filters passing octave bands, it is known
as on octave-band anclyzer.

The output of each filter contains only those frequency components of the input signal which fall within a
restricted frequency range called the passband of the filter. These components are then detected to define the
sound level at the center frequency of the filter, The process is repeated with other passbonds until the entire
frequency range has been covered.

Two types of filters which are used in spectrum analyzers are constant bandwidth and constant percentage
bandwidth, A constant bandwidth filter is one in which the width of the passband is constant regardless of the
center frequency. A constant percentage bandwidth filter is one in which the width of the paossband is
‘proportional to the center frequency; thus the bandwidth increases os the center frequency increases. Constant
bandwidth analyzers utilizing narrow bandwidth filters are generally chosen when the purpose of the sound
measurement is to cbtain o detailed frequency analysis in order to determine the origin of the measured sound.
Constant percentage bandwidth aonalyzers, such as those utilizing octave ond one-third octave bands, are
normally used when the purpose of the measurements is to assess human response to the sound.

2.2.1.6 Graphic Level Recorders

A graphic level recorder is used to produce a permanent paper chart record of the level of sound being
anclyzed. It functions as a recording voltmeter with a logarithmic scale. The range of levels thet can be
recorded is typicolly 40 to 60 dB. Used with the proper analyzer, many recorders con also plot the spectrum of
the signal. :

2.2.1.7 Qther Instrumentgtion

Several other types of instrumentation are sometimes used for specialized analyses of acoustic signals.
Integrating sound level meters, community noise analyzers, dosimeters, and oscilloscopes are examples of such
equipment,

An integrating sound lavel meter generaily provides all the functions of a normal sound level meter
described above and, in addition, has the capability of computing the equivalent sound leve! for salected periods
of time. When using an integrating sound level meter, it should be remembered that the instrument energy-
averages the sound from gll sources, not just the source of interest. Thus caution should be employed in
interpreting the data if sound from several sources is present,

A cormmmunity noise anolyzer cutomatically samples the noise for extended perieds of time and computes
‘certain descriptors of the time-varying sound level, such as exceedance percentile sound levels ond equivalent
sound level. In addition, some community nolse onalyzers permit the automatic computation of the day-night
level. As in the case of the integrating sound level meter, it should be remembered that sound frem al! sources
. is measured by such an instrument, not just sound from the specific scurce of interest. Thus one must use

cavtion in interpreting the results of any measurement,

Noise dosimeters are small, portable devices which can be easily corried by workers or ploced near o
specific wark station. These devices compute the accurmulated noise dose for the measurement period. Many
also indizate whether an A-weighted sound level of 15 dB has been exceeded. in choosing o dosimeter for
locomotive cab noise measurements, care should be taken to ensure that the device con be adjusted to include
sound levels between 87 dB and 115 dB in the dose calculation, as required by FRA regulations. In choosing ¢
dosimeter to check conformance with OSHA requirements, one should choose a device that allows either the
90 to 115 dB range or the 80 to 130 dB range o be included in the dose measurement. In addition, the instrument
must be designed so that alf continuous, intermittent, and impulsive sound levels are integrated into the dose
computation.,
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As in the case of community noise analyzers, care must be taken in interpreting the results of a dosimeter
measurement. Such devices measure all sounds, including those of the employee who is wearing the dosimeter,
Thus such employees should be instructed to avoid talking or whistling directly into the dosimeter's microphone
ond to gvoid hitting or otherwise disturbing the microphone, Such actions con result in a dose measurement that
is not representative of the octual noise field to which the employee was exposed.

An oscilloscope provides a display of the detailed time history of the sound wave on a small cathode-roy
tube. averaging is normally performed in this device, so that a picture of the instantaneous sound pressure is
provided. Such devices are used to determine peak amplitudes of the wave and information about its frequency
content. For rapidly changing sounds, a staroge oscilloscope is quite convenient, since it provides the capability
to capture the wave shape of a transient event.

2.2.2 | Design of a Measurement Program

In the previous section, the various types of instrumentation available for making noise measurements were
discussed. In this section, the general procedures used to conduct environmental noise measurements are
described.

The procedures chosen for any particular noise measurement program depend on the desired gog! of the
program. One of the most commeon reasons for conducting railroad noise measurements is o assess whether a
particular source is in compliance with applicable naise standards.

There are two types of measurements normaily asseciated with railrood yard operations, namely: specific
.noise source measurements and overall site measurements. Source measurements are conducted to assess the
sound level generated by individual sources such as idling locomotives or retarders. A single sound level
measured at a specified distance (usually 100 feet) from the source is used to describe the source level, Overall
site measurements are made when it is desirable to ascertain the sound emitted by the railrood yard as a whole.
In this case, statistical descriptors, such as L90’ are used o characterize the sound at the yard boundaries.

While the spacific noise measurement procedures aodopted will vary from program to program, there are
some general guidelines which shouid be followed for any measurement program. Specific program plans,
checklists, and data sheats applicable to current railroad noise regulations are presented in Chepters 3, 4, and 5.

2.2.2,| Program Plonning

Before embarking on any measurement program, time should be spent considering exactly why the program
is being conducted and to what use the collected data will be put. This information is vital when developing the
test procedures to be followed. The number and location of sites to be monitored, the time of doy at which
measurements are to be made, the emount of time spent collecting data, the type of dato collected, ond the
format in which the data are reported, reduced, and onalyzed, o!l depend on the ultimate purpose of the progrom
and rmust be defined at this time.

During this phase of o program, permission should be cbtained, if necessary, for the measurement team to
enter the chosen measurement sites. The number of people to carry out the measurements should be determined
and specific individuals should be assigned to the measurement team. Most field measurements involving moving
or changing sources require at |east two people — one to observe and record the sound level measurements, the
other to determine and note other characteristics of the noise source {e.g., type, identification, location,

spead, etc.).

2.2.2.2 Instrumentation Setup

Before proceeding to the field for measurements, the instrumentation system should be thoroughly checked
out and the manufacturer's instructions referred to for calibration ond operational procedures. The batteries
should be tested and cll interconnecting cables ond mounting hardware shouid be connected to assure that the
correct plugs fit into the proper instruments, and that the overall system works as required. Accessories such as
magnetic tape, extrc batteries, note pods, tripods, adhesive tape, and the like, should be assembled, At this
stage, it is good engineering practice to prepare o checksheet to be brought into the field, This assures that once
the measurement program has begun no details will be forgotten, .

Once in the fieid, the instrumentation system should be set up occording to the manufocturer's instructions.
The checksheet! showid be referred to gt this time,

2.2.2.] Measurement Position

The sound level meter should be mounted on a tripod with the microphone at the specified height above the
ground. A windscreen should always be attached to the microphone. The sound level meter maoy be tilted to
allow ease of reading, and the microphone should be oriented according to manufacturer's instructions, This is
critical, since certain microphones (perpendicular incidence) are designed to be pointed directly at the major
noise source, other microphones (grazing incidence) are designed to be pointed at right angles to the line between
the observer and the noise source, and still others (random incidence) are designed to be oriented in a direction
intermediate to these two.
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The operator should stand as far away from the microphone as possible, consistent with his ability to make
the sound level reodings easily. When possible, the microphone/preamplifier us:sembly shouid be mounted remote
from the sound level meter so thot there is less chance of the observer's affecting the measured data.

Care should be taken fo make sure that there is nothing between the microphone position and th sound
source which may interfere with the sound propogation. Nearby reflecting objects, such os walls behind the
microphone, should be gvoided. When moking source megsurements, reflecting surfaces behind ond to the sides
of the source should be avoided.

2.2.2.4 Meter Caolibrotion

The sound level meter should be calibrated by odjusting the meter to read fhe level generote'd py the
calibrator, according to the manufocturer's instructions. This should be done prior to the beginning of
measurements. Following the completion of measurements, a meter reading should be taken of the calibrator
level and noted in the field log. This procedure documents any change in sensitivity which occurred during the
measurements.

2.2.2.5 5ite Description

A sketch should be drawn of the measurement area that includes all audible noise sources and their
approximate location with respect to the measurement position. The location of ail reflecting surfaces, barriers,
and other foctors that may affect the sound propogation shouid also be noted on the sketch., An exact scale map
Is not necessary, but a good representation of the areq, with distances to outstanding londmorks indicated, is
desirable. If g deloiled mop of the area is available, the site arec should be located on it, If possible,
photographs of the area should be taken to show the noise source, A very effective way tg photograph the site is
to stand at the microphone position ond take a series of pictures which show the full 360" view from that spot.
it is aiso helpful to document the microphone location by stepping behind the microphone and taking a picture
which shows the microphene as well as the sound source being measured.

2.2.2.6 Dgto Log

A data log should be filled out at the beginning of each mecsurement. A typical data log sheet is shown in
Figure 2-20. Such a log should contain the following information:

o Date of measurements.

» Nome of person performing the measurements,

s Description of measurement location,

o Description of equipment under test including dimensions, nome-plate data, speed, ond power rating.

o Description of secondary noise sources such as lecation, type, and kinds of separation.

o Types, mode!s, serial numbers, or other identification characteristics for ali instrumentation.

e Barometric pressure, temperature, wind velocity, and humidity. (This information can be measured
directly or, in mony coses, can be obtained from locol weather rodic stations.)

o Results of calibration tests.

¢ Measured levels and background levels,
e Sketch of measurement site geometry.
A note pod should glso be taken into the field and used to write extensive notes detailing anything going on

which may have o bearing on the measurements or the interpretation of the data. Such incidents as unusually
high railroad traffic or other atypical events are examples of the type of information which should be recorded.

2.2.2.7 Bockground Noise Levels

Generally a noise measurement consists of contributions from tweo components: (I) the noise from the
desired sources, and (2) background noise from all other sources that may be present. Most regulations require
that the background noise leve] be at least 10 dB below the noise level of the desired source. In such a case, the
measured sound ievel represents the sound level of the desired source to an accuracy of 0.5 dB or better. The
background level is determined by measuring the sound level when the desired source is absent. The ocoustic
metric used is generally the same as that to be used for the source measurement. For example, if an
A-weighted, fast response sound level measurement is specified for a locomotive passby, an A-weighted, fast
response sound level measurement of the background noise level should be made,

If the sound level in the absence of the source is constant, the bockground sound level is that constant
level. However, this is quite often not the case, Usuclly the measured sound level in the cbsence of the desired
source varies over a range of values, In this case, it is more difficult to define precisely the background level.
For the purposes of charocterizing the pervasive sound for which no specific source can be measured, the Log

2-48




‘ FIELD DATA LOG
Date: 8//‘(//79 Prepared By: _ & L. METER.

Location: /00 Feer WEST of Lond Cert TESTSTRND AT
MeinSreeerT Cunssisicnnon Yoen

MAJOR NOISE SOURCES:

Railroad: Lecomomive U.v:b&eéo//(é LoRd JEST
Non-Railroad: A1t kwmy TRALAIC in DisTrrNCE.
Comments: Locoromvg Moit€ DominATES TEERFE1c BT _MEMS v brbss T

Pos ITION .
EQUIPMENT:
Instrument Manufocturer Model Serial No.
Sound Levet Meter WESTERN 7148 34265
Microphone WesTeo N IH4 B 2908
Calibrator WESTERN 63 L)9SY
WEATHER CONDITIONS:
Time | Temperature | Relative Humidity | Barometric Pressure | Wind Speed | Wind Direction
PreTest |1330] 70°F 6% 301" He| $men | N
Post-Test | yso | 7°F b3 e 30. 11" He. | caLm —
CALIBRATION: Calibrator Level: 11y dB Calibrator Frequency: tooeo Hz
Time 1338 | 1400 | 1430 IHYS
Yo | ndo [ nsea (140 | 114.0
SOUND LEVELS:
Time Source Sound Level Comments
1340 | BacrerounDd Lo
1 35D | Ensing - Norrw | IR
1430 |ENGIVE - NoreH & 0
tH4o [ BackEE£OUND .

SKETCH OF MEASUREMENT SITE GEOMETRY:

T : MaIN
"’ P S
v \,.o—*Ioo Ft B
Loap CErc
5‘—__,____,_{]900 Ft ——

€

Figure 2-20. Sample of Field Data Log.
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exceedance percentile sound level is often used. Lgg, however, is not necessarily the best meffic to use in
attempting to assure that the specific source level ‘will exceed the background level by a required amount.
Instead, in such a situation, it is best to use a metric which approximates the loudest fevel likely fo be heard in
the absence of the specific source. A more appropriate metric, for example, might be the L g level measured
over a time period sufficiently long so as fo contain ali levels likely to be present in the absence of the specific
source,

If, by observing the background noise over a period of time, it can be determined that it does not change
rapidly and if the noise source to be measured is present for only a short period of time {e.g., retarder squeal,
car-coupling impoct, train passby), the background level during the desired noise event can be approximated by
the sound leve! immediately before or after the noise event occurs. This is the procedure that is specified in the
retarder squeal ond car-coupling noise regulations.

If it is desired fo estimate the source level when the bockground level is not 104dB below the total
measured sound level, decibe! subtroction may be used, as was described in Section 2.1.4,

Exomple 2-16:

. Suppose that the A-weighted sound level of a passing railcar plus background noise is
meaosured ot LT = 70d8 and that, after the train has passed, the background level is
measured to be Lg = 65 dB. Assuming that the bockground level has not changed since
the train was present, the octual railcar level is:

_ ALT/10 _  alp/10
Ly = 101094 {:IO 10-8 ]

= 1010g,y [1070-10%] - e83 B

Since the original levels are accurate to | dB, this would be reported as 68 dB.

If a scientific calculater is not available to perform the above computation, Figure 2-5 {previously
described) or Table 2-9 may be used to estimate the difference between the total and bockground levels.

Example 2-17:

In the previous exomple, the arithmetic difference between the totol end bockground
level is 5 dB. From Table 2-9, the number to be arithmetically subtrocted from the total
level in this case is [.5 d8. Thus the railcar leve! is approximately: i

Lyg=Lly - 15=70~-15=685d

or, to the accuracy of the original levels, the difference is 68 dB. Note that this result is
equivalent to the result above.

If the bockground level is less than 3 dB below the total level, less than half the mecsured sound power is
generated by the desired source. In such o cose, on occurate measurement of the source sound level cannot be
made. Efforts should be made to reduce the background level by shielding the microphone from other sources,
measuring at a different time of day, or relocating the measurement site.

2.2.2.8 Exceedance Percentile Sound Level

Atthough community noise onalyzers con be used to obtain accurately the percentile exceedance sound
levels for a time.varying noise, on approximation of these levels can be cbtained using a simple sound level
meter. To occomplish this, readings are taken of the Instantanecus sound leve! at a sequence of equal time
intervals. This con be done efficiently by using o dota sheet such as that shown in Figure 2-21.

The datg in this figure were token ot |0-second intervels for a period of 15 minutes. Eoch of the 90
measured sound levels wos recorded by entering an "x" at the appropriate sound level on the vertical scale. The
resultant data sheet forms a histogram of the sampled levels in | dB increments,

Note that only the integer part of the sound level is included as part of the preprinted data sheet, The tens

column is left blank, so that it con be completed in the field, where the range of data can be determined by
observing the sound level meter for several minutes before beginning to collect date.
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Tabtle 2-9

Correction For Background Noise

Arithmetic Difference Between Number To Be Arithmetically Subtracted
Total Noise Level and From Total Noise Level To Get The
Background Noise Level Noise Level Owing To The Source
8-10 0.5
6 - 8 ICO
4.5-6.0 1.5
4.0 - 4.5 2.0
3.5 ‘ 2.5
3.0 3.0
<3.0 Source Level Cannot Be
) Accurately Determined
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A-Weighted Sound Level
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Figure 2-21. Sample of Percentile Exceedance Sound Level Data.
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Once the data have been collected, the total count in each line is entered in the first column at the right,
Next, the cumulative count is determined by successively summing the count column from the top down. Finalty,
the fraction of the counts exceeding the given leve! is obtained by dividing the cumulative count by the total
overall count at the bottom of the count column, :

Mote that for the data shown in the figure L|q is between 72 and 73 dB, Lsp is between 69 and 70 dB, and
Loy is between 58 ond 59 dB. These percentile exceedance sound levels can be determined more precisely by
p?oiﬂng the "fraction exceeding level" as a function of level and interpolating between plotted points as was
done in Example 2- 11 of Section 2.1.8. i

The equivalent sound level for this time period con alse be estimated from these data using the procedure
previously described in Example 2-13 of Section 2.1.8.

2.2.3 Effect of the Environment

The environmental conditions present at the measurement site may influence the noise levels measured and
the operation of the instrumentation itself. The effect of the following parameters should be considered when
mcking the megsurements:

Wind

Precipitation.

Temperature

Humidity

Barometric Pressure

Electromagnetic Interference {Radio Frequency Pickup).

2.2.3.1 Wind

High-speed wind blowing across the microphone can create "self-noise™, which reduces the accuracy of the
sound measurements. The wind noise increases os the wind velocity increcses, To reduce the effect of the wind
noise, o windscreen (commonly a 5-inch-diameter, open-cell foom ball} is attached to the microphone. With the
windscreen in place, the airflow still generctes noise; however, the turbulence is at the outer edge of the
windscreen which is far enough away from the microphone that the noise level ot the diaphragm is reduced. In
any case, megsurements should normally not be made if the averoge wind speed exceeds 12 mph or when wind
gust speeds exceed 20 mph.

Should it be necessary to make measurements in higher winds, core should be taken fe occount for wind-
induced background noise. Figure 2-22 shows the wind-induced A-weighted sound level as a function of wind
speed for two types of windscreen. These levels must be subtracted from the measured leve! in order to obtain
the actual source noise.

Example 2-18:

Suppose on A-weighted sound level of 65 dB is measured for g source when the wind
speed is 30 mph using a foom windscreen. From Figure 2-22, the background wind-
induced sound level at this speed is 60 dB; thus the octual source level is:

65 60
Ly = 1010g,, [105% - 10 ]l: a®

2.2.3.2 Precipitation

Sound measurements are not normally made during any type of precipitation. Since precipitation causes a
change in background noise level and can cause changes in certain source levels, the resultant measured sound
level is a false indication of the level thot would exist in the absence of precipitation. Also, most
instrumentation is not made to withstand the harsh environment and may not perform reliably or may be
damaged if exposed to it.

2.2.3.3 Tempergture

Microphones and batteries are effected by varying temperatures, The useful life of a battery decreases
with a decrease of temperature. Thus it is important to carry extra batteries when performing measurements at
very low temperatures. Microphone sensitivity varies little with changing temperature, and is usually neglected
unless great precision is required. For example, a condenser microphone retains its calibration to within 0.5 dB
over g termnperature range of 40 to 300°F.
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Figure 2-22. Wind-Induced Sound Levels With Windscreen In Place.!!
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2.2.3.4  Humidity

Condenser microphones are affected by high-humidity environments, Condensation on the condenser
microphone's diaphrogm results in a "crackling" or "popping™” noise caused by an electrical short circuit between
the condenser plates. This can be reduced by placing the microphone under a light bulb to dry the condenser
plate before making the sound measurements, or by using specially designed microphone systems containing
heaters, gnd/or dessicants, when measurements must be made in humid environments.

2.2.3.5 Barormetric Pressure

Barometric pressure may affect the output of the microphone calibrator. The calibration 1e-vel is usually
rated at 760mm Hg. |f the calibration is made at a significantly different pressure, o correction should be
applied. The correction [evels are provided with the calibrator.

2.2.3.6 Electromagnetic Interference (Rodio Frequency Pickup)

Some measurements require long runs of cable between the microphone preamplifier and the sound level
meter or o fape recorder. The cable sometimes serves as an ontenna and the electronic components as o
detector so that the sound level meter may pick up radie station broodcasts. This situation can be eliminated by
utHizing shielded, balanced microphone lines.

2.2.3.7 Monitoring of Input Signal

In gereral, the input signa! to the measuring equipment should olways be monitored so that undesired
effects, such as electromagnetic interference, wind-generated naise, and condensation popping can be detected.
This can be accomplished with many sound level meters by monitering the AC signal output using a set of
earphones.

If electromagnetic interference is present it will be immediately detected as sound having no relation to
the signal heard without the earphones, Wind-generated noise, especially that due to wind gusts, con be detected
by listening for low-frequency "whooshing” sounds. In oddition, sudden excursions of the sound level meter
needle that are not correlated with increases in the signal that is heard without the earphones are indicative of
wind-gust noise. Finally, short circuits resulting from condensation on the microphone digphrogm can be
detected by the resulting "cracking” or “popping" noise heard in the earphones,

2.2.4 Safety Considerations

When conducting noise measurement programs on railrood property, certain safety guidelines must be
followed by all personnel in order to assure the sofe completion of the task, Because of the high electrical
voltages ond mobility of the rolling stock present on railroad property, the dongers to life and limb are
very real and the constant awareness of safety considerations cannot be overemphasized.

This section contains a discussion of many of the various safety guidelines which should be adhered to. It is
not, however, meant to be all irclusive, and should not be interpreted as containing all there is to know about
raiiroad safety.

Before proceeding onto railrood property to conduct noise measurements, permission must be gained from
the railroad official in charge of the facility, When entering the property, the yardmaster's office should be
contacted and permission to enter the facility ogain requested. At this time o sofety briefing should also be
requested, This gives the host railroad company the opportunity to explain any hazards and operational or sofety
procedures which may be specific to that particular location. In some cases, an escort will be assigned to the
noise measurement team. In this case his instructions should be followed explicitiy.

The following is a list of general safety considerations applicable to railroad focilities.

e WEAR PROPER CLOTHING:
- Protective gear such as hard hats and safety glasses should be worn when appropriate;
~ Reflective vests, hats, armbands, and legbands should be worn for easy visibility;
- Pants legs should be secured with pant guards or string so that they cannot get caught in switches or
other obstructions.
e BE OBSERVANT:

~ Expect roil equipment to move ot any time on any track, therefore always look in both directions
before crossing any track;

- Never park closer than 10 feet from the centerline of any track;
- Cross tracks only when absolutely necessary;
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- Never cross between faitread equipment or claser than 10 feet from the end of a car or locomotive;
- Never cross under ony rail equipment;

- Do not sit, stand, step, or walk on a rail, frog, switch, guerd rail, interlocking mochinery, or other
such part of the track structure;

- Watch out for rail, ties, ond other ground obstructions which may cause slipping, falling, or tripping;
- Walk only clong designated paths;
- Keep a sharp lookout for close clearonces. Avoid walking in ony locations where the clearance
between o wall and the frack will not provide adequate safety.
e PROTECT INSTRUMENTATION SYSTEM:
- Never lean any equipment against ¢ parked railcar;

- Choose the test site such that there is enough clegrance between the equipment and the nearest
track to gllow for an unexpected train movement;

-  Watch out for wind gusts created by high-speed mainline passbys.

o USE CAUTION ON RAIL EQUIPMENT:

- When it is necessary to mount equipment such as locomotives and cabooses, make sure equipment s
ot o complete stop;

- Foce the cor when both mounting and dismounting the equipment;
- Obey the engineer's and conductor's instructions;
- Keep clear of cll high-voltoge areas.

« WORK A5 A TEAM:

- Work in groups;

= Keep track of other people in your group; .

- Should someone in the group get last, stop all work ond find him before continuing.
e USE COMMON SENSE.

If all of the above-mentioned safety considerations are followed, the measurement program should proceed
accident-free. Should an accident occur, however, obtain any first-aid necessary, then report the occident to the
rail carrier's representative.
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2.3 Noise Abctement Techniques

Noise control measures foil into three general categories of application:

& Reduction of noise at the source itself;
e Moedification of the propagation path to interfere with the transmission of noise; ond

e The protection of the receiver ogainst the noise.

The placement of an abatement method into one of these categories is an operational, rather than a
technical, judgment. Equipment enclosures and hearing protectors are technically noise path controls, but are
operationally classified as source and receiver measures, respectively. All else being equal, source controls are
the most desirable since they reduce the total ncise emitted and do not raise any operational or personnel
problems beyond the particular piece of equipment. Path controls, such as barriers, provide noise control which
does not require action on the part of the receiver but which can impact other operations. Receiver controls
generally provide the most localized abatement, and usually have definite side effects on the receivers.

The following sections describe various types of source, path, and receiver controls and their application to
railroad noise.

2.3.1 Source Contraol
2.3.1.0  Modifications

The most desirable method of source noise contral, if feasibie, is to modify the equipment. [t is rarely
proctical o take this approach for a single piece of equipment because of the source analysis and engineering
efforts involved. Modifications identified from extensive analysis are generally incorporated by manufecturers
into new models of equipment. Occasionally, retrofit kits are available based on such improved designs; it is
worth checking with manufacturers, if a particular piece of equipment must be quieted.

Noise control modifications generally include the following types of changes:

Replacement of fons, gearboxes, pumps, etc., with quieter designs;

Reduction of operating clearances to minimize noise generation;

Redesign of structure and enclosures to reduce vibration levels of surfoces which rodiate noise;
Substitution of moterials, such as highly damped plastics instecd of sheet metal;

Addition of mufflers to engine-powered and compressed-air equipment,

®¢ & o o o

The first step in determining if modifications are feasible is to determine what are the specific noise
sources. The source component identification process can require considerable experience, and a full description
is beyond the scope of this handbook. The techniques utilized depend on the case at hand, and include the
following:

¢ Temporarily removing components, or turning off selected equipment;
& Wrapping part(s) of the source with lead (or other dense material), leaving selected areas uncovered;
e Near-field noise ond vibration measurements;
, ® MNarrow-band spectral analysis;
e Acoustic intensity and correlation measurements, utilizing specialized instrumentation systems.

In general, an extensive investigation of source components should be undertoken only by highly
experienced and troined personnel; subtle effects can make identification difficult, It must also be kept in mind
that subsequent modification of the equipment may be unfeasible or too costly, rendering the source component
identification of academic interest only.

In some cases, noise sources can be easily identified by relatively inexperienced personnel using a sound
level meter and common sense, so that it is often worth performing a quick inspection. The volue of the human
ear in such cases must not be underestimated. Maintenance-related noise problems, such as defective mufflers
or broken engine mounts on powered equipment, are usually easy to find. Simple solutions to obvious foults may
also be feasible. For example, if a large flat panel is vibrating and is clearly a noise source, then noise may be
reduced by suitably bracing it or applying added mass ond/or damping material. An expedient cut-and-try
approach should be used initially. If a quick fix connot be obtained, then it is more economical in the long run to
have a neise control specialist develop an engineered solution,

There are two modification areas where o specialist may not be required. One is where the same noise
problem has been previously solved for the same make and mode! equipment, and o retrofit kit is available. The
other is in the case of exhgust ncise from engine-powered equipment. Specialty muffler manufocturers can
provide mufflers for o wide variety of applications, with suitability (e.g., acoustic performance ond effect on
exhaust backpressure) defined by engineering design and tests. Mufflers are ailso available for compressed air
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equipment. In these cases, modification can be occomplished by installing available parts. It is important,
however, that the specifications of the modification be fully understood. Some monufacturers' presentation of
noise data leaves much to be desired. The best approoch when specifying noise reduction retrofit kits or
mufflers from on outside supplier is to require an installed performance stondard, i.e., one which refers to the
total moise level after installation and not just to the supposed reduction that the kit will produce.

2.3.1.2 Enclosures

The most common source control method is to ploce the equipment in an enclosure. By completely
enclosing the source ond providing absorption within the enclosure to prevent reverberant bunld_up of acoustic
energy, noise is reduced by an amount related to the transmission loss (TL) of the enclosing material. The TL for
a given material is ¢ function of pane! dimensions and frequency — the volues for severcf common materials are
shown in Figure 2-23. Calculation of noise reduction requires the application of the TL curve of the enclosure
material to each frequency band of the noise spectrum. The total noise reduction depends not only on the TL of
the enclosing material, but on the characteristics of the receiving area. Generaily, the noise reduction is
sornewhat [ess thon the TL,

There ore three distinct regions on the TL curve: a low-frequency region where TL depends only on the
mass of the panel, o central region where there is o dip associated with coincidence between sound speed in air
ond wave speed in the panel, and a high-frequency region where TL is a function of panel stiffness and damping.
For many railroad noise sources with predominantly low-frequency spectra, the most importont par? of the TL
curve is the low-frequency range, where the mass low applies:

TL = 20 Iogio(%) - 548 ‘ (2-28)

= frequency of interest

]

mass of the ponel per unit area
density of air
= speed of sound in air

0 v J -
1]

If m is in units of pounds per square foot and f is in Hz, then this equation moy be written as:

TL = 20 logq (fm} — 34 dB (2-29)

) In the mass low regime, transmission loss is directly related to mass. If an enclosure is built from g single
thickness of material, mass is the single most importont parameter. Limpness is olso significant; the coincidence
dip seen in Figure 2-23 occurs at lower frequencies for stiff panels than for limp ones. This must be considered
when selecting panels. A ponel formed by bonding two thicknesses of material together will have & dB better TL
at low frequencies, but will have this dip at a lower frequency due 1o the increased stiffness. Bonding the panels
resiliently would minimize the stiffness increase. Mismatching the thickness of a doubled panel is also o good
design technique, as this results in two small dips result rather than ane farge one.

The TL of a double thickness panel can be greatly improved by separating the panels. In the exireme of the
panels being very far apart, each would behave independently and the total TL would be the sum of that of each
panel. Practical double walls do not achieve this value because the panels are coupled through the air cavity
between them. Including os large o gap os possible, mechanically isolating the panels from ecch other, and
placing acoustic absorptive material in the cavity improve TL because they help isolate the panels from each
ather,

TL curves cre avcilable for a variety of materials, especicily from matericls marketed for noise control. A
compedium of such data may be found in Reference 13.

An enclosure must include absorptive material on the inside surface to avoid reverberant buildup of interior
noise which would correspondingly reduce its effectiveness. Table 2-10 lists absorption coefficients of several
materials, selected from Reference 3. This reference has extensive tables of this type of datq, identified by
monufacturer and product nome, Data for porticutar products are avaoijlable from the manufacturers. In genreral,
Sa/A for all frequencies of interest should be at least 0.5 and preferably greater than 0.75, where S is the areq of
the absorptive materiol, o the absorption coefficient, and A is the total interior surface area of the enciosure.

Example 2-19;

A cubical enclosure with 5-foot square sides is to be lined with 1-inch fiberglass
boards on three faces and | /2-inch polyurethane foam on two fucei. The other face is not
gcoustically absorbent. The area of eoch face is 5 x 5 = 25 ft4, The total areq, A, is
six times this, 150 f14, From Table 2-10, the absorption ¢oefficient gt 500 Hz of |-inch
fiberglass boards is 0.69, while that of 1/2-inch polyurethone foam is 0.22, The total
ahsorption, Sa, of the two types of panel is:
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Table 2-10

Absorption Coefficients of Selected Materials 13
Frequency, Hz
Material

125 250 500 1000 | 2000 | 4000
| /2" Polyurethane Foam 0.09 0.11 0.22 | 0.60 | 0.88 | 0.94
" " " 0.22 0.35 0.60 0.98 0.94 0.99
2" " " 0.28 0.40 0.86 0.95 0.98 0.97
I" Alumina/Silica Insulation 0.34 | 0.70 | 0.79 | 0.84 | 0.74 | 0.90
3" " n 0.52 | 0.69 | 0.78 { 0.92 | 0.93 | 0.90
6" n " 0.70 | 0.84 | 0.83 | 0.94 | 0.89 | 0.90
2" Fiberglass Insulation Batts 0.2¢ | 0.63 | 099 | 0.74 | 0.33 | 0.17
4n n " 0.56 | 0.99 t 0.99 | 0.64 | 0.48 | 0.33
I" Fiberglass Board, 3 Ib/ft3 0.03 | 0.22 | 0.69 | 0.91 | 0.96 | 0.99
2" " " 0.22 | 0.82 | 0,99 | 0,99 | 0.92 | 0.99
4 " " 0.84 | 092 | 0.99 | 0.99 | 0.99 | 0.97
i" Mineral Fiber Board 0.10 0.29 0.73 0.97 0.97 /.00
2" " " D.29 0.58 0.88 1.01 1.01 .00
g " " 0.63 1.10 117 1.06 1.04 0.99
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Fiberglass: 3 x 25 x 0.69
Foom: 2 x 25 x 0.22

Total: 62.75

n n

~
o .
85

Thus at 500 Hz, Sa/A = €2.75/ (50 = 0.42, The gbsorption should be increased if this
enclosure is to be effective at this frequency,

Placement of the material is not critical, so long as it is reasonably distributed within the enclosure and is
of thickness commensurate with the lowest frequency to be absorbed. Note from Table 2-10 that there can be
some trade-off between thickness and area covered. For example, if 2-inch fiberglass boards are ovailable,
lining all of en enclosure with one layer would be best at most frequencies, but lining half with o double layer
would be best at 125 Hz. )

The first step in designing on enclosure is to select @ material with suitoble transmission loss at the
frequencies corresponding to maximum A-weighted passband levels. The next step is to prepare construction
plans for the enclosure, allowing for service access to the equipment. Provision must be made for sealing any
openings ond joints in the enclosure. Overlapping joints and compressible rubber seals are useful in this regard.,
Crocks can be sealed with rubber caulking cormpound or overlapping plates. Sheet lead is very useful for this
purpose, )

Equipment which requires ventilation poses special problems for enclosure design. Openings must be
provided, and these can drastically reduce acoustic performance. Baffling systems, as shown in Figure 2-24, can
be used in some caoses, although the flow restriction of such an arrangement can cause difficulties. In general,
enclosure of equipment which requires significant ventiiation or other openings is best designed by a specialist,

2.3.1.3 Change of Duty Cycle

Reducing the operating time of equipment is one method of reducing cumulative exposure indices such as
noise dose, energy-equivalent sound level, or exceedance percentile levels. Halving operating time reduces L
by 3dB. |f a piece of equipment operates for P percent of the time, then it does not contribute to percentﬁ'g
level l.x so long as P is less than x.

Where exposure to railroad personnel is the critical foctor, keeping equipment off while personnel are
present con be effective. This is closely related to personnel scheduling, discussed in Section 2.3.3.

A crucial foctor if an L__ standard is to be met is the 10 dB nighttime penalty. One operction between
10:00 p.m. and 7:00 a.m. carries the same contribution to L n 05 ten operations from 7:00 a.m. to 10:00 p.m.
Where operational requirements permit, noisy octivities should be scheduled for the daytime period, For
example, if an L . standard is such that ten locomotive tests during the day would couse a violation, then o
single test at n[ggrt1 would cause a violation. Under less formal circumstonces, complaints from residential areas
coan often be reduced by scheduling intrusively noisy octivities so as not to coincide with sleep periods ond
evening TV-watching time. :

2.3.2 Path Controls

2.3.2.1 Relocation

Sound levels generally diminish os the distance between the source and receiver increases, There are three
causes of this loss:

o Geometrical sprecding;
o Attenuation due to air absorption; and
e Effects due to the ground.

The latter ground effects can be either an attenuation or on amplification of the sound level. The sound level,
L(R), at a distance R in terms of the sound level, L{R ), at a reference distance R, is given by:

L{R) = L(Ro) + ALS + ALQ + ALg (2-30)
where ALs is the change due to geometrical spreading of the sound energy;
ALQ is the chonge due to absorption by the air molecules, and
ALg is the change due to attenuation or amplification by the ground.

Each of these factors will be described separately in the discussion that follows.
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Geometrical spreading results in a decrease in sound level because the acoustic power rodiated by the
source is spread out over an increasing lorger spherical surface as the distance from the source is increased.
Thus the acoustic intensity, or power per unit areq, on that surface decreases with a corresponding decrease in
sound level.

To understand the quantitative effect of increasing the distance from a point source, consider Figure 2-3(a)
in Section 2.1.2. At o distance R from the source, the acoustic intensity 1 is given by:

W
e 2-31)
4R

where W [s the acoustic power output of the source. Thus as R increcses, | decreases as 1/R%. The sound
leve] corresponding to this acoustic intensity is:

LR) = 10iog,, —25 Y (2-32)

bnR Pref

where  p is the density of the medium through which the sound is travelling,
¢ is the speed of sound in that medium, and

Pres Is the reference pressure of 20uPa.

This equation gives L(R) in terms of the source ocoustic power, W. QGuite often, this parameter is not
known; instead a sound level, L(Ro), ot a reference distance, Ro’ is known. In terms of this parameter:

Rz
LR) = LR ) + [01logq ("‘2‘0
R

Point
’ Ro) [Source] (2-33)
= L(RO) + 20 [Ogto (T

Thus the change in sound level due to geomeiric spreading for o point source is:

: R
ALs = 20 log (—RO—) (2-34)

Exgmple 2-20:

The deérec:se in sound level with distonce from aq point source is often quoted as & dB
per doubling of distance. To see why this is so, use Equation (2-33) to compute L(ZRO) in
terms of L(Ro) . Thus in the equation R = 2R so that:

R
O
L(2R°) = L(Ro) + 20 '0910(—2?)= L(Ro) + 20 |09 (|/2)

= L(Ro) + 20 « (-0.30) = L(RO) - 5.0

or

ALs = =6.0dB

An extended source composed of like elements, such as the roilroad cars in a train, is considered to be a
collection of point sources. Mathematically, this behaves as a line source. An infinitely long line source exhibits
an acoustic intensity that decreases as [/R , rather than as 1/RZ. Thus the change in sound level is given by:

R
LR) = L(R) + 10Iog (—R°—) [Litrr;fig‘i;em] (2.35)
Thus for an infinite line source:
Ro
ALs = 10 log (—R_) {2-36)
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Example 2-21:

The decrease In sound level with perpendicular distance from an infinite line source is
3 dB per doubling of distance. To see why this is so, substitute R =2R_ info Equa-
tion (2-35) to obtain:

R
L(ZRO) = LR + 1010g (‘T;i-) = LR + 10 log (1/2)

= L(Ro) + .10 «{(-0.30) = L(Ro) - 3.0

Thus:

ALS = -3.0dB

‘ Finite length line sources exhibit attenuation between these two extremes, depending on how long the
source is relative to the distance R. Figure 2-25 shows the attenuction, relative to levels at 100 feet, for
sources of varying lengths. .

Example 2-22;

A consist of 7 locomotives, each about 70 feet long, is left standing on a track at the
edge of @ yard. Noise levels at residences 500 feet away exceed o noise stondard by &4 dB.
Paraltel tracks further away are available. It is desired to determine where the
locomotives should be placed to eliminate the problem, considering only geometrical
spreading.

From Figure 2-25, the noise level from a 500-foot-long source at o distance of
500 feet relative to the sound level of the source at a distance of |00 feet is:

ALS = L (500 ft) = L(I0Q0f1) = -11.5 -0 = -11.54B

Since the refrigerctor cars exceed the ordinance by 4 dB an gttenuation of:
AL; = -]15 -4 = -1554d8

is required. From the figure, this occurs at a distance of about 800 feet for a 500-foot-
long source. Thus the locomotives should be placed on ¢ trock 300 feet further from the
residences than the original one.

Air absorption is a complex function of the sound wave fregquency and the air temperature ond humidity. It
occurs in addition to losses from geometrical spreading because some of the organized molecular motion that
represents ocoustic energy is gradually transferred to disorganized molecular motion which represents increased
temperature of the air.

Table 2-11 presents air absorption coefficients, n(f), as a function of frequency, ambient temperature, ond
relative humidity. These data are abstracted from extensive tables in Reference |5. The total air absorption
ALc for a pure tone of frequency f over a distance R (in feet) is:

AL, = -n {f) R/1000 dB (2-37)

For a broadband source, this correction must be applied to each band in the spectrum. The adjusted band
levels can then be summed, using decibel addition, to produce the overall sound leve! or they can be A-weighted
and summed to produce the A-weighted sound level, as was illustrated in Example 2-10 in Section 2.1.7.

When broadbend railrood noise sources, such as locomotives and car impacts, are considered, gir absorption
is a relatively small effect. Figure 2-26 shows the range of air attenuation computed for a variety of broadband
railrocd noise sources over the range of temperatures and humidities covered in Table 2-11. Even at a distance
of nearly a mile, there is only 3 to 8 dB attenuation, For noise planning purposes, the center of this band - shown
as a solid line = may be used, ’

Air obsorption for retarder squeal is much greoter end exhibits a much greater variation. Figure 2-27
shows the range calculated for a number of retarder squeals over the same range of atmospheric conditions. The
large spread is due to both the range of frequencies involved (typically 2500 to 4000 Hz} and the sensitivity of
the absorption ceefficient to temperature and humidity, Untike broadband sources, where the magnitude of

2-64




G9-C
Sound Level re Level at 100 Feet, dB

'IlllllIIIIIII]iIllTI]‘ltll‘l]fllllIl

oIrrri

Line Sobrce, 3 dB/Doubling

Source
Ltength

=)

Point Source, 6 dB/Doubling 5000 Feet

2000 Feet

1000 Feet
500 Feet

0 Feet

LIlll!ll!llllj_llIiLi[lll\llllll

[WERENERE!

lll[‘li‘f_lll | A N i e

o

200 400 600 800 1000 2000 4000 6000 8000 10,000
Distance From Source, Feet

Figure 2-25. Geometric Spreading Loss.



Table 2-11

Air Absorption Coefficients, n(f), in dB/1000 ft 15

a. Temperoture = 32°F b. Temperature = 50°F

Frequency, Relative Humidity (%) Frequency, Relative Humidity (%}
Hz 40 €0 80 | 100 ‘ Hz 50 80 8 | 100
125 0.12 0.12 0.12 0.09 125 0,15 0.12 0.09 0.09
250 .0.27 0.24 0.24 0.24 250 0.34 0.30 0.30 0.27
500 0.70 0.52 Q.66 0.43 . 500 0.6} 0.61 0.64 0.64
1000 2.35 1.49 .16 0.98 1000 1.46 119 113 I.16
2000 8.08 5.21 3.78 3.02 C 2000 4.63 .17 2.5% 2.35
4000 22.65 17.77 13.51 10.73 4000 16.34 10.76 8.17 6.80
8000 42.87 47.53 | 42.99 | 36.98 8000 51.80 38.14 29,33 23.30
. Temperature = 68°F d. Temperature = 86°F
Frequency, Relotive Humidity (%) Frequency, Relative Humidity (%)
Fz 40 €0 80 | 100 Hz 40 60 80 | 100
125 0.12 0.09 0.06 0.06 §25 0.09 0.06 0.0¢ 0.03
250 0.40 0.34 0.27 0.21 250 0.37 0.27 0.21 0.18
500 0.85 0.85 0.82 0.73 500 i.10 0.91 0.78 0.64
1000 .49 [.59 1.68 174 1000 2.20 2.29 2.20 2.04
2000 3.32 2.93 2.96 3.08 2000 ' 3.78 415 445 4.63
4000 10.27 | 7.53 | 649 | 6.i0 4000 829 | 759 | 776 | s.iu
8000 36.46 | 25.21 20.03 [7.23 8000 25.40 19.48 17.32 16.52
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absorption is small enough so as to make the spread negligible, it is not reasonable to use one attenuation versus
distance curve for all caoses. For accurate results, Equation (2-37) must be used together with absorption values
from Table 2-11.

Exomple 2-23:

A spectral anclysis of the squeal saund from a master retarder shows the ocoustic
energy to lie predominantly in the 2000 Hz octave band. At o distance of |00 feet, an
octave bond sound level of [08.2dB is measured at this band center frequency,
corresponding to an A-weighted sound level of 107.0 dB.

The A-weighted sound level at a distance of 500 feet, taking into occount the
combined geometrical spreoding and cir cbsorption, can be calculated by the combined
application of Figure 2-25 and Table 2-11. From the figure, the geometric spreading loss
for a point source at 500 feet relative to the level ot 100 feet is:

ALs = -14dB

From the tobles, the cir absorption coefficient at 2000 Hz, assumning a 68°F temperature
and a &0-percent relative humidity, is 2.9 dB/1000 feet. Thus, from Equation (2-37), the
totol air absorption in S00 feet is:

aL, = 229 x 500/1000 = -1.5 dB

The A-weighted sound level at 500 feet, taking into account both geometric spreading and
air absorption is:

L {500t} = LI00f) + aL, +alg

= 107.0 - 14.0 - 1.4 = 91.6 dB

Since the reproducibility of field measurements is generally | dB or less, this result would
be reported as 92 dB.

In virtually all cases of noise planning, appropriate values of termperature and humidity are not known, and
are not constant over a period of time. Using annual or seasonal averoge values of tempercture and humidity
may not be reasonable because of the non-uniform behavior of absorption with these parameters. Figure 2-28
shows the range covered by the absorption values in Table 2-11, as @ function of frequency. The curves for
particular values of temperature and humidity cross between the upper and lower bounds of the shaded region,
and cross the curves for other values. A reasonable approach for nomingl absarption values is to take an average
value within the range shown. A straight line is shown on the figure, which runs approximately in the middle of
the range and is given by the equation

alh) = a7 x 107 ¢1437 g/i000 ft (2-38)

When computing air absorption for a tonal source, under nomina! weather conditions, Equation (2-38) or
Figure 2-28 may be used. If temperature and humidity are known - for example, if measured daota are being
analyzed ~ then Table 2-11, or the more extensive tables in Reference | |, should be used.

Example 2-24:

Consider the nominal air absorption for the retorder described in Example 2-23. From
Equation (2-38) or Figure 2-28, the nominal air absorption coefficient for a 2000 Hz tone
is:

n(f) = 4.7 dB/1000 ft
Substituting into Equation (2-37):

aL, = -47 x 500/1000 = -2.4 4B

Note that this nominal value is 1 dB larger than that colculated for a 68°F temperature
and a 60 percent relative humidity in Example 2-23.
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Ground attenuation occurs becaguse the acoustic ray which travels directly from the source to the receiver
interacts with o second ray that is reflected from the ground surface. It is a very complex function of the
frequency of the sound wave, the source and receiver geometry, and the physical properties of the ground, The
equations describing the propagation of a sound wave in the presence of an absorptive ground surface cannot be
solved exactly; thus various series approximctions of the solution are used. The detcils of the computational
procedure used to estimate ground attenuation are beyond the scope of this handbook.

Values of ground effect on sound leve! relative to free space, A _, calculated for typical broodband railroad
noise source spectra {locomotives, mechanical refrigerctor cars, and odr impacts) and for typical retarder squeal
spectra are shown in Figures 2-29 and 2-30. The former figure gives the ground effects assuming ¢ "soft" ground
surface such as that of unpaved surfaces like grass, dirt, and gravel; the !atter figure assumes a "hard" ground
surfoce such as asphalt or concrete pavement. A receiver height of 4 feet haos been assumed in both figures.
Note that both attenuation (a negative number in the figures) and amplification {a positive number in the figures)
of the sound level can occur,

The net change in sound level due to ground effect, AL , between a megsurement position, R, and a
reference position, Ro, is given by: 2

ALg = Ag R) - Ag (RO) (2-39)

Example 2-25:

From Figure 2-29, the sound level change relative ta free space due to ground effect,
A _, for a retorder squeal, assuming an unpaved surface, is +3 dB at 100 feet and -8 dB at
S8 feet. This means that at 100 feet the measured A-weighted sound level will be 3 d8
higher than would have been measured if the ground were not there (or if the ground were
perfectly absorptive). At 500 feet the measured A-weighted sound level will be 8 dB
lower thon would have been measured if the ground were not there. The net sound level
change, ALg, between the two pasitions is:

ALg = Ag(SOO ft) - Ag(IOO ft) = -8 = (+3} = -11 dB

In Example 2-23 we saw that a retarder squeal producing a measured A-weighted
sound fevel of 107.0 dB at 100 feet would experience a geometric spreading loss of:

ALS = -14dB
and an air absorption lass {at 68°F and 60 percent R.H.) of: .
AL, = -1.4 4B

when measured at a distance of 500 feet, Thus gt this distonce the A-weighted sound
level will be:

L (500 ft) = L (100 f1) + ALs AL+ ALg

= 1070 - 140 - 1.4 - 110
= 80.6 dB

-

As in Example 2-23, this would normally be rounded to the nearest integer or 8] dB.

2.3.2.2 Barriers

One useful method of noise control is the plocement of g barrier between the noise source and the receiver.
By blocking the line of sight between the two, the receiver is in an acoustic shadow zone and thus shielded from
the source, Because of the finite wavelength of sound, the edge of the shadow zone is not perfectly sharp; sound
is diffracted into the shadow and reaches the receiver. However, the received sound can be much fess than that
which would exist in the absence of a barrier.

The shielding by a barrier is a function of the wavelength of the sound ond the source/barrier/receiver
geometry. A simplified calculation procedure is commonly used, where the geometry is represented by g_single
parameter based on the difference in length between a path over the barrier and direct line-of-sight path.l7 This
is illustrated in Figure 2-31. The quantity required is path length difference &:

6=1(A+B -0 (2-60)

A, B, ond C are computed accounting for the height of egch point as well as horizontal pasition. (f the barrier
does not break the line of sight, 8 is assigned ¢ minus sign.
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The attenuation of a barrier is a function of Fresnel number N:
= 28/x (2-41)
where A is the wavelength of the sound wave, Figure 2-32 shows barrier attenuation, ALb, as a function of N.

Although a barrier blocks both the direct and the ground-reflected sound rays, the latter are cttenucted
much more thon the former. Thus, to a good approximation, attenuation due to the ground effect no longer -
exists when a barrier is in ploce. The total propagation loss in o barrier situation consists of geometric
spreading, air attenuation, and barrier shielding only:

Lb(RZ = L(Ro)' + ALS + ALG + ALy {2-42)

where Lb(R) is the level at o distance R, given that a barrier is in place between the source and receiver,

The insertion loss ossocigted with a barrier is the sound level, L{R), without the barrier from
Equation (2- 30) minus the level, | p(R), with the barrier in ploce from Equcmon (2-42). Subtracting the two
equations results in an insertion Ioss

Ly= Lb(R) - LR} = aty, - ALg {2-43)

Serious errors in barrier design have been made by assuming the insertion loss to be equeal to A_Lb alcne,

For a broadband source, the barrier ottenuation on Figure 2-32 must be computed for each band in the
spectrum. The adjusted band levels con then be summed to produce the overall sound level or A-weighted and
summed to produce the A-weighted sound level, as wos done in Example 2-10 in Section 2.1.7. For g limited
range of spectra, the spectral calculation may be performed once as a function of &, Figures 2-33 and 2-34 show
sh:e!dmg for the range of retarder and broodband railroad spectra used before. The spread wnhm each category
is small; a nominal value suitable for general calculations is shown on each figure.

Figures 2-32, 2-33, ond 2-34 opply to fixed point sources, An extended source geometry of interest is that
of a line source with a parallel barrier, representing shielding of railroad line operations. This geometry can be
computed once in general, and presented as a function of & based on the geometry of a perpendicular from the
line to the receiver.'® The line source shielding for broadband railread sources is shown in Figure 2-35.

When computing & from the site geornetry, fairly high precision is required: & is usually of the order of ane

foot or less, while A, B, andfor C may be hundreds of feet. A calculator with a sufficient number of significant
figures should be used. A, B, and C are given by

f
2 2
A = [dSB + (hB - hs)]

8. [42 21*
= dRB + (hB - hR) (2-44)

C = | doi vt = na?]
= |dsg + drg!” * thg = hg)

where barrier height

hg
hg = source height
hR = receiver height
dSB = source to barrier horizontal distance
dRB = receiver to barrier horizontal distance
as illustrated in Figure 2-36.
Table 2-12 lists appropriate source heights for railroad moise sources. In the absence of specific receiver

heights, a height of &4 feet may be used for nominal calculations, since this is the microphone height specified for
most railroad noise regulations.
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Table 2-12

Nominal Heights of Various Railroad Noise Sources

Source Height,* Feet
Locomotive and Switch Engines I15
Locomotives Undergoing 15

Load Cell Testing

Service and Maintenance Areas e
Refrigerator Cars 6
Retarders 2
Car-Coupling Impacts 3
Wheel-Rail Noise |
*r

Horns, Bells, Whistles, PA Systems

* Height above trackbed. Be sure to toke into account 6ny
changes in elevation between the trackbed and the ground
on which the microphone tripod is situated.

** Use actual height.
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Example 2-26:

A 15-foot-high barrier is constructed 20 feet from the retarder described in Exarn-
ple 2-25. In terms of the varicbles in Equations (2-44), the pertinent dimensions are:

hB = 15 feet

he = 2feet (from Table 2-12)
hg = & feet {(nominal height)
dSB = 20 feet

dRB = 480 feet

Thus from Equations (2-44):
2 .21"
A= (202 . 132] = 23.85 1
b
8 - (4802 + 112]" < ug0.126 1

%
¢ = [s00% + 22 = 500.004 1
So that:
§:=A+B-C= 397

Since a retarder squeal is considered a point source, Figure 2-34 is entered at this
value of & and the barrier attenuation is found to be:

AL, = -2548

Applying this result along with the parameters in Example 2-25 to Equation (2-42) results
in:

Lb (500 ft) = L (100 ft) « ALs + ALG + ALb
= 1070 - 140 - 1.4 ~ 250

= 66.6 dB

The insertion loss that occurred by building the barrier is the difference between this
value and the level, L (500 ft), found in Example 2-25:

ALI = Ly, (500 f1) — L {500 ft)
= 66.6 - 80.6 = -14dB

P

Note that the insertion loss is || dB less than the barrier cftenucfion,ALb, because of the

loss of the ground attenuation,

The key parameter in determining barrier attenuation is the path length difference, 8. For g given source,
receiver, and barrier height, both 8 and the barrier attenuation are maximized by plocing the barrier as close to
the source or to the receiver as possible. All else being equal, placing it close to the source is preferable,
following the principle of source noise control discussed earlier. For a practical barrier the volue of 8 should be
pesitive; i.e., the barrier should block the line-of-sight. While some shielding occurs for negative 8, the insertion
loss will be much less and the geometry is of a nature that complex interactions will occur.

The ocoustical properties of the barrier material are of some importance. Simce the performance of a
barrier is based on no sound passing through it, the TL of the barrier material should exceed the shielding by a
substantial amount. A margin of at least 10 dB is good practice, In most cases, structural considerations will
resul! in barriers massive enough to satisfy this condition. Common building materials (plywood, concrete, etc.)
generally can be used. The important considerations are that there be no holes or gaps, and thct the TL be
satisfactory. Within these constraints, ordinary structural designs may be used. There are commercial noise
barriers available which may offer convenience or esthetic benefits, If a commercial barrier system is used,
care must be taken that all performance specifications by the manufacturer are understood,




The acoustic absorption of the barrier can also be significant. If the surfoce focing the source is absorbent,
the shielding may be improved. There is some controversy over this, but up tc 3 dB improvement has been
cloimed. Where reflections are a potential problem, such gs in the case in which noise-sensitive receivers are on
both sides of the source, absorption will help to reduce these. Absorption may be necessary to elimingte
reverberant build-up in some cases, such as near a retarder where reverberation ean occur between the barrier
and the sides of cars. Although weathering is o potential problem for abscrbent barriers, some commercial
systems have practical designs for weather protection.

2.3.3 Receiver Control

2.3.3.1 Insulation of Buildings

Where offected personnel are inside buildings, control con be ochieved by improving the noise insulation of
the structure, The basic concept of building noise insulation is to improve the TL of the building structure.
Unlike equipment enclosures discussed earlier, building walls are generally not homogeneous: a basic wall has
windows, doors, utility pass-throughs, etc, The noise insulgtion process consists of sequenticlly improving the

- weak links, The sequence generally occurs in three stages: g

-

1. Secling cracks, holes, and other noise leaks, This includes weatherstripping doors and windows.
2. Modifying or replacing low-TL wall elements, generally windows or doors.
3, Major modification of the wall structure to improve its TL.

With gll windows ond doors closed, the weakest acoustical elements will be gops, cracks, and vents. Gaps
and cracks occur most often in older structures where the weatherstripping is in poor condition, and where
cracks have appeared in the wall near window or door frames. Other sound entry paths include chimneys without
dampers and most types of vents to the exterior, including window air conditioners ond mail slots. The first step
of soundproofing involves closing or sealing these leaks, ond providing ocoustic baffies for the vents. However,
for the building to be habitable, a certain minimum air infiltration is necessary, ond this must be provided by on
acoustically treated air ventilation system of some kind.

Further reduction in the interior noise level beyond this first step requires more care since the weak
acoustical paths are now not 0 obvious and the effort may be wasted on unnecessary items. In most cases, the
next step is to modify the windows and doors themselves, since these generally become the dominating paths in
terms of noise entry after the gops and cracks are sealed. A double-window system is required together with a
solid core-type door, both of which must include good quality edge seals. The exceptions to these requirements
occur on the shielded sides of the building which often require no further treatment beyond the first stage. If a
dwelling hcs o beamed ceiling, then modification of the roof may be necessary, both because of the poor
ottenuation characteristics of beamed ceilings and because of the large ceiling area involved. These
modifications form the second stoge of soundproofing.

The final stage of soundproofing, if the two previous stoges do not provide odequate noise reduction, is
modification of the main wall and roof elements. Two of the simpler medifications are addition of absorbing
material to the ceiling, and resilient mounting of the interior wall panels. For walls with single continuous studs,
adding absorption to the cavity increases the transmission loss at low frequencies. Medium- and high-frequency
sound is transmitted more through the studs than the cavity.

Table 2-13 shows estimates of the increase in TL that can be expected from each of these three stages of
modification. Also indicated are estimates of the initial modification cost, the additional ventilation required,
and the heating and air—conditioning energy savings that accrue from the modification.

2.3.3.2 Isolation Booths

‘ A specialized case of a noise-insuloted structure is o small booth specifically for noise protection. Such a
booth con be a shack in a noisy part of the yard, or on office enclosure within a noisy shop area. Exactly the
same design considerations apply os previously described. Commercially manufactured isolation booths are
available, ranging from components with documented TL curves to complete booths with specified NR. Pur-
chasing such o booth con be less costly than designing onme specially, As with any commercial product, the
monufacturer's presentation of specifications should be understood, and o performonce standard should be

required when ordering.

2.3.3.3 Hearing Protectors

When engineering conirols of noise are not feasible ond workers must work in noisy areas, hearing
protectors may be the only protection means available. They should always be worn whenever the OSHA noise
criteria are exceeded. ‘

There are two types of protectors available: muffs and plugs. Muffs are hard foam-lined shells which fit
over the ears. They generaily are connected by a flexible heodband, but are also available built onto hard hats,
like ear flaps on @ winter cap. A soft grommet around the edge of the shell provides o good seal against the
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Table 2-13

Relative Aspects of Noise Reduction Modifications to External Wulls19
' l . Initial Additional Heating and
Noise Reduction Modification L "‘;’S"fse ,:” Modification Ventilation Air Conditioning
ot »iructure Cost Required Energy Savings
SEAL LEAKS )
Seal all cracks, openings, and leaks with
cavlk, tape, or weatherstripping around
door, window, and wall joint seams. Up to 4 dB Low High High
Provide acoustical baffles for chimneys,
ventilators, etc,
IMPROVE LOW-TL WALL ELEMENTS
For \fvmdows., doors, air condmoner_s, and Up to 10 dB over
ventilators, install new elements with .
sealing of cracks; Moderate None Moderate
upgraded TL comparable to that of wall .
typically, 4 to 7 dB.
structure,
WALL AND ROOF STRUCTURE
Construction changes to walls and roof, Up to 10 dB over small Moderate
including stud space insulation and eiement modifications; High None to
resilient mounting of interior surface. higher for more High

extensive modifications.




head. On better quality muffs, this grommet is liquid filied so as to permit good secling with very little pressure,
Ear plugs fit into the ear canal, and come in several varieties. Fixed-shape plugs are made of rubber-like
materials, and resembie those used by swimmers, A number of different designs exist, with some available in o
ronge of sizes. Moldable plugs ore lumps of wax-like or cotton-like material which are roiled into balls or cones,
then pressed into the ears. They are usually used o few times {sometimes just once), then thrown away. Custom-
molded plugs are individually cast for each person, They are made of a meterial which is molded and inserted
like moldable plugs, but which then cures and retains its shape.

Figure 2-37 shows attenuation curves for several hearing protectors. In general, muffs perform better thon
plugs at low to medium frequencies. The attenuation values are not highly precise, however. Attenuction volues
are obtained by performing audiograms on subjects with and without the protectors. A standard deviation of
10 dB is comman in this type of dataZ! Proper fitting and use are important. Eor plugs must be fitted correctly;
this requires troined personne!, especially for the fitting of custom-molded plugs. Personne! must be trained in
proper use of protectors. Plugs must be inserted so as to form an airtight seal. Muffs must be worn over the
ears, with no interference from hair, eyeglass bows, clothing, etc. Good use instructions are generaily available

from monufacturers.

The greatest difficulty with hearing protectors is in getting personne! to usé them, and to use them
properly. A positive educational and enforcement progrom is necessary. Foilure to wear hearing protectors
when required con be considered grounds for disciplinary oction. Relying solely upon discipline for use is not
likely to be completely successful, however, as it ploces a heavy policing burden on supervisors. [t is very
difficult to tell if ear plugs are in use without close inspection; even then, they may just be sitting loosely in
ploce. Muffs can be improperly used, without this being apparent from a distance., They must be worn over the
ears, not the temples, hat rim, etc.

The major objections to the use of hearing protectors are comfort and the belief that danger signals will
not be heard. The comfort objection can be overcome by providing o variety of good-quality protectors, Muffs
with liquid-filled seals cre more comfortable because they require less pressure. Individuals will also have
preferences between muffs end plugs, os well as between different types of plugs., [f disposable plugs are used,
an odequate supply should be conveniently available. [t is also odvisable to have spare muffs and a dispenser of
disposable plugs in criticol oreas for use by personnel who hove forgotten to bring their own.

Impaired perception of danger signals is o real concern, although not as serious as might be thought, In o
steody noise areg, such as next to @ load cell, any signal which can be heard above the noise can be heard equally
well with protectors. This applies to speech communication as well; voices must be raised above the background
with or without protectors, Worning devices, such as bells and whistles, are loud enough that they rise above the
bockground and can therefore be heard with protectors. In the cose of intermittent noise, however, protectors
may block out noises which might otherwise be cudible during quiet periods. Muffs are better than plugs in this
regard because they are more easily removed and replaoced.

2.3.3.4 Scheduling of Personne!

Where noise controls are not feasible, personne! may be scheduled so as to limit their noise exposure. The
simplest method is fo rotote personnel, dividing the time spent in noisy areas among several employees. The
OSHA noise guidelines, Table 2-8, specify how many hours per day are allowed at different levels, This table
may be used as the basis for developing ¢ rotation schedule. :

2.3.3.5 Masking

When the humon eor is exposed to two sounds in the some frequency range, only the louder will be
. perceived, Individua! sounds below the background noise are thus not perceived. If the background noise is very
low, sounds which would normaolly not pose any sort of problem may be quite noticeable. In open—plan offices,
privacy of speech communication may be impaired. Some individuals may find it difficult to sleep in a very quiet
bedroom because minor sounds will be intrusive. In such cases, it is useful fo introduce a controlled background
noise, usuolly broodband random noise although music is sometimes used. Masking noise is of low level, usually
no greater than 45 to 50 dB. If louder, it becomes on intrusive problem itself. Masking in no woy reduces noise;
it always raises the overall fevel. However, masking noise produces on environment which may be psycho-
logically more desirable becouse it reduces the information content in the sound heard. While specialized
masking noise sources are available, it is very often adequate to turn on o fan, window air conditioner, or radio.

2.3.3.6 Hearing Conservation Progroms

Whenever personrel are exposed to high noise levels, a hearing conservation program must be implemented.
On 16 January 1980, the U.S. Deportment of Labor promuigated an amendment to the occupational noise
exposure standard (CFR 1910.95) which spells out in considerable detail the requirements that such a hearing
conservation program must meet.® This omendment applies to all employees experiencing an B-hour time-
weighted average level of 85 dB or greater l(or, equivalently, a noise dose of 50 percent or greater).

As of the time of publication of this moanual, certain detailed parts of this amendment had been stayed and
were under review, while other parts were in force® The general provisions, which contain the elements of o
good hearing conservation program, are in force and include:
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identification of affected employees,

periodic noise exposure monitoring,
periodic audiometric testing,
the use of hearing protectors where necessary,

employee education programs, and

record keeping and reporting.

Because the detailed requirements for each of these elements may change in the future, they are not presenred
here. Instead, the general characteristics of each of these elements are described.

Unless alf employees are fo be included in a hearing conservation program, those exposed to excessive noise
must be identified to determine who should be included in the progream. An employee's noise exposure can be
measured directly by having him wear an audiodosimeter during his workdcy or it can be estimoted from
measurements of the sound levels ond exposure times for the various noise environments that he experiences
using the procedure described in Section 2.1.8. At the time of publication of this handbook, CFR [910.35
permitted either method provided that all continuous, intermittent, ond lmpulsrve sound levels from 80 dB to
130 dB are integrated into the computation. It also required 1hc'r ail such noise exposure monitoring be

completed by 22 February {982,

Both methods provide a reasonable measure of an emplovee's noise exposure when the noise environments
thet he experiences are similar from doy to doy ond consist of non-impulsive noise. When the daily noise
environment to which o worker is subjected vaories, it may be necessary to measure or estimate his noise
exposure on several different doys in order to determine o range of exposures.

If impulsive noise plays @ dominant role in determining on employee's noise exposure, accurate measure-
ment of his dose becomes difficult. Present standords governing oudiodosimeters do not specify how impulsive
sounds shall be integrated into the noise dose computation. Thus, in an impulsive noise environment, the
measured dose may vary considerably from one type of instrument to another. Similarly, no stondards exist
defining how sound leve!l meter measurements of impulsive noise pecks can be used to estimate a noise dose,

Since an employee's noise exposure will change if any of the noise sources to which he is exposed is
changed or if any of his duties is changed, it is wise fo occasionally remeasure ail employees’' noise dose to
determine if any should be odded to the hearing conservation program or if any can be dropped from the
program. Thus periodic noise exposure monitoring should be part of a good hearing conservation program.

Once the employees to be included in a hearing conservation program are identified, sach should be given an
initial baselime qudiogrom to determine the present extent of hearing loss, if any. This should be followed by
pericdic follow-on audiograms to check for any odditional hearing loss. At the time of publication of this
handbook, CFR 1910.95 required that baseline cudiograms be compieted by 22 August 1982. Additional follow-on
audiograms are required at least annually,

CFR 1910.95 olso requires thot audiometric tests be performed by a licensed or certified qudiclogist,
otolaryngologist, or other qualified physician, or by o technician who is certified by the Council of Accreditation
in Occupotional Hearing Conservation, or who has satisfactorily demonstrated competence in administering
audiometric excminations, obtaining valid eudicgrams, and properly using, maintaining, and calibrating audi-
emeters. |f a technicion performs oudiometric tests, he must be responsible to an audiologist, otolaryngelogist,
or qualified physician.

Annua! audiogroms are to be compared to the employee'’s baseline gudiogrom to determine if a significont
threshold shift has occurred. An oudiologist, otolaryngologist, or qualified physician must review the audiograms
1o determine whether or not there is need for further evaluation. If o comparison of the annual audiogrem to the
baseline audiogram indicates a significant threshold shift, the following steps must be taken:

s Employees not using hearing protectors must be fitted with hearing protectors, trained in their use and
care, and required to use them,

& Employees aclready using hearing protectors must be refitted and retrained in the use of hearing
protectors and provided with hearing protectors offering greater attenuation if necessary.

e An employee must be informed, in writing, within 2| days of the determination, of the existence of ¢
significont threshold shift,

Detoiled requirements for audiometric measuring instruments, cudiometric test procedures, audiometer
calibrations, and audiometric test room requirements are presented in CFR 1910.95, These should be reviewed
before implementing ony hearing conservation program.

An important part of a hearing conservation program, often overlooked, is a coordinated employee
education program. Employees cannot generclly be counted on to avoid high noise areas and to wear hearing
protectors, unless they are informed of the dangers of excessive noise exposure and instructed in the proper use
of protective equipment. In additien te initial instruction in these matters, periodic reviews and updates should
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be provided so that employees are continually reminded of safe practices. Warning signs should also be placed in
high noise areas te remind employees of the potential hazard.

Finally, every hearing conservation program should include detgiled record keeping. CFR 1510.95 requires
that employer records be kept of:

s all employee noise exposure meosurements,

e all employee gudiograms, and

® background sound level measurements in audiometric test rooms.
Such reccrd keeping protects not only the employee, by allowing the identification of a progressive hearing loss,
but also the employer, by certifying those cases where hearing loss did not occur. Many octions of hearing loss

against employers are won because records do not exist to show that the noise exposure received at work was
within safe limits.

2.3.3.7 Noise-Compatible Land-Use Planning

Although not strictly a receiver control, the application of land-use planning to separate areas of
residential development from areas of noisy industrial development is often the most sensible means of reducing
residential noise exposure. This technique essentially takes advantage of the relatively short-range propagation
of sound by increasing the distance between noise sources and noise-sensitive receivers or by providing less
noise-sensitive buffers (such as commercial developments) between them, which then partially oct as barriers.

In attempting to reduce noise impact on neighboring communities, source and path controls by a railroad
generclly either produce insufficient ottenuation of sound levels or are prohibitively expensive, Receiver
controls within the community are usually not an availcble technique. What has often proved to be most
effective is g commbination of source and path control coupled with noise-compatible land-use planning within the
local community.

Such a strategy places some of the responsibility for the problem solution on the community as well as the
railrced. In that the railrood provides economic benefit to the-.community, this approach is entirely reasonable.

To successfully implement noise compatibility in the proximity of ralirood operations requires the railroads
to provide information to the community on noise levels emitied by their operations. Such information is
typicolly developed through environmental impact statements, The community's responsibility is to utilize such
information in zoning and rezoning considerations such that residential and other noise-sensitive land uses are
buffered from railroad noise sources by less noise~-sensitive activities,

2-86




oo»m

10.
1.

2.

.
18,
19.

20.

21,

REFERENCES FOR CHAPTER 2

ANS| 51,6-1967, “Preferred Frequencies ond Bond Numbers for Acoustical Measurements,™ Americon
Nationa) Standards Institute, Inc., 1430 Broadway, New York, NY [0018.

ANSI S1.4-1971, "American Nationol Stondard Specification for Sound Level Meters,” American National
Standards Institute, [430 Broodway, New York, NY 100(8.

29 CFR Part 210 as published in the Federal Register, Vol. 46, No. 162, August 21, [981, p. 42622, ond
Vol. 46, No. [, January 16, 198}, p. 4181,

49 CFR Part 229 os published in the Federal Register, Vol. 45, No. 63, March 31, 1980, p. 21092,
"Effects of Noise on People," U,S, Environmental Protection Agency, NTID 300.7, December 1971,

White, F.A., Our Acoustic Environment, John Wiley & Sons, 1975,

Hondbook of Noise Control, Harris, C.M. (ed), McGraw-Hill Book Co., 1979.

Community Noise, Peppin, R.J., ond Rodman, C.W. {eds.), ASTM Special Technical Publication 692,
American %ociefy for Testing & Materials, May 1978,

"information on Levels of Environmenta! Noise Requisite to Protect Public Health ond Weifare With aon
Adequate Margin of Safety,” .S, Environmental Protection Agency, 550/9-74-004, March 1974,

Availeble from American National Stondards Institute, 1430 Broodway, New York, NY 10018,

Condenser Microphones and Microphone Preamplifiers, Bruel & Kjoer, Noerum, Denmark, December 1976.

Sharp, B.H., "A Study of Techniques to Increase the Sound insulation of Building Elements,” Wyle Research
Report WR 73-5, June 1973,

Hedeen, R.A., "Compendium of Materials for Noise Control,” DHEW (NIOSH) Publication No. 80-116,
May 1980.

"Guide to the Soundproofing of Existing Homes Against Exterior MNoise," Wyle Research Staff Report
WCR 70-2, March 1970,

"Method for the Calculation of the Absorption of Sound by ‘the Atmosphere,” ANSI 51.26-1978
(ASA 23-1978).

Calculated using o digita! computer progrom based on the method of Chessell (Chessell, C.1., "Propogation
of Noise Along a Finite impedance Boundary," JASA, 62, p. 825, 1977).

Maekawa, Z.E., "Noise Reduction by Screens,” Applied Acoustics, |, pp. 157-173, 1971.
Kurze, U., end Anderson, G.5., "Sound Attenuation by Barriers,” Applied Acoustics, &, pp. 35-53, 1971,

Davy, B.A.,, and Skcie, S5.R., "Insulation of Buildings Against Highway MNoise," Wyle Research Report
WR 76- 10, September 1976, Also, FHWA-RD-76.

Botsford, J.H., "Ear Proteciors - Their Charocteristics and Uses,” Sound & Vibration, 6, pp. 24-29,
November |5972, -

Franzen, R.L., ond Stein, L., "Influence of the Fitter on Earplug Performance," Sound & Vibration, 8,
pp. 28-32, January |1974.

2-87 / 2-88






CHAPTER 3
LINE-HAUL OPERATIONS

This ¢hapter discusses two general types of noise source that are present in line-haul operations on roiireod
systems. These ore:

& Moving Locomotives, and
o Moving Roilrood Cars.

The following items are described separately for each of these sources:

Existing federal requlations controlling noise emission from the source;

The acoustic metric used to quantify this noise emission;

The measurement site selection;

The instrumentation ond measurement procedure needed to determine the noise emission;
The existing data base describing noise emission levels from the source; and

Noise abaotermnent technigues that may be applied to control noise emission from the source.

* & & & = B

Where appropriate, typical checklists, data sheets, and analysis worksheets are provided along with examples of
their use.

This chapter is arranged in two sections: Section 3.| describes exterior noise emission into the community
from moving locomotives and railrood cars; Section 3.2 describes inferior noise exposure within moving
locomotives and reilroad cars.

3|  Exterior Noise Emission From Moving Locomotives and Railrood Cars

The noise emissions into the community from moving locomotives and railroad cars are reguloted by the
United States Code of Federal Regulations — 40 CFR Part 201. In Section 3.1.1, the regulations for each of these
two sources are described. In Sections 3.1.2 through 3.1.5, the common acoustic metric, measurement site
requirements, instrumentation, and measurement procedures for these sources are discussed. Data bases of
current noise levels from each of the two sources are given in Section 3.1.6, while noise abatement techniques
for each source are described in Section 3.1.7,

KN Regulations '

3.1.1.1  Moving Locomotives

On Jonuary &4, 1980, the Environmental Protection Agency published updated regulations specifying noise
emission stondards for moving locomotives in line-haul operation. The noise limits set forth in the standard ore

summarized in Table 3-1.
Table 3-1

Noise Emission Standard For
Moving Locometives In Line-Haul Service

. Date of Monufocture Type of Maximum Permitted (2)
Date Effective of Locomotive Locomotive A-Weighted Sound Level(') Tolerance
Dec. 31, 1974 On or Before Dec. 31, 1979 Any 96 dB 2d8
After Dec. 31, 1979 Any 20 dB 248
Jan. 15,1984 | Any Switcherd 9% dB @)
Only ‘

(I)  When measured at a distance of 100 feet with fast response at any time under any condition of grade, load,
aocceleration, or deceleration.

(2) Re: FRA Noise Emission Compliance Regulation, 49 CFR Part 210,
(3) Switcher locomotives as defined by the regulation cre those locomotives listed in Table 3-2.
{4) Allowed tolerance had not been specified by FRA at the time of publication of this handbook.
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Table 3-2

Switcher Locomotives Defined in 40 CFR Part 20!

Type Engine
General Electric Co,
44 ton 8-D17000(2)
70 ton &CBFWL-6T
95 ton 6 CBFWL-6T

Electromotive Division (GMC)

SC 8201 A

NC 12-201A
NCI 12-201 A
NC2 12-201A
Nw 12-201A
NW| 12-201A
NWIA 12-201A
Nw2 12-567
Nw2 12-567A
NW3 12-567
Nw4 12-201A
NW5 12-567B
SW 8-201A/6-567
SWI 6-567A/AC
SW2 6-567

SW3 6-567
SWe00 6-561C
Sw7 12-567A
Sw8 8-567B/BC
SW900 8-5678
SW9 12-567B/BC/C
SW1200 12-567C
SW1000 B-645E
SWi001 8-645E
SW1500 12-643E
MP 15 12-645E
MPI5AC 12-645E
GMDI 12-567C
RS1325 12-567C

Transfer Switcher Including
"Cow ond Calt"”

T 12-201 A(2)
TR 12-567(2)
TRI 16-567(2)
TR2 [2-567A(2)
TR3 12-567(3)
TR4 12-56TA(2)
TRS 12-567B(2)
TRé 8-5678(2)

*  These models may be found assigned
to road service as we!l as switcher service,
" but are considered switcher locomotives
for the purpose of this regulation.
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Type Engine
Baldwin

VQO-660 6-VO
DS-446 6-606NA
DS4475 6-750
5-8 6-606
VO-1000 8-VO
DS-4410 8-608NA
DS-4410 6-6065C
S-12 6-606A
DRS-4410*% 6-6065C
DRS-12* 6-606A

Fairbanks Morse

6-0P
6-0P
£-0OP
6-0OP

Lima

6-Hamilton
6-Hamilton
8-Hamilton
8-Hamilton
8-Hamilton

8-Hamilton(2)

ALCO and MLW

6-539NA
6-539T
6-539NA
6-539T
6-251
6-25{A,B
6-539
6-539
6-539
6-539T
6-251C
6-539
6-532
12-244
6-5397
12-244
{2-244
i2-244
12-244
12-244
12-244
12-244
6-251B
8-251F
12-251




The final reguletion in 40 CFR Part 201 is as follows:
B 201.12 Standard for locomotive operation under moving condition.

{a} Commencing December 31, 1976, no carrier subject to this regulation may operate any
locomotive or combination of locomotives to which this regulation is applicable, and of which
manufocture is completed on or before December 31, 1979, which produces A-weighted sound levels
in excess of 96 dB when moving a! any time or under any condition of grode, load, acceleration, or
deceleration, when measured in occordance with the criteria specified in Subpart C of this regulation
with fast meter response at 30 meters (100 feet) from the centerline of any section of trock having
less than o two (2) degree curve {or o radius of curvature greater than 873 meters (2,863 feet) ).

(b) No carrier subject to this regulotion may operate ony locomotive or combination of
locomotives to which this regulation is applicable, and of which manufacture is completed after
Decernber 31, 1979, which produce A-weighted sound levels in excess of 90 dB when moving at any
time or under any condition of grade, load, accelerotion, or deceleration, when measured in
accordance with the criteria specified in Subpart C of this part with fast meter response at 30 meters
(100 feet) from the centeriine of any section of track having less than a two (2} degree curve (or @
radius of curvature greoter thon 873 meters (2,865 feet) ).

(¢) Commencing Jonuary [5, 1984, no carrier subject to this regulotion may operate ony switcher
locomeotive or @ combination of switcher locomotives to which this regulation is opplicable, ond of
which manufacture is completed on or before December 31, 1979, which produce A-weighted sound
levels in excess of 90 dB when moving at any time or under any condition of grode, load, occelerction,
or deceleration, ond when measured in accordance' with the criteria in Subpart C of this part with
fast meter response at 30 meters (100 feet) from the centerline of ony section of trock having less
than a two (2) degree curve (or a radius of curvature greater than 873 meters (2,865 feet}). All
switcher locomotives that operate in a particular railrood focility are deemed to be in compliance
with this standeord if the A-weighted sound leve! from stationary switcher locomotives, singly or in
combination with other stationcry locomotives, does not exceed 65 dB when measured with fost
meter response at any receiving property measurement location near that particular railyard fociiity
and when measured in occordance with Subpart C of this regulation.

3.4.1.2  Moving Railrood Cars

Cn December 31, 1975, the Environmental Protection Agency published regulgtions specifying noise
emission standards for moving railroad cars in line-houl operation, The noise limits set forth in the standard are

sumrnarized in Table 3-3.

Table 3-3

Noise Emission Standerd For
Moving Railroad Cars In Line-Haul Service
(40 CFR Part 201, 8 201.13)

Dote Effective Speed A_'a,f;igr:;’:; Ps emgt:sel 2) Tolerunce(s)
45 mph or Lower 88 dB 2dB
December 3!, 1976
Above 45 mph 93 d8 2dB

(1) When speed cannot be determired to an occuracy of +5 mph, the 93 dB standard shall apply.(3)
(2) When measured at a distance of 100 feet with fast response.
(3) Re: FRA Noise Emission Compliance Regulations, 49 CFR Part 210.

The final reguletion in 40 CFR Part 201 is as follows:
§20/,13 Standard For Rail Operations.

Effective December 31, 1976, no carrier subject to this regulation shall operate any rail car or
combination of rail cars which while in motion produce sound levels in excess of (1) 88 dB(A) ot rail
car speeds up to and including 72 km/hr (45 mph); or (2) 93 dB(A) ot rail car speeds greater than
72 km/hr (45 mph); when measured in accordance with the criteria specified in Subpart (C) of this
part with fast meter response at 30 meters ([00 feet) from the centerline of any section of track
which is free of special track work or bridges or tresties and which exhibits less than o two (2) degree
curve (or @ radius of curvature greater than 873 meters (2,865 feet) ).
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3.1.2 Acoustic Metric

The metric used in these regulations is summarized in Table 3-4.

Table 3-4

Acoustic Metric For Moving Locomotives
And Railroad Cars Noise Measurements

A-WEIGHTED SOUND LEVEL
"FAST" METER RESPONSE

As stated in 8 201.21 of the regulations:

"The quantities to be measured under the test conditions described below, are the A-wellgh?ed
sound levels for "fast" meter response as defined in the American Nationat Standerd S1.4-1971."

313 Measuremient Site Selection

The location at which the sound measurements are to be conducted must be chosen carefully to ensure that
the conditions summarized in Table 3-5 are satisfied.

When carrying out measurements on g stationary locomotive under load, it is often difficult to meet the
clear-zone requirements in Figure 3-1. This difficulty occurs when it is necessary to conduct the noise
mecsurements at a locomotive load cell test stand, because the locomotive ‘o be tested cannot be self-loaded.
In general, such test stands are located in yard areas near reflecting objects, such as buildings, loed cell
structures, and other locomotives,

If a site conforming to the clear-zone requirements is not available, it may still be possibie to obtain
acceptably accurate measurements of focomotive noise at existing load cell test sites. On the basis of the results
of a recent sfudy,z the clear-zone requirements con be refaxed, as described befow, and one should still be able
to obtain measurements of locomotive noise within +1 dBA to -0.5 dBA of measurements at a conforming site.

L oad Cell Requirements
e The locomotive should be located between the test microphone and load cell with no part of the lood
cell visible from the test microphone.
e The outlet for cooling air from the load cell should be as low as possible. High chimneys should be
avoided.

Site Geometry
e The locomotive should be fully visible from the test microphone, especially the exhgust outlet and
radiator cooling fan inlets and outlets,

¢ A single, large reflecting surface (greater than 6 feet by & feet) directly behind the microphonre,
e.g., such that the microphone is between the locomotive and the reflecting surface, can be as close as
50 feet away from the microphone. This restriction can be relaxed if it can be shown that because of
the limited size and orientation of the reflecting surface no paths exist for sound to propegate from the
locomotive to the microphone by reflecting off the surface.

e A single, large reflecting surface (greater thon 6 feet by & feet) to the side of and approximately
parglle! to c line joining the center of the locomotive and microphone should be 100 feet from that line
as the standard requires. This restriction can be relaxed if it can be shown that no paths exist for sound
to propagate from the locomotive to the microphane by reflecting off the surfoce,

e A single, large reflecting surface behind the locomotive, e.g., such that the locomotive is between the
microphone and the surface, does not present as severe a problem because of the substantial barrier
that the locomotive presents to reflected sound. If sound reflecting off that surface must pass through
the locomotive in order to reach the microphone, the surface may be as close as 10 feet from the side
of the locomotive,

Weather Conditions

o Requirements on weather conditions specified in the standard should be qdhered to. In oddition, it is
desirable to locate the microphone downwind from the locomotive and to test on days with steady wind
rather than on days in which the wind speed fluctuates between calm and the 20 mph wind gust limits
allowed in the standard.

* Superscripts refer to references at end of chapter,
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Table 3-5

Measurement Site Requirements For
Moving and Stationary Locomotives,* Raitroad Cars, and
Locomotive Load Cell Noise Measurements

e BTk g

TEST SITE

Open space with no large reflecting objects
within 100 feet of the source or the measurement
position (see Figure 3-1).

100 Ft

SITE_ELEVATION S
. 0 e " !
The top of at least one rail must be visible pagaraaspas apaipuzanpanr

from 4 feet above the ground at the microphone
location. » ’7 //

GROUND COVER
At least 80 percent of the rail must be visible

from the microphone position with no ground hicro hone
cover (trees, grass, fences, etc,) obstructing the 100 s
- view. , : CLEAR /
ZONE
MICROPHONE POSITION
The microphone must be 4 feet above the Figure 3-1. Test Site Clear Zone
ground. The ground elevation at the microphone Requirement For Locomotives
location must be between |0 feet below and (Moving and Stationary), Locomo-
5 feet above the elevation of the top of the rail at tive Load Celi Test Stands, and
position A in the figure. Moving Railroad Cars.

TRACK CONDITIONS
(Moving Locomotives and Railroad Cars Only)

Less than 2-degree curve or a radius greater than 2,865 feet,

WEATHER CONDITIONS

Measurements should be taken only under these conditions:

e No precipitation (rain, snow, sleet, hail, etc.).
e Wind speed below 12 mph.
e Wind gusts below 20 mph.

BACKGROUND NOISE LEVEL

The maximum A-weighted fast response sound level measured at the test site
immediately before and after the source test must be at least 10 dB lower than that of
the source being measured.

* Relaxed requirements for carrying out measurements on stationary locomotives
under load are discussed in the text.
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The measurement site selection conditions as stated in § 201.23 of the regulations are as follows:

{e) The standard test site shall be such that the lccomotive or train radiates sound into g free
field over the ground plane. This condition may be considered fulfilied if the test site consists of an
open space free of large, sound-reflecting objects, such as barriers, hills, signboards, parked vehicles,
locomotives or rail cars on adjacent trocks, bridges or buildings within the boundarles described by
Figure !, as well as conforms to the other requirements of this 3 201.23.

{b) Within the complete test site, the top of at least one rail upon which the locomotive or train is
located shall be visible (line of site) from a position 1.2 meters (4 feet) above the ground at the
microphone location, except as provided in paragraph (c) of this section.

{c) Ground cover such as vegetation, fenceposts, small trees, telephone poles, etc., shall be
limited within the area in the test site between the vehicle under test and the measuring microphone
such that 80 percent of the top of at least one rail along the entire test section of track be visible
from a position 1.2 meters (4 feet) above the ground at the microphone location; except that no single
obstruction shall account for more than 5 percent of the total aliowable obstruction.

(d) The ground elevation at the microphone location shall be within plus 1.5 meters (5 feet) or
minus 3.0 meters (|0 feet) of the elevation of the top of the rail at the location in-line with the
microphone.

(e) Within the test site, the track shall exhibit less than o two (2) degree curve or a radius of
curvature greater than 873 meters (2,865 feet). This paragraph shall not apply during a stationary
test. The track shall be tie and baliast, free of special track work and bridges or trestles.

(f) Measurements shall not be made during precipitation.

(g) The maximum A-weighted fast response sound level observed at the test site immediately
before and after the test shall be ct least |0 dB(A} below the level measured during the test. For the
locomotive pass-by tests this requirement applies before and after the train containing the rolling
stock to be tested has passed. This background sound level measurement shall include the
contribution from the operation of the load cell, if any, including load cell contribution during test.

(h) Noise measurements may only be made if the measured wind velocity is 19.3 km/hr {12 mph) or
less. Gust wind measurements of up to 33.2 km/hr {20 mph) are allowed.

3.14 Instrumentation

The instrumentation recommaended to make moving locomative and railroad car possby noise measurements
is shown in Table 3-6.

Table 3-§

Instrumentation For Moving Locomotive and
Ruailread Car Naise Measurements

SOUND LEVEL METER
- MICROPHONE AND WINDSCREEN
TRIPOD
SOUND LEVEL CALIBRATOR
WIND SPEED METER
TRAIN SPEED MEASURING DEVICE
ACCESSORIES

The instrumentation requirements stated in § 201.22 of the regulations are as follows:

(c} A sound level meter or alternate sound level measurement system that meets, as @ minimum,
all the requirements of American Nationgl Standard S1.4-19711 for a Type | (or S51A) instrument
must be used with the "fast" meter response characteristic as specified in SubpartB. Te insure
Type 1 response, the manufacturer's instructions regarding mounting or orienting of the m;crophone,
and positioning of the observer must be observed. In the event that a Type | (or S| A) instrument is
not available for determining non-compliance with this regulation, the measurements may be made
with a Type 2 (or 52A). .
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{b) A microphone windscreen and en acoustic calibrator of the coupler type must be used as
recommended by: (1) the monufacturer of the sound level meter, or (2) the manufacturer of the
microphone. The choice of both devices must be based on ensuring that Type | or Type2
performance, as opproprigte, is maintgcined for frequencies below 10,000 Hz.

in oddition, the FRA Complionce Regulations (49 CFR Part 210, 8210.29) require that the following
colibrotion procedures must be utilized:

(1) (i) The sound level measurernent systermn including the microphone must be calibrated and oppropri-
ately adjusted at one or more nominal frequencies in the range from 250 through 1000 Hz ot the
beginning of each series of measurements, at intervals not exceeding 1 {one) hour during continual
use, and immedictely fellowing a measurement indicating o violation.

{ii) The sound leve! measurement system must be checked out not less than once each yeor by its
menufacturer, a representative of its manufacturer, or a person of equivalent special competence to
verify that its occuracy meets the manufacturer's design criteria.

(2) An gcoustical calibrator of the microphone coupler type designed for the sound level measurement
system in use shall be used to calibrate the sound level measurement systemn in accordonce with
paragraph (lé {i) of this subsection. The calibration must meet or exceed the occuracy requirements
specified in 8 5.4.! of the American National Standard Institute Standards, "Method for Measurement of
Sound Pressure Levels" {(ANS] 51.13-197 I),I for field method measurements.

3.1.5 Measurement Procedure

The procedure to be followed when conducting meving locomotive and rallroad car noise measurements is
derived from the EPA noise standord regulation, the FRA complionce regulation, and common measurement
proctice,

The procedure is made up of four phases. They inciude: .
e Progrem Plonning

o Instrumentation Checkout

¢ Instrumentation Setup

& Dato Collection

A description of these phases as applied to moving locomotive and railrood car noise measurements is presented
in the rest of this section. Where appropricte, sample worksheets are included. These may be copied directly or
may be used as a basis for designing o more personalized format. .

3.1.5.1 Progrem Planning

The first stage of the measurement program is program plonning. It is during this phase that decisions are
made concerning such factors as the number of locomotives, locomotive consists, ond railroad cars to be tested;
specifically which units will be tested, the locations and number of test sites, and the day and time the
measurements are to be made, Permission to be allowed access to the measurement locations ot the time
desired should be obtcined from the responsible railroad official.  The number of pecple to corry out the
measurements should be determined and specific individuals assigned to the measurement team. Most field
measurements involving moving or changing sources require a1 least two people — one to observe and record the
sound level measurements, the other to determine and note other characteristics of the noise source (e.g., type,

identification, location, speed, etc.)

It is olso at this point that the instrumentation system is specified ond ocquired. The system used for
moving locomotive and railrood car noise measurements will normally consist of @ Type | or 2 sound leve! meater
with a calibrator, windscreen, and tripod. Other useful equipment include g wind speed-measuring device, a 100-
foot tape measure, and a thermometer,

A program planning worksheet is useful in assuring that all of the plonning details are carried out. An
example of such a worksheet is shown in Figure 3-2.

3.1.5.2 Instrumentation Checkout

Before proceeding to the field for measurements, the instrumentation system should be assembled and
thoroughly checked out and the manufocturer’s instructions referred to for calibration and operational
procedures. The batteries should be tested and all interconnecting cables and mounting hardware should be
connected fo ossure that the correct plugs fit into the proper instruments, and that the overall system operates
as required. Accessories such as extra batteries, note pads, adhesive tape, and the like, should be assembled.
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PROGRAM PLANNING WORKSHEET
Moving Locomotives and Railrood Cars

Date: Prepared By:
Check
When

Completed Test Plan

CEEEEE TR

NEy

|

Determine the number of units to be tested.

Determine when the measurements will be made.

Determine where the measurements will be made.

ldentify the train number and locomotive number of the units to be tested.

Obtain permission to carry out measurements at desired location.

Instrumentation Checkout

Specify the instrumentation system required for the measurements,
Acquire the components of the instrumentation system.

Check out and calibrate the instrumentation system.

Complete the instrumentation system inventory worksheet,

Pack the instrumentation system for shipment to the measurement site.

Check weather conditions at measurement site; reschedule test if necessary.

Measurement Site Setup

Check in with person responsible for measurement site property.
Complete measurement site qualification worksheet,

Unpack instrumentation system, checking against inventory worksheet,
Set up the instrumentation system and check components for damage.
Calibrate the system and report results on the field data log.

Complete the annotation on the field data log.

-

Noise Measurements

Conduct noise measurements.
Record results on the field data log.
Check calibration of the system and record results on the field data log.

Repack system for return shipment, referring to inventory checksheet.

Program Completion

Unpack instrumentation system; check for damage.

Document measurement program.

Figure 3-2. Scmble Program Planning Worksheet,
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An inventory of the necessary equipment and a measurement site qualification worksheet should be
prepared ond token to the field. This assures that no details will be forgotten once the measurement program
hos begun. Samples of inventory and site qualificction worksheets are shown in Figures 3-3 ond 3-4,
respectively. The inventory sheet is meant fo be quite general; thus, depending on the situation, it may net be
necessary to toke all the equipment listed.

3.1.5.3 Instrumentation Setup

Before proceeding to the measurement site, the person in charge of the property on which the
measurements are to be token should be informed of the presence of the measurement team. Once at the site,
the instrumentation system should be set up occording to the manufocturer's instructions. The inventory
worksheet should be referred fo at this time. The measurement site quclificction should be verified, using the
measurement site qualification worksheet,

The sound level meter should be mounted on g tripod with the microphone at o level of 1.2 meters {4 feet)
above the ground. A windscreen should always be ottoched to the microphone. The sound level meter may be
tilted to allow ecse of reoding, ond the micraphone should be oriented occording to manufacturer's instructions,
This is critical, since certain microphones (perpendicular incidence) are designed to be pointed directly at the
major noise source, other microphones (grazing incidence) are designed to be pointed at right angles to the line
between the observer and the noise source, and still others (random incidence) are designed to be oriented in a
direction intermediote to these two,

For locomotive pass-by tests, the microphone should be positioned on a line perpendicular to the track ot a
peint 30 meters {100 feet) from the track centerline,

The operator should stand as far away from the meter as possible, consistent with his ability to make the
sound level readings easily. He should ovoid stonding between the microphone and the noise source being
measured. When possible, the microphone/preamplifier assembly should be mounted remote from the sound level
meter so that there is less chance of the observer affecting the measured data.

Care should be token to make sure that there is nothing between the microphone position and the sound
source which may interfere with the sound propogation. Na reflecting objects should be located within 100 feet
of either the microphone or the noise source. Refer to Figure 3-1 within Table 3-5 for a sketch of the cleor
zone requirements.

The sound level meter should be calibrated by odjusting the meter to read the level generated by the
calibrator, according to the manufocturer's instructions. This should be done prior to the beginning of
measurements, and noted in the field data log. Al |east once each hour during the measurement period and at
the completion of the measurements, the calibration should be checked; the calibrator level at this time should
be recorded in the dota log. In addition, the calibrator level should be recorded immediately following any
source megsurement indicating ¢ violation.

Draw a sketch of the measurerment area that includes all eudible noise saurces ond their approximate
location with respect to the measurement position, The location of oll reflecting surfaces, barriers, and other
factors that may affect the sound propogetion should also be noted on the sketech., An exoct scole map Is not
necessary, but @ good representation of the area, with distances to outstanding londmarks indicated, is desirable.
If a detailed map of the area is available, the site area should be located on it.

If possible, photographs of the area should be taken to show the ncise source. A very effective way to
photogroph the site is to stand at the microphone position ond take o series of pictures which show the full 360°
view from that spot. It is alse helpful to document the microphone location by stepping behind the microphone
and taking a picture which shows the microphone as well as the sound source being measured,

A dota log should be completed for the mecsurement program. A typical deto log sheet is shown in
Figure 3-5 and should contain the following information:

¢ Description of measurement location.

¢ Date of meosurements,

& Name of person performing the measurements.

o Types, models, serial numbers, or other identification charocteristics for all instrumentation,

s Barometric pressure, temperature, wind velocity, ond relative humidity, (This information can be
measured directly or, in many cases, con be obtained from local weather redio stations.)

® Results of calibration tests.

8 Measured levels and bockground levels.

o Description of equipment under test.

® Description of secondary noise saurces including type ond location.
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Date: Prepared By:

INSTRUMENTATION SYSTEM INVENTORY WORKSHEET
Moving Locomotives and Railroad Cars

INSTRUMENT Make Model

Serioi
No.

Date of
Last
Calibration

Cgiik Return

Sound Leve! Meter (SLM)

Microphone

Sound Level Calibrator

Wind Speed Measuring
Device :

Train Speed Measuring
Device

REQUIRED (*) AND RECOMMENDED ACCESSORIES

Checkout

Return

*

Microphone Windscreen

SLM Calibration Adjustment Tool (Screwdriver)

Tripod

Tape Measure

Thermometer

Hygrometer

Watch

Extra Batteries

Duct Tape

Connecting Cables

Flashlight

Weather Radio

Camera and Film

Ground Cloth

Earphones

Tools (screwdriver, pliers, etc.)

Figure 3-3. Sample Instrumentation System Inventory Warksheet.
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MEASUREMENT SITE QUALIFICATION WORKSHEET
Moving Locomotives and Railroad Cars

Date: Prepared By:

Location:

YES  NO

Have the test area clear-zone requirements been met? ’ _ -
Have the site ground contour requirements been met? _ .
Have the track conditions requirements been met? . o
Have the site ground cover requirements been met? - .
Has the microphone elevation requirement been met? I I
Will the ambient weather conditions permit noi;e emission tests? o -
Wind Speed Below 12 mph? . -
Wind Gusts Below 20 mph? | ’ , o -
No-precipitation condition met? - .

Will the ambient sound level conditions permit noise emission tests?
Has a sketch been made of the measurement site?

Have photographs been taken of the measurement site?

Figure 3-4. Sample Measurement Site Qualification Worksheet.
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FIELD DATA LOG
Meving Locomotives and Railroad Cars
{(PART A — Use For Each Continuous Measurement Period)

Date: Prepared By:

Location:

Time: Start of Measurements: Completion of Measurements:

EQUIPMENT:
Date of Last

Instrument Monufocturer Model Serial No. Calibratien

Sound LLevel Meter

Microphone

Colibrater

WEATHER CONDITIONS:

Time Wind Speed | Direction Ternperature Relative Humidlty Barometric Pressure

Pre-Test

Post.Test

CALIBRATION: Calibrator Leveis d8 Caiibrator Frequency: . __HZ

Time

Sound Leve!

BACKGROUND LEVEL:

Time

A-Weighted
Sound Level

SKETCH OF SITE GEOMETRY:

Z—>

Figure 3-5. Sample Field Data Log.
3-12




FIELD DATA LOG {Continved)
Moving Locomotives and Railroad Cars

(PART B — Use One Sheet For Each Train Passby Measured)

Date: Prepared By:

Location:

Railroad: Train No.

LOCOMOTIVE SOUND LEVELS:

Train Direction: _____

Train Speed:

Locomotive identification A-Weighted
Time Sound Lg f 4B Comments
Railroad Number evels
RAILROAD CAR SOUND LEVELS:
A-Weighted Comments

Time General Car Type

Sound Level, dB

OTHER NOISE SOURCES:

REMARKS:

Figure 3-5 (Concluded).
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Note that the sample data log in Figure 3-5 consists of two parts, Part A is completed for each continuous
measurement period at a given location, It is used to identify the measurement equipment and weather
conditions, to record the calibration and bockground sound levels, and to provide a sketch of the measurement
site geometry. One Part B form is completed for each train passby at the site. It is used to identify the train
and its direction and speed and the sound levels of locomotives, locomotive consists, and railrodd cars within the
train, |t is afso used to record sound levels of other nearby sources that may have contributed to the train passby
measurements. The "Remarks" section of the Part B form should be used 1o note any atypical events which may
have an effect on the meqsurements or their interpretation.

3.1.5.4 Dota Collection

The noise level of a moving locomotive should be measured as the locomotive gpprooches and passes by the
microphone location. The maximum noise level observed during this period should be recorded on the data leg.

The noise level of a moving locomotive consist should be measured as the whole consist approoches and
passes the microphone location. The maximum noise leve! observed during this period should be recorded on the
data log.

Locomotives or locomotive consists within a train which are separated by at least ten rail caor lengths or
500 feet should be treated os separate units and noise levels for each should be measured and recorded on the
data log. Censists of lecomotives containing at least one locomotive unit monufactured prior to Decem-
ber 31, 1979, must be evaluated for compliance using the 96 dB standard in Table 3-t, Consists of locomotives
composed entirely of locomotive units manufactured after December 31, 1979, must be evaluated for compliance
using the 90 dB standard in Table 3-1, If the build dates of all locomotives in @ consist cannot be established,
evaluation for compliance must be made using the 96 dB standard in Table 3-1.

Railroad car noise measurements can only be made when the locomotives have passed a distonce of
500 feet or ten railroad cors beyond the point ot the intersection of the trock and the line which extends
perpendicularly from the track to the microphone lecation {Point "A" in Figure 3-1), providing any other
locomotives are also at least 500 feet or ten rgilrood car lengths gway from the measuring point. The maximum
sound leve| observed in this manner should be recorded on the data log.

The train speed should be determined to within +5 mph as the train passes the microphone location. !f the
speed measurement equipment is not operating at the time of the measurement within the required toleronce,
then the measurements must be evaluated using the "Above 45 mph" criterion in Table 3-3.

3.1 Data Base

The purpose of this data base is o provide ¢ summary of representative locomotive and railroad car sound
levels to which field measurements can be compared. An individual source measurement lying far above the
range of values reported here should be cause of some concern, since it may be indication of mechanical
problems in the unit. The data presented here are based on measurements made by FRA inspectors during the
period from September 1978 to June 1981,

3.1.6.1 Moving Locomotives

On the basis of the results of 379 passby noise tests reported by F—'RA,3 A-weighted sound levels from
moving diesel-electiric locomotive consists at ¢ distance of [Q0 feet may range from 69 dB to 97 dB with ¢ mean
value of 87.8 dB. Table 3.7 shows the range, mean vaive, and standard deviation of these sound levels as a
function of number of units in the consist, [t appears that the sound level does not increase with the number of
units in the consist, as one might expect. However, it should be noted that many of the variables that affect
noise emission, such as the power settings of the units, are unknown in these samples. These uncontrolied
varigbles presumably play a more important role in determining the peak sound level than do the number of
units in the consist. Figure 3-6 shows the distribution of the sound levels in the overall FRA datg base.

One-third octave bond spectra typical of that from moving locomotives are shown in Figures 3-7 and 3-8.
The former is for ¢ locomotive moving at 58 mph on level grade; the latter is for o locomotive cscending a
2.2-percent grade at 20 mph, A- and C-weighted levels are also indicated in the figures.

Figure 3-% shows the relationship between A-weighted sound level and locomotive speed for the FRA data
base described above. Also indicated is the corresponding linear regression curve, standard error of estimate, ¢,
and correlgtion coefficient, r, for these data, A correlation coefficient of +1.00 would indicate that all the data
points lie on a straight line; a correlation coefficient of zero would indicate that there is no relation between the
sound level and the speed.




Table 3-7

Range, Mean Value, and Standard Deviation

of A-Weighted Sound Levels

For Moving Locomotive Consists

A-Weighted Sound Level

Number of Units | Number of At 100 Feet (dB re 20uPa)
In Consist Samples

Min. | Max. [ Mean | ¢

! 153 70 9% | 88.1 | 4.8

2 97 70 96 | 87.4 6.0

3 82 70 9 | 88.6 | 5.7

b 30 69 97 85.9 | 7.6

5 9 74 94 B4.8 | 7.4

6 8 83 96 87.8 | 5.7

ANY 379 69 97 | 87.8 | 5.7
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One-~Third Octave Band Sound Pressure Level, dB re 20uPa
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3.1.6.2 Moving Railroed Cars

On the basis of the results of 180 low-speed (< 45 mph) passby noise tests,” A-weighted sound levels of low-
speed railrood cars measured at a distance of 100 feet range from 64 dB to 92 dB with a mean value of 80.4 dB.
Based on the results of 115 high-speed (> 45 mph) passby noise tests,> A-weighted sound levels of high-speed
railroad cars measured at this distance range from 76 dB to 94 dB with a mean value of 86.7 dB. Figure 3-10
shows the distributions of these two sets of sound levels. One-third octave bend spectra measured from a train
operating ot 24 and 58 mph are shown in Figure 3-11,

Figure 3-12 shows the relationship between A-weighted sound leve! and railroad car speed for the FRA
data base described above. Alse indicated are the corresponding linear regression curve, standard error of
estimate, o, ond correlation coefficient, r, for these data.

3.1.7 [Noise Abaternent Techniques

3.1,7.1 Corrective Actions

The FRA Noise Emission Compliance Regulations (49 CFR Part 210) states the procedure that may be
carried out if a rail car or a locomotive is found to exceed the noise emission standards as follows:

§ 210.25 (c} {l) An inspector is authorized io inspect or examine a locomotive, rail car or consist of
a locomotive and rail cars operated by a railroad, or to request the railroad to inspect or examine the
locomative, rail car or consist of a locomotive and rail cars, whenever he has reasen to believe that it
does nat conform 1o the requirements of the Standards.

(2) The request referred to in this paragreph must be in writing, must state the grounds upon
which the inspector has reason to believe that the locomotive, rail car or consist of a
locormotive and rail cars does mot conform to the Standards, and must be presented to an
appropriate operating afficial of the railrood.

(3) The inspection or examination referred to in this paragraph may be conducted only at
recognized inspection points or scheduled stopping points.

{(4) An inspector may request a railroad to conduct an inspection or examination of a rail cor or
consist of railcars on the basis of an excessive noise emission level measured by a passby test.
If, after such inspection or examination, no mechanical condition that would result in a noise
defect con be found, and the inspector verifies that me such mechanical condition exists, the
rail car or consist of rail cars may be continued in service,

(5} An inspector may request a railroed to conduct on inspection or examination of a locomotive
on the basis of on excessive noise emission level measured by a passive test. [f, ofter such
inspection or examination, no mechanical condition that would result in a noise defect can be
found, and the inspector verifies that ne such mechanicagl condition exists, the locometive may
be continued in service.

3.1.7.2 Moving Locomotives

Noise emission from locomotives can be reduced by clesing all doors, hatches, and ponels and making sure
that the seals on these devices are in place and in good condition. Loose parts on the locomotive body should be
tightened or repaired and proper [ubrication and maintenance schedules should be adhered to. Should the nolse
from g locomative be substantially louder than that indicated in the data base above, the locomotive should be
checked to determine if it is operating within specifications.

Engine exhoust is the dominant source of locomotive noise at high throttle positions. Using oversized
specially designed mufflers to control the exhaust noise, reductions in overall A-weighted locomotive noise of 3
to 6 dB have been demonstrated at notch 8. At lower throttle settings much less reduction was obtagined.
Because of the large size of the mufflers required, this technigue of noise quieting is not practical in retrofit
applications. New locomotives manufactured after |980 are equipped with noise abatement features that allow
them to meet current regulations.

Cooling fans gre also a major source of moving lecomotive noise.  This noise con be controiied two
different ways, both of which require a redesign of the cooling system and are therefore most feasible during the
original design ond construction of the locomotive. The first method consists of reducing the fan speed; the
second requires the removal of afl obstructions at the fan inlet. The first approach takes odvantoge of the
dependence of fan noise on the sixth power of fan speed. The second approach reduces turbulence entering the
fan, and hence the resulting noise due to the fluctuating pressures on the fan blades as they encounter the
turbulent eddies.
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3.1.7.3 Moving Railroad Cars

The major technique for controlling noise from railroad cars is the use of good operational procedures to
secure all loose items, such as doors, hatches, and loqds, ond good maintenance practices to remove flat spots
from wheels and corrugations from the rail, thus reducing the impoct component of wheel/rail interaction. In
addition, by eliminating tight radius curves where proctical, and using lubrication on those curves that cannot be
eliminated, the occurrence of wheel squecl can be reduced. More sophisticated techniques for reducing wheel
squeal include wheel damping and the use of steerable trucks, The use of such techniques is not generally cost
effective or practical., Further reduction of impoct noises can be achieved by the use of continuous welded rail.
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3.2 Interior Noise Exposure Within Moving Locomotives ad Cabooses

The noise exposure within moving locomotive cabs is reguloted by the United States Code of Federal
Regulations - 49 CFR Part 229. The noise exposure within moving cabooses is not federally reguiated. However,
the noise environment within a caboose con be studied applying the same techniques used to monitor the interior
noise levels of moving locomotives. High noise levels in cabooses may create communications probléms, thus
preventing the railroad staff from carrying out their tosks efficiently. (For example, see Sgctim 2.1.9.2.)
Also, since very high levels in many types of cabooses are not normal, the presence of such levels may suggest
the possibility of o mechanical problem which requires ctiention. .

tn Section 3.2.1, the regulation for in-cab locomotive noise exposure is described. Sections 3.2.2
through 3.2.5 discuss the acoustic metric, the microphene location, the instrumentation, ond the measurement
procedures for in<ccob locomotive noise measurements. Deota bases deseribing current noise and exposure levels
in moving locomotive cobs and in moving cabooses are described in Section 3.2.6, while noise abatement
techniques are discussed In Section 3.2.7.

3.2.1 Regulation

On Morch 31, 1980, the Federal Railroad Administration published Railrood Locomotive Safety Standords
which include standards for the locomotive in-cab noise environment. The noise limits set forth in the standard
are summorized in Table 3-8. :

Table 3-8

Noise Exposure Standard For
Moving Locomotive In-Cab Envirenment

, Maximum Altowed Maximum Eight-Hour Maximum instantaneous
Date Effective Noise Dose Time-Weighted Average Level A-Weighted Sound Level
August 31, 1980 1.00 %0 dB 115 &8

The final regulation in 49 CFR Part 229 is s follows:

§ 229.121 Lacomotive cab noise.

(a) After August 31, 1980, the permissible exposure to a continuous noise in a focomotive cab
shall not exceed an eight-hour time-weighted averoge of 90 dB{A), with @ doubling rate of 5 dB(A) as
indicated in the table. Continuous moise is any sound with a rise time of more than 35 milliseconds to
peak intensity ond e duration of more than 500 milliseconds to the time when the level is 20 dB below

the peak.
Duration Permitted Sound Level

(Hours): (dB(A)):
12 87
8 90
6 92
4 95
2 100
1% 102
| 105
% 110

% or less S

(b} When the continuous noise exposure is composed of two or more periods of noise expasure of
different levels, their combined effect shal!l be considered. Exposure to different levels for various
periods of time shall be computed occording to the following formule:

D - Tlll_l + T2/L2 + aen Tn“‘n
where D = noise dose.

T = the duration of exposure {in hours) at a given continuous noise level,
L the limit {in hours) for the level present during the time T (from the table).

If the volue of D exceeds |, the expasure exceeds permissible levels.

{c) Exposure to continuous noise shall not exceed 115 dB(A).
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3.2.2 Choice of Metric

The metrics used in this regulation are summarized in Table 3-9.

Table 3-9

Acoustic Metric For Moving Locomotive
In-Cab Noise Measurements

A-WEIGHTED SOUND LEVEL
*SLOW" METER RESPONSE

NOISE DOSE OR EIGHT-HOUR
TIME-WEIGHTED AVERAGE LEVEL

3.2.3 [ Microphone Location

The regulation states;

(e) In conducting sound leve! megsurements with a sound level meter, the microphone shall be
oriented vertically and positioned approximately 15 centimeters from ond on axis with the crew
member's ear. Measurements with on oudiodosimeter shall be conducted in occordance with
manufocturer's procedures as to microphone placement and arientation.

The instrumentation required to make moving locomotive in-cab noise measurements is shown in
Table 3-10.

Table 3-10

Instrumentation For Moving Locomotive
In-Cab Noise Meagsurements

SOUND LEVEL METER
MICROPHONE AND WINDSCREEN
AUDIODOSIMETER
TRIPOD
SOUND LEVEL CALIBRATOR
ACCESSORIES

The instrumentation requirements stated in the regulation are os follows:

(d) Noise measurements shall be made under typicc! operating conditions using a sound leve!
meter conforming, at a minimum, to the requirements of ANS! S1.4-197],! Type 2, and set to an A-
weighted slow response or with an gudiodosimeter of equivalent occuracy and precision.

3.2.5 Measurement Procedure
L

The procedure to be followed when conducting moving locomotive in—cab noise measurements is derived
from the FRA noise standard regulation and common measurement practice,

The procedure s made up of four phases. They include:

Program Planning
Instrumentation Checkout
Instrumentation Setup
Data Collection

* 08
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A description of these phases as applied to moving locomotive in-cob noise measurements is presented in the rest
of this section. Where appropriate, sample worksheets are included. These may be copied directly or may be
used as ¢ basis for designing @ more personalized format.

3.2.5.1 Program Plarning

The first stage of the measurement program is program planning. 1t is during this phase that decisions are
made concerning such factors as the number of locomotives to be tested, specifically which locomotives will be
tested, the locations of the test locomotives, and the date and time period ot which the measurements will be
made. Permission 1o be allowed occess 1o the test locomotives at the time desired should be obtcined from the
responsible railrood official. The number of people to carry out the measurements should be determined and

specific individucls assigned to the measurement team.

1t is also at this point that the instrumentation system is specified ond ocquired. The system used for
locomotive in-cab moise mecsurements will normaily consists of o Type | or 2 sound level meter with o
calibrator, windscreen, tripod, and on oudiodosimeter. Other useful equipment include a tape measure, a

thermometer, and o camera.

A progrem planning worksheet is shown in Figure 3-13. This is useful in assuring that all of the planning
details are carried out.

3.2.5.2 Instrumentation Checkout

Before proceeding o the field for measurements, the instrumentation system should be ossembled and
thoroughly checked out ond the manufocturer's instructions referred to for calibration and operational
procedures. The batteries must be tested and all interconnecting cables and mounting hardware should be
connected to assure that the correct plugs fit into the proper instruments, and that the overall system works os
required. The occessories such as extro batteries, note pads, adhesive tape, ond the like, should be assembled.

An inventory of the necessary equipment should be prepared and brought into the field. This assures that
no equipment will be forgotten, A sample of on inventory worksheet is shown in Figure 3-14. This inventory is
meant to be quite general; thus, depending on the situation, it may not be necessary to take all the equipment
listed.

3.2.5.3 Instrumentation Setup

When arriving at the site where the locomotive is to be met, the railroad official in charge should be
notified of the presence of the measurement team. Once in the locomotive cab, the instrumentation should be
set up occording to the manufacturer's instructions. The inventory worksheet should be referred to at this time.

The microphone should be oriented vertically ond positioned opproximately 5 7/8 inches {15 centimeters)
from ond on axis with the crew member's ear, as shown in Figure 3-15, The sound fevel meter and/or
audiodosimeter should be calibrated according to the manufocturer's instructions. This should be done prior to
the beginning of meosurements, and noted in the field dota log. After the megsurements have been completed,
the calibration of each instrument should be checked; the calibrator levels at this time should be recorded in the

data log.

A sketch of the microphone position should be drawn, indicating the position of the engineer andfor
brakeman and the microphonels) relative to the locomotive cab. The location of windows, the locomotive horn,
the cir brake exhaust, and other major noise sources should be indicated on the sketch. If possible, o photograph
of the interior of the cab, showing the operators' positions and the rmicrophone location, should be taken.

A data log should be completed for the measurement program. A typical data log sheet is shown in
Figure 3-16 and should contain the following information:
Description of trip.
Date of measurements,
Name of person performing the measurements.
Types, models, serial numbers, or other identification characteristics for all instrumentation.
Description of locormotive under test.
Description of major noise sources.
Results of calibration tests.

Background levels.

Measured doses and levels,

A note pod should be taken into the field ond used to write extensive notes detailing anything going on
which may have a bearing on the measurements or the interpretation of the data. The occurrence of atypical
events are examples of the type of information which should be recorded,



Date:

PROGRAM PLANNING WORKSHEET
Moving Locomotive In-Cab Noise

Prepared By:

i

Completed

1]

Test Plan

Determine the number of units to be tested.

Determine when the measurements will be made.

Determine where the measurements will be made.

Identify the train number and locomotive number of the units to be tested.

Obtain permission to carry out measurements.

Instrumentation Checkout

Specify the instrumentation gys?em required for the measurements,
Acquire the components of the instrumentation system.

Check out and calibrate the instrumentation system.

Complete the instrumentation system inventory worksheet,

Pack the instrumentation system for shipment to the test location.

Measurement Site Setup

Check in with responsible railroad official.

Unpack instrumentation system, checking against the inventory worksheet,
Set up the instrumentation system and check components for damage.
Calibrate the system and report results on the field data log.

Complete the annotation on the field data log.

Noise Measurements

Conduct noise measurements.

Record results on the field data log.

Check calibration of the system and record results on the field data log.
Repack system for return shipment, referring to inventory checksheet.

Program Completion

Unpack instrumentation system, check for damage.
Process data.
Document measurement program,

Figure 3-13. Sample Program Planning Worksheet.
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INSTRUMENTATION SYSTEM INVENTORY WORKSHEET
Moving Locomotive In-Cab Noise

Date: Prepared By:
INSTRUMENT Make | Model | >eril CDET:sf _f Check | Return
alibration

Sound Level Meter (SLM)
Microphone
Sound Level Calibrator
Audiodosimeter Monitor
Audiodosimeter Indicator

REQUIRED (*) AND RECOMMENDED ACCESSORIES | Checkout Return

*  Microphone Windscreen

*  SLM Calibration Adjustment Tool (Screwdriver)

*  Tripod
*  Tape Measure
Watch

Extra Batteries

Duct Tape

" Connecting Cables

Flashtight

Camera and Film

Earphones

Tools (screwdriver, pliers, etc.)

Figure 3-14. Somple Instrumentation System Inventory Worksheet.
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Dates

FIELD DATA LOG
Moving Locomotive In-Cab Noise

Trip Description:

Prepared By:

EGUIPMENT:

Instrument

Maonufocturer

Model

Serial No.

Date of Last
Calibration

Siund Level Meter

NMicrophone

Pt e ¢ e <

Calibrolnr

Sud, odocireter Moniter

Audioassinater Incicatar

e e

CALIBRATION:

Sousn! Level Maters Calitrater Leveis dB; Calibrator Frequency: Hz

e —— RO MY e ey A W S R P

Calibrator Levelr __ dbs Caiibrator Frequency: Hz

Adicknimeters

§
, o i
' )
. [T
St Leved

.: o —
i

o v v

i SKETCH OF MICROPHONE POSITION:
§

Figure 3-16. Sample Field Data Log.
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FIELD DATA LOG (Continued)

Moving Locomotive In-Cab Noise

LOCOMOTIVE PARAMETERS AND LEVELS:
Railroad

Train Number

Locomotive Number

{_ocomotive Model

~

Sound Level Measurements
A-Weighted .
. Throttle Microphone
Time Setting Speed Sounddléevel, Position(| Comments
:
N l
Dose Measurements
Time Duration | Dose TWA(Z) Microphone Comment
Siart | Stop | (T, hours) (D) (¢B) Position(! s

(I} E = Engineer, B = Brakeman

Y TWA = 90 + 16.61 IoglO(B D/T)
where T = measurement duration in hours

D = fractional dose
TWA = time-weighted average sound level.

KEMARKS:

Figure 3-16 (Conctuded).
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3.2.5.4  Data Coltection

Sound levels should be measured ot various throftle settings, when the horn is sounded, ond when pressure
in the broking system is releqsed. Dose measurements should only be mode at the operator's position for the
entire time period in which the operator is present in the locomotive cab.

The purpase of this data base is 1o provide a summary of measured locomotive cob noise levels and ncis‘e
exposure values. Caution should ba used in the application of these data, since the number of measurements in
the dato base is quite limited.

3.2.6.1  Moving Locomatives

In o recent study conducted by the Nationo! Bureou of Sfc\ndcurds,5 A-weighted sound levels were measured
in various locomotive cabs during a series of typical revenue-producing, over-the-rood frips. Tests were
conducied in the cabs of |16 locomotives operating on various routes in the confintentol United States, Two of
the |ocomotives mode separate irips with two different crews, so that a totol of 1B test trips were studied.
Acoustic measurements were made at four locations in the locomotive cab — approximately six inches from each
eor of the engineer and brokemon,

Figure 3-17 shows the averocges over these {8 trips of the A-weighted sound levels of the engine at various
throtile setiings, the hern, and the preumatic broke axhaust at the engineer left-side microphone. The error
bars indicole one standard deviation for the distribution of levels for each source. For 78 percent of the trips,
the iocomotive windows were open, thus this data generally represents open-window conditions. The source level
of 1he e~gine und brake exhaust within the cab is insensitive to whether or not the windows are open, decreasing
by appreximstely | dB or less when the windows are closed. The sourd leval of the homn decreases on the
averoge by obout 5 dB when the windows are closed.

Aliougt e levels in the figure ae those for only one of the four microphone positions, the study showed
that the sound leve! within the cab was relatively inzensitive to position, veorying by at most 2 dB between
pusitions. Since this variation is smoall compared to the frip-to-trip variation as charocterized by the error bars
iin the figure, the sound levels ot these positions can be considered approximately the some.

The average froctiona! noise doses (cveroged over the four microphone positions) for the 18 trips ranged
from 3.02 *0 8.97, with all but one being at or below 0.50. The mean value of these average doses was 0,25 with
o standere deviation of 0.22. The chonge in dose from one microphone position to another for a given trip was
guite small, being characterized by a typicol standard deviation of 0.04, Since the number of trips in this sample
is smoll, the sarzie statistics may not be representative of the present population of all locomotive frips.

Figures 3-18 and 3-19 present histograms of averoge froctional noise doses and eight-hour time-weighted
averode leveis, respectively, for o different somple of 21 locometive trips recently tabuloted by FRA3Z Again,
tog tovamieter it on auerage over a series of diffarent microphone positions, For this sample, the mean value of
e avarcge dose is 0.6] with a stondard deviation of 0.BO.

3.2.6.2  Moving Cobooses
Litt'e dato exist on sound levels within cobooses. A few such measurements have recently been gathered

by FRAS These are presented In Table 3-11 as scund level ranges as a function of caboose speed range. Note
that this table represents ¢ very small amount of datg, so that caution should be applied in its use.

f
3.2.7 L Iwise Abatement Techniquesj

3270 Meoving Locomotives

The loidest sounds thot are heard within moving locomotive cabs are those from the horn and the air brake
exboust. These, however, are brief events which, unless they occur o very large number of times, may not
rord-ibute very significantly to the dose, The sounds thot occur most often are those from the engine and its
components,

Hoir roise reduction within the cab con be ochieved by proper design and location of the horn, The horn
should be tocated as far from the engineer's and brokeman's positions as possible, consistent with its being heard
in front of the locometive.® The body of the horn should be isolated from the cab structure and ocoustic
insuiction should be provided in the ceiling of the cab. The number of horn soundings and the duration of each
soudicg stoold be kapt to @ minimum, consistent with good safety proctices. The cab windows should be left
clrsed cs much as possible.

* 4% CFR Fart 229 ¢lse requires that:

Afte. August 30, 1980, each leod iocomotive shall be provided with an oudible warning device that
preduc st @ minimum sound level of 36 dB(A) a1 100 feet forward of the locomotive in its direction of travel.
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Air brake exhoust noise can be reduced by venting the braking system outside of the cab. Systems that
ocoamplish this are generally available from the manufacturers of air broke systems. :

Engine noise con be minimized by proper maintenance procedures which include: repiacing worn seals and
gask=1s; being sure that docrs, hatches, and loose equipment are secured; and adding absorbing material to the
interior of the cab to prevent reverberont buildup of the sound field.

3.2.7.2 Moving Ccbaoses

MNoise in cabooses is primarily due to wheel/rail interaction and to vibration of loose items. Mcking sure
that doors, hatches, and lcose items are properly secured may reduce much of the noise. Further noise reduction
can be accomplished by isolating the car body from the trucks, applying structural damping to the car body, and
supplying acoustic absorption within the car.

Table 3-11

Interior A-Weighted Sound Levels As g Function of
Caor Speed For Four Cabooses

Speed Sample Number

Range

{mph) | ry 3 4
0-19 63-78 65-75 70-84 40-81

2044 77-5% 19-87 8386 713-94
245 84-93 —_ | B4-93 87-93

NOTE: This table contains sound leveis measured for only four
cabooses. Becouse of the small number of vehicies involved,
caoution should be opplied in the use of these data.
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CHAPTER &
RAILROAD YARD OPERATIONS

Railroad yard operations include the classificotion of railroed cars, the performance of routine main-
tenance and simple repair of locomotives ond railrood cors, ond, in some cases, the carrying out of locomotive
load tests to check the performonce of locomotives, Lorge yards also provide more comprehensive maintenance
and repair facilities, and, in some cases, dormitory facilities for locomotive crew members. In addition, many
yards serve as terminal areas for trailer-on-flotcar and container-on-flatcar (TOFC / COF C) operations.

To support these opergtions, o yard may contgin @ veoriety of noise sources incloding: stationary idling
locomotives, moving locomatives, load test cells, maintenance ond repair focitities, ond TOFC / COFC looding
and unloading focilities. Although railroad car speeds within o yard are sufficiently low that wheel/rail nolise is
negligible, car-to-car end multiple car impacts in the classification area do generate loud impulsive sounds,
Fina'ly, in hump yards, the interaction of whee!, rail, and retarder brake shoes can produce loud squeal-type

noise events,

This chapter discusses those of the gbove noise sources whose noise emissions are currently controlled by
federal regulotions. These incluge: :
Locomotives - both idling and maving,

Locomotive load cell test stands,
Car—coupling impacts, and

Retarders,
The foliowing 1tems are described separately for each of those sources:

The existing federal regulction controlling moise emission from the source,

L]

o The ocoustic metric used to quontify this noise emission,

¢ The measurement site selection,

¢ The instrumentation and measurement procedure needed to determine the noise emission,
s The existing dota bose describing noise emission levels from the source, and

¢ Neise abatement *echniques that may be opplied to control noise emission from the source,

Where apprepriate, typical checkiists, deta sneets, ard anaiysis worksheets are provided along with exomples of
their use.

This cuapter is arranged in two sections: Section 4.1 discusses stationary and moving locomaotives ond
locormotive ioad cell test stands, and Section 4.2 discusses car—coupling impocts and retarders.

8.1  Exteric; Noise Emission From Locomutives

The most pervasive noise source. fourd within railrosd yards, but mot necesserily the loudest, are
ttotionary, idling locomctives and moving locomatives. A stationatry locomotive may be found almost anywhere
within a yard, depending on where it wes tast used and where it is onticipated it will next be needed. Groups of
stationary locomotives are most often found necr fueling and maintenance oreas ond near repair focilities, A

_moving locomotive may be found in transit ot ony peint within o yard; however, moving locomotives are
generally found for long periods of time at the ends of the classification areas in flot yards and in the hump area
in hump vards. In contrast to line-hau! operations, where moving locomotives spend most of their time at the
highest ihrottle settings, moving loccmoiives within railrood yards spend most of their time ot lower throttle

settings,

Another locomotive-related noise source found in many railroad yards are locomotive load cell test stands.
Diasel-electric locomotives use a diese!l engine to drive an electric generator which, in turn, provides power to
electric motors which turn the wheels of the locemotive. in order to perform stationary tests to determine if
the diese| engine is operating properly, it is necessary fo provide an elecirical lood to the generator which
simulctes the ioad supplied by the electric metors when the locomotive is in mation, This electricol ood is
generally suppiied by switching the generolor ccross ¢ large bank of resistors. The electricity produced by the
generator s then dissipated in the resistors cs hea?, which is convected away from the resistor bank by cooling

fors.

Sume types of locomotives, called self-looding, contain onboard resistor banks ond cooling fans. These can
b= lood tested anywhere in the yard, aithough vsue! proctice is to test them either in the maintenance or service
wea. To test lacomotives which are not self-laading, lacomotiva lood cell test stands are used. Such test stands
consist of G resisic: bank, cocling fons, and comnecting cables. These ore usuglly housed in some sort of
protective shed. Locomiotive load cell test stonds are usually located in the maintenance or repair areas of a
yore.
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The primary source of noise at locomotive lood celi test stands is the locomotive under test; although, at
low thrsttle settirgs, the noise from the test cell cooling fans can also contribute a detectable amount of energy
t3 the total ocoustic field. :

The ncise emissions into the community from stationary, Idling locomotives, from maving locomotives, and
1rom ixcsmotive lood cell test stonds are regulated by the United States Code of Federal Regulations ~
40 CFF Part 2C1.  In Sections 4.1.1 ond 4.1.2, respectively, the regulations and acoustic metrics for each of
these noise scurces are described. In Sections &4,1.3 through 4.1.5, the common measurement site requirements,
i~strumentction, and measurement procedures for these sources are described. The dato bases of current noise
tevels from locomotives and locomotive load cell test stands are given in Section 4.1.&, while noise abatement
techniques for these source are discussed in Section 4.1.7,

woild i Regulations

4.b.1.1  Stationary Locomaotives

On January 4, 1980, the U.S. Environmental Protection Agency published updated reguigtions specifying
nuise emissicn standards for stotionary locomotives in rail yord operation, The noise limits set forth in the
standard are summarized in Table 4-1.

Table 4-1
Noise Ernission Standard For Stationary Locomotives
Maximum Permitted
L . Date of Manufacture Type of Throttle . - aa(2)
Cnive Erfective h . A-Weighted Tolerance, dB
of Locomotive Locomotive | Setting I3 Level, dB(” ’
i I
On or Before Any idle 13 2
December 31, 1979
Qther 93 2
e, 1, 1976 :
After Dec. 31, 1979 Any idle 70 2
Other a7 2
e, 1S, 1986 | Any switcher™ | 1dle 704 ()
Only ®
l Other 87 (5}

(Y AT megs red ot g distance of 10C feet using slow response.
2 7' A Noise Emission Compliance Regulations, 42 CFR Part 210.
.3 Lulicher sacomotives are thase locomatives listed in Table 4-2.

(4! T.e5e locomotives gre deemed to be in complionce with this regulation if the L90 from stationary
it tives does not exceed 65 dB when measured with fast meter response at any nearby receiving property.
(At the tirme of the preparation of this handbook, 40 CFR Part 20! specifies slow meter response. This will
sz .aditiad to fast response by a Technical Amendment soon to be promulgdted by the U.5. Environmental
Prutection Agency.)

{3\) Allawed tolercnce had not been sﬁecified by FRA at the time of publication of this handbook.

Tr2 raguiction in 80 CFR Part 201 s as follows:
§ 231,11 Standard for locomotive operation under stationary condition.

{a) Commencing December 3I, 1976, no carrier subject to this regulation shall operate any
wecretive to which this regulation s applicoble, ond of which manufacture is completed on or bafore
Devbar 31, 1979, whien produces A-weighted sound levels in excess of 93dB at any throttle
2:14ing cxaept idle, when nperated singly or when connectaed to q lood cell, or in excess of 73 dB at
idit wha:, cperated singly, ard when measured in accardance with the criteria specified in Subpart C
G¢ mis card with slow rneter response at g point 30 meters (100 feet) from the geometric center of
“ae lecomotive along a line that Is both perpendicular to the centerline of the track and originates at
thr Incomotive geometric center.

b) Mo carrier subject to this regulation shall operate any locomotive to which this regulation is
gupticable, and of which manufocture is completed after December 3!, 1979, which produces
A -rgignted sound jevels in excess of 87 dB at any throttle serting except idle, when operated singly
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Table 4-2
Switcher Locomotives Defined in 40 CFR Part 201

Type Engine Type Engine
General Electric Co. Baldwin
44 ton 8-D17000(2) V0-660 6-VO
70 ton 6-CBFWL-6T DS-446 6-606NA
95 ton 6-CBFWL-6T DS4475 €-750
5-8 6-606
Electromotive Division (GMC) VO-1000 8-VO
DS-4410 8-608NA
SC 8-201A DS-4410 6-6065C
NC 12-201A 5-12 6-606A
NC 12-201A DRS-4410* 6-60865C
NC2 12-201A DRS-12% 6-606A
NW 12-2C1A
N | 12-201A Fairbanks Morse
Nw A 12-201A
NW2 12-567 H-10-44 6-0P
NWw2 12-567A H-12-44 6-OP
N3 : 12-567 H-12-44T5 6-0P
INW [2-201A H-12-4€% 6-0OP
NWs 12-5678 ‘
S 8-201 Aj6-567 Lima
SwW 6-SETRIAC
Sw2 6-5¢7 750 hp 6-Hamilton
SW3 6-5¢67 800 hp 6~Hamilton
| Svs0C 6-567C ) {000 hp 8-Hamilton
i SWT 12-567A 1200 hp 8-Hamilton
Swa ' 8-567B/8C LRS* 8-Hamilton
SWe00 8-5678 TL* 8-Hamilton(2)
Swe 12-5678/8C/C
SWIZ00 12-557C ALCO and MLW
SW 1000 §-&45%
Swi00! 8-642C St 6-539NA
| SIS0 1Z-645% S2 6-539T
CoMPLh 12-645C S3 6-539NA
Eoprgiad 12-643E S4 6-539T
Tandls j2-5¢7C 58 é-251
SSilES 12-5¢7C 56 6-251A,B
' 57 6-539
i Transfer Switcher Including S1G 6-539
! "Cow and Colf” S 6-539
512 6-539T7
7 12-2CG1 AL2) Si3 6-251C
T [2-5672) RSD-1| 6-539
TR 16-567{2) RSC-13 6-539
TR? 12-567A(2) RSC-24 12-244
TR3 12-567(3) RSI £-5397
THY 2-567A(2) RS2+ 12-244
TRS 12-5678(2) RS3* 12-244
PoTRE 8-5678(2) RS10* 12-244
L RSC-2% 12-244
RS3* 12-244
—— e RSD-4* 12-244
*»  These models may be found assigned RSD-5+ 12-244
in road service as well as switcher service, Té 6-2518
byt are considared switcher locomotives C-4]5* 8-251F
for +he purpose cf this regulation. M-420TR 12-251




or when connectad 1o a lood cell, or in excess of 70 d8 at idle when operated singly, and when
imecsured 1 gocordance with the criteria specified in Subpart C of this part with slow l_'ncter response
ot @ paint 30 meters (100 feet) from the geometric center of the locomotive along a line that is both
perpesdicular to the centerline of the track ond originates ot the locomotive geometric center.

{c} Commencing Jonuary {5, 1984, no carrier subject to this regulation may operate ony switcher
~wcamstive to which this regulation is applicable, and of which monufacturs is completed on or before
Tascecider 31, 1979, which produces A-weighted sound levels in excess of 87 dB at any throttle
.e*tng exzept idle, when cperated singly or when connected to a load ceil, or in excess of 70 dB ot
idie, and when measured in accordance with the criteria specified in Subpart C of this part with slow
mater response at @ point 30 meters (100 feet) from the geometric center of the locomative afong a
tine that is both perpendicular to the centerline of the trock and criginates at the locomotive
geometric center. All switcher locomotives that operate in @ particuler raiiroed facility ore deemed
‘o be in compliance with this stondard if the A-weighted sound level from stotionary switcher i
iccemotives, singly or in combination with other stationary locomotives, does not exceed 65 dB when :
meusred with slow* meter response at ony receiving property megsurement location near that
particular railyard focility and when measured in accordance with Subpart C of this reguliction. i

*  This will be rmodified to fost by a TJechnical Amendment soon to be promuigated by the i
JS, Enviroﬂmentq] Protection Agency.

.11 2 Moving Locomotives

S derary &, 1580, the Environmenrtal Protection Agency published updated regulations specifying noise
wro e tondards roe moving locomotives in rail yard operation. The noise limits set forth in the standard are
semenerized in Table 4-3:

Table §4-3

MNoise Emission Stondard For
Moving Locomotives in Rail fard Service

Maximu™ Permitted
dB(Z)

Date of Marufocture Type of A-Weighted (1) Tolerzrce,

ot Effective . K .
of Locomotive Locomotive Sound Level, d8

Lac, 3, 137€ Cr or Before Any 98 2
Dec, 31, 1979

PRI ...-“u-m..}

I After Dee. 31, 1979 Any . 90 2

fok ey Ly Switchertd yo® (s)
Or:ly

PR

{i} mhan maosured at a distance of 100 feet with fast response ot any t'me under any condition of grade, load,
2leration, or deceleration.

12 Per FRA roite Errission Comnliance Ragulations, 49 CFR Pare 210.

+ mer locomalives are those locnmotives listed 'n Table 4-2,

rose o wastives ara deemed to be in compliarce with tis regulation if the L90 from stationary
o siiver doas rot exured $5 dB when mecsured with fast meter resnonse at any nearby receiving property.

LA L e toerarce hed it been specified by FRA at the time of publication of this handbook.

The cqubetion in 40 C7R Part 201 is as follows:
$H102 Siedard for locomotive operation under moving condition, ]

v Comemenzing Decermber 31, 1976, no carrier subject to this reguiation may operate ony
“otive or combination of locomotives to which this regufation is appiicable, and of which
setare Is completed on or before December 31, 1973, which produces A-weighted sound levels
af 92 d3 wheii moving £t any time or under any conditinn of grade, ioad, occeleration, or
‘wistion. hen maustred In acsordance with the ariteric specified in Subpart C of this regulation
. w3t meier rasponce at 30 meters (100 feet) from the centerline ¢f any section of trock having
wen then d Two (2) aegrae curve (or a redius of curvarure grecter thon 873 maters (2,865 feet) ).
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(b) No corrier suhjeci to this regulation may operate any locomotive or combination of
locomotives to which this regulation is applicable, and of which manufacture is completed after
December 31, 1979, which produce A-weighted sound levels in excess of 90 d8 when moving ot any
time or under ony condition of grode, lood, occeleration, or deceleration, when megsured in
occordance with the criteric specified in Subpart C of this part with fast meter response at 30 meters
{100 feet) from the centerline of any section of trock hoving less than a two (2) degree curve {or o
rodius of surveture grecter than 873 meters (2,865 feet) ).

e} Commencing January 15, [9B4, no carrier subject to this regulation may operate any swiicher
locomotive or o combinotion of switcher locomotives o which this regulction is applicable, and of
which manutacture is completed on or before December 31, 1979, which produce A-weighted sound
levels in excess of 30 dB when moving gt ony time or under any condition of grade, load, acceleration,
or deceleragtion, and when measured in occordance with the criteria in Subpart C of this part with
fast meter response ot 30 meters (100 feet) from the centerline of any section of track having less
than a two (2) degree curve lor a radius of curvature greater than B73 meters (2,865 feet) ). All
swifcher locomotives that operate in g particuler railroad facility are deemed to be in complionce
with this standard if the A-weighied sound level frem stationary switcher locomoties, singly or in
cormbingtion with other stationary locomotives, does net exceed 85 dB when measured with fost
meter response ot any receiving property mecsurement location neor thot particutar railyard focility
and when measured in occordance with Subpart C of this regulotion.

4,113 Locomotivae Load Cell Test S1onds

On Januory &, 1580, the U.S. Environmentc! Protection Agency published regulations specifying noise
emission stondards for focomotive icad cell tesi stonds. The noise limits set forth in the standard are
surnmaricac in Toble 4-4,

Table 4-4
Moise Emission Standera For Locomotive Load Cell Test Stands

Maximum Permitted
l(l)

Effect]
Dote Effective A-Weighted Sound Leve

1
!
L
1
!

Jan 15, 1984 78 8D

.

1) Whern mecreead ot a distance of 107 feet with slow responsc. An allowed toleronce for this measurement hod
not b ipecified ot the time of ponticat on of this hondbook,

{2) 14 the clewr-7nne requirement (see Figir~ 421 ir Table 4.8} connot be met at a specific load cel! test stond

i lrais deemed 16 be in compliawe if the Lgg from the load cell does not exceed 65 dB when

i fast respense at ary reorby non-roilrood receiving property measurement location which is ot

=1 frem the geomeiric center of the locemative being tested,

s

trot e

The regoiation in 40 CFK Part 201 Is us followe:
§ ™1.1¢ Starwiard Fer Locomotive [.ood Cell Test Stonds.

{3) Eifective January i35, 1984, no carrier subjact fo this regulation shall eperate locomotive lood
ce!l test stands that exceasd on A-weighted sound leve! of 78 dB when measured with slow meter
response {n accordonce with Subpart C of *his pert excluding 8 201.23 (b} and (c), at o peint 30 meters
(100 teet} from the geometric center of the locomotive undergoing test, along a line that is both
perperdicslar to the centerling of the trock ond originates ot the locomotive geometric center, ond in
the direction mosi neaty towards the ciosest receiving property measurement location.  All
locome*ive lood oril test stands in ¢ particular railrood fazility are in compliance with this standard
if b A-weighted scund level from the bad celis does not exceed €5 dB ot a receiving property
messuiame ot iocation neor tha! particular rcilyard focility and when meosured with fost meter
respanse in occordance with Subpart C of this regulction,

{5} ) the conditions of any part of € 201.23(0) cannot be met at @ specific load cell test stand site,
then the A-welghted scund level from that specific load cell test stond must not exceed 65 dB when
mecsied with fast meter response ot o receiving property measurement location more than
120 meters (400 fee?) from the geometric center of the locomotive being tested and in occordence

with Sutart C of this regulation.



4.1.2 Acoustic Metrics

4,1.2.1 Stationary Locomotives and Locomotive Load Ceil Test Stands

The metric used in these regulations for noise emission from stationary locomotives and from locomotive
load cell test stands is summarized in Table 4-5.

Toble 4-5

Acoustic Metric For Stationary Locomotives
And Locomotive Lood Cell Test Stands

A-WEIGHTED SOUND LEVEL
"SLOW" METER RESPONSE

As stated 'n § 201,21 of the regulations:

The quantities to be measured under the test onditions described below, are the A-weighted sound
iavels For “slow" meter response as defined in the American National Standard S1.4- 19711«

4.1.2.2 Moving Locomotives

The metric used in these reguliations for noise emission from moving locomotives is summarized in
Tacle 4-4.

Table 4-6

Acoustic Metric For Moving Locomotives

A-WEIGHTED SOUND LEVEL
"FAST" METER RESPONSE

As stated in § 201,21 of the regulations:

The quantities to be measured under the test conditions described below, are the A-weighted sound
tevals for "fast" meter response as defined in the American National Standard 51.4-1971.1

3427 Rscgiving Proparty

The metric used at receiving property measurement locations which octs as a ™rigger™ tc determine if
coise tovels of individua! switcher locomotives or locomative load cell test stands within a facility need be
negsured is s )mmarized in Table 4-7,

Table 47
Acoustic Metric For Receivirg Property Measurement Locations

Lso
'FAST" METER RESPONSE

As stated in § 201.27 of the regulations:

(t) Deta: {1) When there is evidence that ot least one of these two types (locomotive load cell
test stend and/or switcher locomotive) of nearly steady state sound sources is affecting the noise
environment, the following measurements must be made. The purpose of these measurements is to
determine the A-weighted L30 statistical sound level, which is to be used as described in
subparcgraph (c) below to determine the applicability of the source stondards. Before this
determindation can be made, the measured L90 is io be "validated” by compering the measured LIO
and L99 statistical sound levels. [f the difference between these levels is sufficiently small {5 dB or
iess), the source(s) being measured is considered to be a nearly steady state source.

*  Jyerscripts refer to references at end of chapter.
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(2) Data shall be collected by measuring the instantanecus A-weighted sound level (FAST) ot @
rate of at least ence each [0 seconds for 0 mecsurement period of ot least 15 minutes and until 100
measurements are obtoined, The data may be taken manually by direct reading of the indicator at
[0-second intervals {+1 second), or by ottaching a stotisticel anolyzer, graphic level recorder, or
other equivalent device to the sound level meter for o more continuous recording of the instantaneous
scund levei.

{(3) The data shall be onalyzed to determine the levels exceeding 39%, 90%, and 10% of the time,
e, L99, L90, ond L10, respectivety. The value of L90 is considered a valid measure of the
A-weighted sound levei for the standards in 8 201,16 only if the difference between L10 and L99 has
o volue of 4 dB or less. if ¢ megsured vatue of L90 is not volid for this purpose, measurements may
be taken over a longer period to attempt to improve the certainty of the measurement ond to
validate L90, |f 190 is volid and is less than the leve!l in applicoble standards for these source types,
the sources are in compliance. !f the measured value of L0 is valid and exceeds the initial £5 dB
requirement for any of the source types that oppear to be affecting the noise environments, the
evaluation according to the following subparograph (¢) is required.

4.1.3 Measurement Site Selection ] il

Three different mecsurement site criterio are opplicable to locomotive ond to load cell test stand noise
mensurements, The first, which applies to all locomotive meagsurements and to load cell test stond
meqsereime '8, define: o site of ¢ distawe of 100 feet from the locomotive. The second, which aopplies only to
switcher locemotives ond 1o certcin lood cell test stond measurements, defines a site on nearby non-railrood
receiv:ng property. This mecsureme=n! site is used 1o determine if it is necessary to measure switcher
lczemotives at the 1D0-foot position. It is also used for lood cell test stand measurements if the required clear-
zone (Figure 4-1 of Table 4-B) is not present, The third, which is meont to simulate the acoustic field on non-
raiirood receiving property, allows measurements to be made by the rcilrood on its own property.

Table 4-3 defines the measurement site eriteria for the 100-foot measuremen? position. Table 4-9 defines
the site rriterin for the receivire pronerty “tripcer” meosurements that are used to determine if switcher
locomotive measurements must be carried sut,

To deteriine whether it is probabiy complying with the locomotive and/or lood cell test stand regulations,
erd tneraf-re whether it should institile noie obatement, a railrood may simulote receiving property
measurements by taring medsurements or 118 own property ot locations that:

{I. Are betv.sen the scurce and rece virg property,

(2; Derive no greater banefit fiom shieldirc and other noise reduction features than does the receiving
progerty, ond

0 Otk wise meet the reguirements of Tablie 429,

Weoe, iwise fruom loco notive load cell test stonds is being mecsured, the 100-foot measurement position
a7 e han ciong ¢ dine thzt s both perperdizular to the centerfine of the track and originates at the
focs 320 e grer Ctric center, ond in the direction most nearly towards the closest receiving property, i the
meazgrement o te clear-20nc eriteria in Vctie 4-8 connct be met gt this jocation, then o measurement must be
mude 31 ¢ orece. o property mecssemen! location more then 400 feet from the geometric centar of the

oLt stive 20, tested,

The “100-font" measurement site selection conditions as stated in §201.23 of the regulations are as
foliows:

(2} The standard test site shail be such that the locomotive or train radiates sound into o free
field rver the ground plare. This conditisn may be considered fulfitled if the test site consists of an
oper spoce free of large, souna-reflecting objects, such as barriers, hills, signboards, parked vehicles,
oo noives or rail 2ars on adincet trachs, oridges of buildings within the boundaries described by
Figure 1, as well ¢¢ conforms *0 the ather requirerments of this g 201.23.

{B) v’ithin the ccmipiete test site, the top of at ieast ane rail upon which the locomotive or train
is iocared hell be visible (line of site] from o position 1.2 meters (4 feet) above the ground at the
microphone locction, except as provided in naragraph (c) of this section.

fz; Cround cover such as vegetotion, fencepests, small trees, telephone poles, etfc., shall be
lirnitea wimin the arec in the test site betweer the vehicle under test and the measuring microphone
sl thet B0 percent of the fop of at least une roil along the entire test section of trock be visible
from 2 pesition 1.2 meters {4 fect) above the ground of the micrephone location; except that no single
chstrucior shall accovni for more than § pe:cent of the toto! allowable obstruction,



Table 4-8

Measurement Site Requirements for Moving and Stationary Locomotives,*
Railroad Cars, and Locomotive Load Cell Test Stand Noise Measurements

TEST SITE

Open space with no large reflecting objects
within 100 feet of the source or the measurement
nosition (see Figure 4-1),

100 Feet

SITE ELEVATION

The top of at least one rail must be visible
from 4 feet cbove the ground at the microphone
location.

GROUND_ COVER

At least 80 percent of the rail must be
visible from the microphone position with no
ground cover (trees, grass, fences, etc.) obstruct-
ing the view,

MICROPHONE POSITION

The microphone must- be 4 feet obove the
grovnd. The ground elevation at the microphone
Iacaticn must be between |0 feet below and
£ feet above the =2ievation of the top of the rail at
position A in Figure 4-1.

, Figure 4-1. Test Site Clearance Re-
. TRACK CONDITIONS quirement For Locomotive and Loco-
Mo sing Locomotives and Railroad Cars Only) motive Load Cell Test Stand Noise

{_ass thon Z-degree curve or a radius greater Medasurements.
thar 2,865 feet.

WEATHER CONDITIONS

Measurements sheuld be taken only under these conditions:

e No precipitction {rain, snow, sleet, hail, ete.).
e Wind speed below {2 mph.
» Wind gusts below 20 mph.

BACKGROUND MOISE LEVEL

The maximum A-weighted fast response sound level measured at the test site
ir:medictely before and after the source test must be at least tO dB lower than that of
r3¢ source being measured.

* Faloxed requirements for carrying out measurements on stationary locomotive
under locd are discussed in the text.
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Table 4-9

Receiving Property* Site Requirements For
Switcher Locomotive ond Locomotive Load Cell Test Stand Noise Measurements

TEST SITE

Located on receiving property with no vertical plane surfoces exceeding 4 feet in height within
33.2 feet of the microphone position. The following structures are exermpt from the above
requirement:

e Residential or commercial unit wall located at least 6.6 feet from the microphone position;
o Focility boundary moise barrier,
If the residential structure is o farm horne, the microphone must be located between 6.6 feet ond
3%.3 feet away from the wail.
MICROPHONE POSITION
The microphone must be positioned at a height between 4 feet to 5 feet oPove the ground.

WEATHER CONDITIONS
Messurements should be taken only under ihiese conditions:

e Mo precipitation (rcin, snow, sieet, hail, ete).
o Wind speed below 12 mph,
e Wind gusts below 20 mph.

* . the context of the regulction, "receiving property™ refers to non-roilroad property. (See definition
of receiving property in Appendix A.}

{d) The ground eievotion at the microphone locction sholl be within plus [.5 meters (5 feet) or
minus 3.0 meters {10 feet; of the elevatior of the top of the rail at the locotion in-line with the
microphone. .

{e) Within the test site, the track sholl exhibit less than o two (2) degree curve or a rodius of
curveoture greater than 873 meters (2,865 feet). This porograph shali not opply during a stationary
test, Tha trock shell be tie and ballast, free of special trock work and bridges or tresties.

{f) Meosurements sha!l not be made during precipitation.

{70 e maximum A-wveighles faost resporse sound level observed at the test site immediately
pefcre and atter the test sna'l be 20 leost |G dS(% ) bolow the level meosured during the test, For the
‘ncumotive pass-by tests this requirement applies before and ofter the train containing the rolling
Sfeaw oy be tesied hos possec.  This bockground sound level measurement shall include the
corir Lution fron the operation of the load ceil, if any, including load cell contribution during test,

(k) mMoise measurements may only be mode if the measured wind vetocity is 19.3 km/hr (12 mph)
or less. Gust wind measurements of up to 33.2 km/hr (20 mph) are cliowed.

Whe~ carrying out "[00-foot" mecsurements on o stationary locomotive under lood, it is often difficult to
meet the clear-zone requirements in Figure 4-1, This difficulty occurs when it is necessary to conduct the noise
measy. emenis ot o locpomotive jogd cel! test stand, because the locomotive to be tested connot be self-loaded.
In general, such test stands cre located in yard arecs mear reflecting objects, such os buildings, lood cell
structures, and other locomotives,

if « stts conforming to the clear-zone requirements is not available, it may still be possible to obtain
sciupfabiy accurcte measurements of locomotive noise at existing lood ceil test sites, Based on the results of a
recen? shdyZ the clear-2one requirements can be relaxed, as described below, and one should still be able to
o t1in meosul ements of locomotive noise within | dBA to -0.5 dBA of mecsurements at a conforming site.

Lood Cail Requirements
® The iocomotive should be located betwsen the tes! microphone and load cell with no part of the lood
rell visible from the test microphone.

¢ The outlet for cooling oir fram the load cell should be as low os possible. High chimneys should be
avoided.
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Site Geometry
e The locomotive should be fully visible from the test microphone, especially the exhaust outlet and
radiator cooling fan inlets and outlets.

e A single, large reflecting surfoce {greater than § feet by & feet) directly behind the microphone,
.g., such that the microphone is between the locomotive and the reflecting surfoce, can be as close as
50 feet gway from the microphone. This restriction can be relaxed if it can be shown that because of
the limited size and orientction of the reflecting surface no paths exist for sound to propagate from the
locomative to the microphone by reflecting off the surfoce.

o A single, large reflecting surfoce {(greater than 6 feet by 6 feet) to the side of and approximately
paralle! to a line joining the center of the locomotive and microphane should be 100 feet from that line
as the stondard requires. This restriction can be reloxed if it can be shown that no paths exist for sound
to propagate from the locomotive to the microphone by reflecting off the surface.

& A single, large reflecting surface behind the locomotive, e.g., such that the locomotive is between the
microphone and the surface, does not present as severe a problem because of the substantial barrier
that the locomotive presents to reflected sound. If sound reflecting off that surfoce must pass through
the locomotive in order to reoch the microphone, the surface may be as close as |0 feet from the side
of the locomotive.

Wearther Conditions
o Requirements on weather conditions specified in the standard should be adhered to. [n addition, it is
desircple to locate the microphone downwind from the locomotive and to test on days with steady wind
rather than on days in which the wind speed fluctuates between calm and the 20 mph wind gust limits
allowed in the standard. )

The receiving property measurement site selection conditions as stated in § 201.25 of the regulations cre as
iollows:

{a) megsurements must be conducted only at recelving property measurement locations.

{b) Measurement locations on receiving property must be selected such that no substanticily
vertical plane surfoce, other than a residential or commercial unit wall or focility boundary noise
barrier, *hat exceads 1.2 meters (4 feet) in height is located within [0 maters (33.3 feet) of the
icrophone and that no exterior wall of a residential or commercicl structure is located within
2.0 meters (6.6 feet) of the microphone. f the residentia! structure is a farm home, medasurements
roust be made 2.0 to 10.0 meters (6.6 to 33.3 feet) from any exterior wall.

{c) No measurement may be made when the average wind velocity during the period of
meusurement  exceeds [9.3 km/fhr (12 mph) or when the maximum wind gust velocity exceeds
32.2 km/Mr {20 mph),

{d) Mo measurement may be taken when precigitation, e.q., rain, snow, steet, or hail, is occurring.

PN Irstrumentation

s.4.4,0  “1C0-Foot" Measurament Position

The instrumentation required to make noise measurements at the |00-foot position is shown in Tahle 4-10.

Table 410
Instrumentation For "i00-Foot" Measurements

SOUND LEVEL METER
MICROPHONE AND WHNDSCREEN
TRIPOD
SQUND LEVEL CALIBRATOR
WIND SPEED METER
ACCESSORIES
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The instrumentation requirements stated in § 201.22 of the regulation are as follows:

ta} A sound level meter or alternate sound leve! mecsurement system that meets, as a minimum,
all the requirements of American Mational Stondard S1.4-15711 for a Type I {or S51A) instrument
must be used with the "fast" meter response choracteristic as specified in Subpart B. To insure
Type | response, the manufacturer's instructions regarding mounting or orienting of the mlcrophor\e,
and positioning of the observer must be observed. In the event that o Type | {or S1A) instrument is
not available for determining non—complionce with this regulotion, the measurements may be made

with a Type 2 (or S2A).

{b} A microphone windscreen and an ocoustic calibrator of the coupler type must be used os
recommended by: (l) the manufacturer of the sound level meter, or (2) the manufacturer of the
microphone. The choice of both devices must be based on ensuring tha! Type | or Type2
performance, as appropriaie, is maintoined for frequencies below 10,000 Hz.

In oddition, the FRA Complicnce Regulations (49 CFR Part 210, 8210.29) require that the following
calibration procedures must be utilized:

(1} (i) The scund level measurement system including the microphone must be calibrated and appro-
priately adjusted at one ar more nomincl frequencies in the range from 250 through [000 Hz at the
beginning of each series of meosurements, ot intervals not exceeding | {one) hour during continual
use, and m*medrofe y following o measurement indicating a onqhon

{ii) The sound leve! macsurernen! system must be checked out less thon once each year by its
monufacturer, o representative of its monufacturer, or o person of equivalent specicl competence to
verify that its accuracy meets the manufocturer's design criteria.

(2} An ocoustical colibrator of the microphone counler type designed for the sound level measurement
system in use shall be used to calibrcte the sound level meagsurement system in occordonce with
paragraph (Ig (i) of this subsection. The colibration must meet or exceed the accuracy requirements
specified in 8 5.4.1 of the American thiﬁ.c! Standard Institute Standards, "Method for Measurement of

Sound Pressure Levels" {ANSI Si.13-1971),! for fieid method measurements,

4,1.4.2 Receiving Property Measurement Position

The instrurnentation required to moke noise imeasurements on nedrby receiving property is shown in
Table 411,

Table 41|

Instrumentation For Receiving Preserty Measurements

SOUND LEVEL METER
OR
STATISTICAL ANALYZER
OR
GRAPHIC LEVEL RECORDER

MICROPHONE AND WINDSCREEN
TRIPOD
SOUND LEVEL CALIBRATOR
WIND SPEZED METER
ACCESSORIES

The instrumentation requirements stated in 8 201.27 of the regulations are os follows:

{2) Dota shail be collected by measuring the instontaneous A-weighted sound level (FAST) at o
rate of ot least once each 10 seconds for @ measurement period of at least 15 minutes and until 100
mezsirements ore obtained, The data moy be taken monually by direct reading of the indicator at
10-second intervals (+| second), or by attaching o statistical anafyzer, graphic level recorder, or
other Tq..uvclem device to the sound leve! meter for a more continuous recording of the instantaneous
round fevel



4.1.5 Measurement Procedure

The procedure to be followed when conducting locomotive or load cell test stand noise measurements fs
derived from the EPA noise standard reguiation, the FRA compliance regulation, and common medsurement
practice.

The procedure is made up of five phases, They include;

Pragram Planning
Instrumentation Checkout
Instrumentation Setup
Data Collection

¢ & o 8 »

Data Analysis

A description of these phases as applied to locomotive ond load cell test stand noise measurements is presented
in the rest of this section. Where appropriate, sample worksheets are included. These may be copied directly or
may be used as g basis for designing @ more personalized format.

4,1.5.1  Program Planning

The first stoge of the measurement grogram is program planning. It is during this phase that decisions are
rmade congerning such factors as whether or not receiving property measurernents are to be made, the number of
lace motives or load cell test stands to be tested, specifically which locomotives or which test stands will be
vested, the locations ond number of test sites, and the day ond time the measurements are to be made.
Permission to be ailowed access to the measurement locations at the time desired should be obtained from the
ressonsible ra’lroad official or, If on non-railroad property, from the property owner. The number of people to
carry out the measurements should be determined and specific individuals assigned to the measurement team.
Mos: field measurements involving moving or changing sources require at least two people ~ one to observe and
vacurd the sound level measurements, the other to determine and note other characteristics of the noise source
fe.g., type, identification, location, speed, ete.).

It is also gt this point that the instrumentation system is specified and ocquired. The system usaed for
jocometive noise measurements will normally consist of g Type | or 2 sound level meter with a calibrator,
virdscraen, ond fripod. Other useful equipment include a wind speed-measuring device, a 100-foat tape
measure, and thermomaeter,

A pregram gplanning worksheet is shown in Figure 422, This is useful in assuring that all of the planning
detcils gre carried out.

4.1.5.2 instrumentation Checkout

Sefore proceeding to the field ‘or measurements, the instrumentation system should be put together and
oarn by orecced out and the manufocturer's instructions referrad to for calibration and operational
v edures.  The batteries must be tested and all interconnecting cables and mounting hardware should be
Coree ted (0 assure that the correct plugs fit into the proper instruments, and that the overall system works as
rerpiiren, The occessor.es such as extra batteries, note pads, adhesive tape, and the like, should be assembled,

An inventory of the necessary equipment and a measurement s.te queolification worksheet should be
precared and brougnt into the field. This assures that once the measurement program has begun no details will
te forgetten. Scmples of inventory ond site qualification worksheets are shown in Figures 4-3 and 4-4, The
inventory sheet is meant 1o be quite genercl; thus depending on the situation, it may not be necessary to take all
the =quipment listed,

4.1,5.3 Instrumentation Setup

Beture proceeding to the measurement site, the person in charge of the property on which the
measrements are t¢ e taken should be informed of the presence of the measurement team. At the site, the
atrumentation systerm should be set up according to the manufocturer's instructions. The inventory worksheet
stouid e referred to ot this time. The measurement site qualification should be verified, using the mecsurement
site quciification worksheet,

The sound tevel meter should be mounted on a tripod with the microphone at c level of 1.2 meters (4 feet)
cuc . tne ground, A windscreen should alweys be attached to the microphone, The sound level meter may be
t7 e to cliow ecse of reading, and the microphone should be oriented occording to manufacturer's instructions.
Trs 15 critienl, since certain microphones {perpendicular incidence) are designed to be pointed directly ot the
mGlar noise feure e, other microphones {grazing incidence) are designed to be poirted at right angles to the line
Levseer the nhaarvar gnd the nolse souree, and still others {random incidence) cre designed to be oriented in ¢
“irection inte.med’cte to these two, ’
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PROGRAM PLANNING WORKSHEET
Locomotives and Locomotive Load Cell Test Stands

Date: Prepared By:
Check
When

Completed Test Pln

Decide if receiving property measurements are to be made.

Determine when and where the receiving property measurements will be made.
Determine the number of locomotives or test stands te be tested.

Determine when and where the measurements will be made.

Identify by locomotive number the units to be tested.

For each unit, determine what throttle settings will be used in the test.

Obtain permission to carry out measurements at desired location,

Instrumentation Checkout

Specify the instrumentation system required for the measurements,

n e e

Acquire the components of the instrumentation system.

Checit out and calibrate the irstrumentation system.

Complete the instrumentction system inveniory worksheet.

Pack the instrumentation system for shipment to the measurement site,

heck current weather conditions, rescheduie test if necessary.

Measurement Site Setup

Check in with person resporsible for measurement site property.

Complete measurement site qualification worksheet.

I P e —

Unpaek instrumentotion systern, checking ogoinst inventory worksheet.
Set up the instrementation tystem and check components for damage.
Calibrate thie system and report results on the field data log.
Complete the annotation on the fieid data log.

Noise Measuremenis

Conduct noise measurements,

Record results on the field daota loq.

Check calibration of the system and record results on the field data log.
Repack system for return shipment, referring to inventory checksheet.

i Program Completion

Unpack instrumentation systemy check for damage.

Document measurement progran..

Figure 4-2. Sample Progrem Planning Worksheet,
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INSTRUMENTATION SYSTEM INVENTORY WORKSHEET
Locomotives and Locomotive Load Ceil Test Stands

que: Prepared By:

Location:
. Date of

INSTRUMENT Make | Mocel | Serid! Last Check | Return
' Calibration

Sound Level Meter (SLM)

Microphone

Sound (_eve! Calibrator

Wind Speed Measuring

Deyice

REQUIRED (*) AND RECOMMENDED ACCESSORIES Checkout Return

*  Micrephone Windscreen
*  SLM Calibration Adjustment Tool (Screwdriver)
* Tripod

*  Tape iMeasure

Thermismeter

i., ~tygrometer
IVCT\.IW

Extra Batteries

Duct Tape

Coennecting Cables
Fiashlight
wWeather Radio
Comera and Film
Ground Cloth

Earphones

Tools (screwdriver, pliers, etc.)

Figure 4-3. Sample Instrumentation System Inventory Worksheet.,
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MEASUREMENT SITE QUALIFICATION WORKSHEET
Locomotives and Locomotive Load Cell Test Stands

Date: Prepared By:

Location:

|-<
m
wn

Receiving Property Measurement Site:

Is the measurement site on a receiving property?

Have the test area clear-zone requirements been met?

Has the microphone elevotion requirement been met?

Will the ambient weather conditions permit noise emission tests?
Wind Speed Below 12 mph?
Wird Gusts Below 20 mph?
No precipitation condition met?

Will the ambient sound leve! conditions permit noise emission tests?

Has a sketch been made of the measurement site?

EEEREEREN

Have photographs been taken of the measurement site?

Measurement Site 100 Feet From Locomotive:

Have the test area clear-zone requirements been met?

Have the site ground contour requirements been met?

imove the track conditions requirements been met?

Have the site ground cover requirements been met?

Has the microphone elevation requirement been met?

Will the ambient weather conditions permit noise emission tests?
Wind Speed Below 12 mph?
Wind Gusts Below 20 mph?
No precipitation condition met?

Will the amtient sound level conditions permit noise emission tests?

Has a sketch been made of the measurement site?

BERREREEREN
EERERREREEN

Have photographs been taken of the measurement site?

3

BENEEREEN

Figure 4-4. Sample Meusurement Site Qualification Worksheet.
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The operator should stand as far away from the meter as possible, consistent with his ability to make the
sound {evel readings easily. When possible, the microphone/preomplifier assembly should be mounted remote
fram the sound level meter so that there is [ess chance of the observer's affecting the measured data.

Care should be taken to make sure that there is nothing between the microphone position and the sound
source which may interfere with the sound propagation. Nearby reflecting objects, such as walls behind the
nicrophone, should be avoided. When making scurce measurements, reflecting surfoces behind and to the sides
of the source should be gvoided.

The sound level meter should be calibrated by odjusting the meter to read the level generated by the
calibrator, according to the manufocturer's instructions. This should be done prior to the beginning of
maasurements, and noted in the field data log.

A sketch should be drawn of the measurement areq, which includes cll audible noise sources and their
approximate location with respect to the measurement pasition. The location of all reffecting surfaces, barriers,
and other foctors that may affect the sound propagation should also be noted on the sketch. An exact scale map
is not necessary, but o good representation of the areq, with distonces to outstending londmarks indicated, is
desirable. |f a detgiled map of the area is availabie, the site arec should be located on it. If passible,
vhotographs of the area should be taken to show the noise source. A very effective way fo photograph the site is
to stand at the microphone position and toke a series of pictures which show the full 380° view from that spot.
1t is also helpful to document the microphone location by stepping behind the microphone ond taking o picture
which shows the microphone as well as the sound source being measured.

A drta log should be filled out at the beginning of each measurement. The nature of the data log will
depend on whether locomotive or receiving property megsurements are to be made,

A typical locomotive data log sheet is shown in Figure 4-5 ond should contain the foliowing information:

Description of measurement location,

Date of measurements,

Name of perscn performing the measurements.

Types, models, serial numbers, or other idertification charocteristics for oll instrumentation.

v e e »

Sarometric prassure, tempercture, wind velocity, and refative humidity. (This information can be
measured directly or, in many caoses, can be obteined from local weather rodio stations.)

Results of calibration tests.
*ecsured levels and background levels.
Description of equipment under test,

. & & @

Description of secondery noise scurces.

A dato icg sheet which provides the mzans to sampie manually the ncise levels at receiving property
rocSurerment sites using a sound level meter is shown in Figure 4-6. The use of such g log fo determine
= wesdoros porcentile sound levels, such as LIO' L%, ard L99. wil: be exploined in the next section,

A note 3ad should o'so be tokan into the field and used to write extensive notes detailing anything going on

witich may tave @ bearing on the measurements or the interpretation of the data. Such incidents as unusually
high railrood fraffic or other atypical events are exomples of the type of information which should be recorded.

L, 1.2.4  Deta Collection

Moving Locomotives: .

The nois: leve! ¢f a moving lecomotive should be measured as the locometive approaches and passes by the
wicraphone lecation. The maximum noise level cbserved during this period should be recorded on the data log.

The noise ievel of o moving locomotive consist should be measured as the whole consist approaches and
passes ihe microphone location. The maximum noise level cbserved during this period should be recorded on the
dacta log.

Locornotives or locomotive consists within a troin which ere separuted by at least ten rail car lengths or
O feet shouid be treated as separate units arnd noise levels for each should be measured and recorded on the data

iag.
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FIELD DATA LOG

| ocomotives and Locomotive Load Cell Test Stands

(PART A — Use For Each Continuous Measurement Period)

Date:

Location:

Prepared By:

EQUIPMENT:

Instrument

Manufacturer

Meode!

Date of |_ost

Serial No. Calibration

Sound Level Meter

Miciophone

Calibrator

WEATHER CONDITIONS:

Time Wind Speed

Direction

Temp. Rel.Hmdty. | Bar.Pres.

Pra-Tes!

e S

Sost-Test

CAlIBRATION:

Calibration Levei:

dB;

Calibrator Frequency:

Hz

Tirne

Sound _evel

BACKGRCUND LEVEL:

Time

Ty, Y

: A-weighted
Sound Level

e

Figure 4-5. Sample Locomotive Field Data Log.
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FIELD DATA LOG (Continued)
Locomotives and Locomotive Load Ce!l Test Stands
(PART B — Use One Sheet For Each Source)

SOURCE PARAMETERS AND LEVELS:
§ Single L.ocamotive Locomotive Load Cell Test Stand

Locomotive Consist (Number of Units: )

E Locomotive {.D. A-Weighted
Time 1M Yecflr ?f ghrtc;?ﬂe Speed | Sound Level, Comments
RR NO. T)‘pe anutacture etting dB

|

(i) R = Road Unit, S = Switcher

-
-

i

Load Cell Test Stand Descrip.ﬁon:

Otiser Noise Sources:

e THEERI S L .

.

| SKETCH OF SITE GEOMETRY:

Z—>

A AT BT ¢, T S Ly
Bt s e v

Figure 4-5 (Concluded).
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Date:

FIELD DATA LOG
Receiving Property Measurements

Location:

Prepared By:

EQUIPMENT:

[nstrument

Manufocturer

Mode!

Serial No.

Date of Lost
Calibration

Sound Level Meter

Microphone

Calibrator

WEATHER CONDITIONS:

Time

Wind Speed | Direction

Temperoture

Relative Humidity

Barometric Pressure

4 -
Pre-Tast

Poct-Test

CALIBRATION:

Colibrator Level:

d2  Calibrotor Frequency:

Hz

Tirne

R o
Sounc Level

MAJOR NOISE SOURCES:

P -

SKETCH OF SITE GEOMETRY:

L —>

Figure 4-6. Sample Receiving Property Field Data Log.
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Date: Prepared By:
Location:
Start Time Stop Time
y I [ '
]
7
&
5
4 ! Liy=
2 L ! 10—
T
i ! L r =
0 ‘ ! T L90 e
i v !
; 8 i b=
! 7] | 99—
.5 617 ! i I i
j | 5 ! l L - =
T A | i 10~ e T —|
l _c’_;';' al | ]
| 3 1 !
P { 1.10-L99$4dB‘?
;§5 0 ] |
I | i .
i ;J g | ] | L e
Ceg 1T ; 1 70 ’
cElo 1 ! '
! -' 5; i I [} DNO:
N ™ ¥ |
S H P L90 Not
i {3 : .] i Validated
: i !
! 1 !
{ ¢
I
ol IR
7l | !
o ! :
5 i
4
1 3
L2
vy
o | 1 . : - :
5 10 15 2 25
H Number of Occurrences

FIELD DATA LOG (Continued)
Receiving Property Measurements

Figure 4-€ (Toncluded).
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Stotionary Loacomotives:

The foliowirg procedures are recommended for performing meosurements of stationory locomotives:

e Paosition the locomotive so that its longitudino! midpoint lies ot "A" in Figure 4-1.
@ Set the throttle ot the desired setting and turn on ait cooling fans.

¢ Observe the A-weighted sound leve! [slow response) for 30 seconds after the throttle setting hos been
estabiished. Record the maximum observed sound levels on the datc sheet,

Locomotive Lood Cell Test Stands:

The following procedures are recommended for performing measurements of locomotive lood cell test
stends:
e Position the lecomotive so thet its fongitudinal midpoirt lies at "A" in Figure 4- 1.
s Connect the locomotive te the load cell. )
s Set the throttie af the desired setting (notch "€" will generally produce the foudest noise} and turn on ll
cooting fons.

¢ DOpserve the A-weighted sound level {slow response) for 30 seconds after the throttie setting has been
established, Record the meximum observed sound leve! on the data sheet,

Receling Property Noise Measurements:

The procedures described below are designed for the mecsurement of Lgg ot receiving property locations
us.%g & sound leve’ meter. This level will be used as a “rigger” tu determine if individual switcher locomative or
locumotive .ood cell tes! stand nmoise levels must be measured, It must afso be used if the “100-foot"
m_sremant site criterio cannot be met for the test stond.

A, For measurement locations where idi'ig switcher locomotives or lood cell test stands affect the moise
erwironment, observers should take |00 ruccessive measurements of the A-weighted sound leve! using
the "fast" meter response of -[0-second intervals. Record eoch of these data samples in histogram
formaot cs shown in Figure 4.7, Figure 4-6 shows a typical worksheet thot con be used for this purpose.

B. Wiing the histogrom developed in Ficure 4-7, determine the values of Lyq, Lgg, and Lag. Lyg is the
sound level exceeded 10 percent of the time ond is approximated by the level corresponding to the [0th
somple from the top of the nistogran.. Lgg is the sound level exceeded 30 percent of the time ond is
appreainated by the level correstonding to the 90th sample from the top of the histogram {(or more
euiiy by the [lth somple from the bottom of the histogram). Lgg is the sound level exceeded
92 procent of the time ond is approximeted by the level corresponding to the next to last sample in the
histogrom. Figure 4-8 repects the extinpie of Figure 4-7, showing the above-indicated samples ard
tha't ~orre<ponding sound levels,

C. W ian - Lgg is 4 dB or less, the volue of Lg is validated and the mecsurements may be terminated.
Note the values of L!O’ L9D' and L”, and go &r to Step E.

Q

At Ly, = Lgg is greater than 4 dB, toke on extra |00 measurements as before combining them with the
previous dota. Since there are now 200 tofa! somples in the histogrom, Lig is the leve! corresponding to
the 201 sample from the tor, Log is the leve! corresponding to the 21st sample from the bottom, and
Lgg is the level corresponding to the 3rd sample from the bottom. If Lig = Lgg is now 4 dB or less,
no'e *he new values of Ly, Leg. ond Loy, ond go on to Step E. If L = Lgg is still greater than 4 d3,
more meosurements may be taker until the value of Lgg is validoted. If tﬁe vaive of Leg cannot be
velidatesd, s1ate so on the date sheet, ond discontinue mecsurements at that lacation.

Note tha rurnber and locotion of idiing switcher locomotives for soch series of measurements. Also try
to ident fy 1he major source of naise if this is possible. If not, indicate so.

m

£1.5.5  Dctg Anglysis

The rieasurements of A-weighted sound levels from locomotives or load ceil 1est stands require no further
They either conform to the regulatory limits (within the 2 dB toleronce oliowed by the FRA
e utetion) er they do not.

complance r
The meascrement of a valid Loy (e, one for which L1g - Lgg € 4 dB) in excess of €5 9B ot o receiving

progerty oratisn requires fyriher analysis 1o determine the applicability of the standard. In such o case, the
foliawing steps, o stoted in 8 201,27 of the regulation, must be carried out:
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{1} The principa! direction of the nearly steady-state sound at the measurement location must be
determined, if possible, by listening to the sound and localizing its apparent source(s). If the observer
is clearly convinced by this localization pracess that the sound emanates only from one or both of
these two sources (locomotive food cell test stands and/ar stationary switcher locomotives), then:

{i) If only stationary locomotive(s), including at least one switcher lecomotive, are present,
the value of Lgg is the value of the A-weighted sound leve! to be used in determining if the 65d8B
-ecuirement is exceeded and compliance with the standards for moving and stationary switcher
jocomotives is necessary.

(i) If only o locomotive load cell test stand and the locomotive being tested are present and
operating, the value of Lgn is the value of the A-weighted sound level to be used in determining
cop icability of the locomotive load cell test stand standard.

(i) If a locomotive load cell test stand(s) and the locometive being tested are present and
opercting with stationary locomotivel(s), including at least one switcher locomotive, the value Log
minus 3 dB is the value of the A-weighted sound level to be used in determining applicability of the
moving and stationary locomotive standards and the load cell test stand standard.

{iv} 'f a locomotive lood cel! test stand(s) ond the locomative being tested are present and
operating, and a stationary locomotive(s) is present, and if the nearly steady-state sound level! is
observed to change by |10 dB, coincident with evidence of a change in operation of the locomotive
loud cell test stond but without apparent change in the location of stationary locomotives, onother
measurement of Lgg must be made. If this additionai measure of Lgg is validated and differs from
the initial measure of Lgg by an absciute value of 10 dB or more, then the higher value of Lgg is the
value of the A-weignted sound level fo be used in determining opplicability of the locomotive load

cei! rest stand standard.

A flow chart describing the individuai steps to be carried out in measuring, validating, ond assessing the
L oq tor € jiven meascrement location is shown in Figure 4-9,

ir: oddition to the items in {I) above, § 201,27 of the regulation allows for an assessment of the noise from
tcerces nther than (acomotives or joad cell test stands in the foilowing two steps:

(2) 1f it con be demonstrated that the validated Log is less than 5 dB greater than any Lgg
maasured at the saome receiving property location when the source types that were operating during
the initial measurement(s) are either turned off or moved, swch that they can no longer be detected,
tha initigl valuels) of Lop must not be used for determining applicability to the standards. This
demransirotion must be mode ot a time of day comparable to that of the initial measurements and
whe~ af| wther conditions are acoustically simiiar,

{3V in orr'er to ocsomplish the comparison Zemonstration of (2) above, documentation of noise
wwrce information shall be necessary.  This wiil include, but not be limited to, the approximate
acntiae of il sources of sach source type present ard the microphore position on a diegram of the
rarhiziiar saliroad focility, and the distances between the microphone locotion and eoch of the
sources mest be aestimzted ond reported.  Additionally, if other rail or non-rail noise sources are
detected, thay must be identified and similarly reported,

{
5.1.8 ! Dats Raose
L___,.__J

Th= purpose of this section is to provide e surnmary of represeniative locomotive and toad cell test stand
saund levels to which field measurements can be compared. Although levels and spectra of other equipment will
r:ot be precisely the same as those shown here, they should rot ke too dissimilar,

S.6.8. 0 Stetionary Locomotives

dn 1ne basis of the resvlis of 84 stationary locomotive noise tests reported in the general h’\‘erufure,z—B
A~weirghted sound levels from siationary, idiing locomotives at a distance of 100 feet range from 55 dB to0 73 8B
=ith a wean valse of 66,1 dB. Tigure 4-10 shows the distribution of sound levels. One-third octave band spectra
=f on idling read engine and an idling switcher locomotive are shown in Figures 4-11 and 4= 12, respectively,
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4.1.6.2 Moving Locomotives

On the basis of the results of 59 moving locomotive noise tests, made within roilroad yards ond reported in
the general literature, " maximum A-weighted sound levels from moving locomotives at o distance of 100 feet
range from §7 dB to 94 dB with @ mean value of 79.5 dB. Figure 4-13 shows the distribution of sound levels.
One-third octave band spectra of a switcher pulling @ cut of cars at low speed ond a switcher accelerating with a
sut of cars are shown in Figures 4-14 and 4-15, respectively.

The time history of the A-weighted scund level during a typical cycle for a flat yard switching operation is
shown in Figure 4-16,

4,10.6.3 Locomotive Load Ce!l Test Stonds

Noise emitted from locomotive load cell test stands is primarily from the locomotive under test. This
Aoise is most dependent on the throttle setting of the locomotive. Figure 4-17 shows the relation between
A-weightfed sound level at 100 feet and the locomotive throttle setting for two pepulations of locomotive
uvndergoing lood tests. The solid circles and the solid line smoothed through them are averages for 16
tocomotives representing ali available engines; the open circles ond the dashed line smoothed through them are
avarages for a subset of 7 locomotives representing engines having maximum power less thon 2500 hp.
Figure 4-18 shows the one-third octave band spectra of a 2500 hp locomotive at three different throttle settings.

4.4.7 [ Moise Abatement TechniquesJ

MNoise emission from locomotives caon be reduced by closing ail doors, hatches, and ponels and making sure
that the seals on these devices are in place ond in good condition. Loose ports on the locomotive should be
tighrened or repaired and proper lubrication and maintenance schedules should be odhered to. Should the noise
fromn 2 locomotive be substantially louder thon that indicated in the data bases above, the locomotive should be
shecked tc determine if it is operating within specifications.

At idle and low throttle settings, such as those typically found in railroad yards, engine exhaust is the
rvijor neise source of diesel-electric locomotives. By installing specialized exhaust mufflers, overall locomotive
oise gt these throttle settings has been reduced from zero to 1.5 dB. For practical purposes, however, such g
small noise reduction connot be considered a cost-effective control option.

One of the methods of locomotive noise control is to shut down idling locomotives when they are not
needed for use in the near future, This procedure is in foct already used in many yards as an energy-conservation
megsure. |t is, however, not feasible in all coses, At low temperatures {below 50°F), the low viscosity of the
‘vbricating oil usad in iocomotives creates engine-restarting problems. In eddition, any time a locomotive is shut
down and rester ted there is some risk involved, As the engine cools down, the various components may controct
at diffarent rates allowing cooling water to leak into the cylinders. Serious damoge may occur upon restart of
the snqgine if proper caution is not exercised to drain any water from the cylinders,

A giternative mathod of locomotive noise control is to locate idiing locomotives as far as possible from
ihe ~Gise-sensitive areas of the community. This methed is generally mest practical when a yard is still in the
design stuge. in an existing yard, lack of space or labor agreements may make relocation difficult.

Barriers may also be built at the yard boundory to shield noise-sensitive portions of neighboring
communities. Becdaute the engine exhaust is generally 15 to 16 feet cbove the ground, such barriers must
ge~erally be quite high {20 to 30 feet) in order to ochieve o useful gmount of noise reduction, Such barriers con
be qu.te costly. In oddition, barriers are sometimes objected to by residents living near them because of their
visugl intrusion and inter ference with free air flow,

Local barriers may be built within the yard at ploces where idling locomatives are normglly parked, such as
~maintenonce ond repair facilities. Such barriers would reduce the noise propagated into the community by
¢concentrated groups of idling locomotives. Barriers or enclosures may also be built around locometive load cell
test stond areas to reduce the noise propagated into the community from this source. Such an enclosure must be
carefuliy designed to provide sufficient acoustic shielding while at the same time providing enough ventilation
that the locomotive within it con be operated at alf loads. As a result, an enclosure of this type can be quite
costly,
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4.2 Coa-Coupling Impocts and Retarders

A major source of roise associated with railrood yards is that emitted from the impoct of two or more
raitrood cars. In such on impoct, on impuisive force is tronsmitted to the car frames ond fo the cor bodies
cousing them o vibrate ond emit sound. There are two types of noite event associgted with car-coupling
impocts: single ocoustic Impulses occurring from the impact of two rofirood cars and multiple ocoustic impulses
occurring when one car collides with ¢ cut of stationary cars causing the impaoct te be transmitted in a chain-
recction 1o all cars in the cut. The duration of a single car—coupling impulse is on the order of one second or
less; g sequence of chain-reaction impulses con last for several seconds. The levels of the impulses following the
initial impoct in a chain-recction are genera]ly less than the level of a single car-coupling impulse because
energy is obsorbed in rol!lng friction and in the coupler cushions as the impocts propogate through the cut of
cars. Chain-recction impacts con also occur when slock is removed between cars in the start and stop opercnon

of a frain,

A major source of noise present in hump yards is railroad car retarders. These devices occasionally emit
high-frequency squeals due 1o o stick-slip process between the car wheel, the roil, ond the retarder broke shoes.
Retarders operate by having a movable broke shoe press eoch whee!l ogainst o stationary shoe, The resulting
frictional forces serve 1o slow down the rolling car.

In an octive retarder, the pressure opplied to the wheels by the broke shoes is generally supplied by
pneurnatic or hydroulic cylinders which cre controtled either manuclly by on operator or ‘automoatically by a
computer, In an inert retarder, the broke shoes are spring octivated by the weight of the railroed car as it passes
over the retarder. '

The retarders in a hump yard are given difierent names depending where in the yard they are located. The
master retarder, which is an octive retarder locoted o short distonce past the crest of the hump, serves as the
primary speed control for cars entering the classification area. All cars pass through the master retarder after
which they are sent through switches to various groups of tracks.

Before entering a specific frack in a group, the cor posses through another octive retarder called a growp
returder where o second speed adjustment con be mode. Generally @ moster retorder will serve up to six or
seven group retarders; thus, on the average, only one-sixth .or one-seventh of the cars that pass through the
master retarder will pass through a given group retarder.

After passing through the group retarder, the cor will be directed by a series of switches to a specific track
wt.ich, in most yards, it will enter uninhibited. In sorne yards, however, a third set of octive retorders exists ~
one on eoch individuo! trock. These retarders, which ore called fongent point retarders, aliow a third opportunity
to adjus? the car speed.

In most yards an inert retorder is locoted ot the end of each clossification trock to prevent the first cor
intc the rruck (rom rolling out of the clesiification area. These retarders generclly emit noise only when o string
of cors is puiled through them for removal from the ciassificetion frock. Some inert retarders are releasable, in
which case they can be locked open so that they do not emit noise when cars are pulled through them.

Figure 4 1% shows a typical layout of the classification area of a hump yard and indicotes the locotion of
seme of the vorious types of retarders.

The noise emissions into the community from both car-coupling impocts ond retarders are regulated by the
United Stores Code of Federgl Regulations ~ 40 CER Paort 201,

4.2.1 Feguictions l

4.2.1.1 Cear-Coupling Impocts

On Jonuary 14, 1980, the Environmental Protection Agency published regulations specifying the noise
emiss:on standard for car-coupling operations of roilrood yords. The ncise limit set forth in the standard is
surnmaized in Toble 4-12.

The reguiction as published in 40 CFR Part 201 is os follows:

§ 201.15 Standard for cor ooupling operations.

Effective Jonuary IS, 1984, no carrier subject to this regulstion sholi conduct car coupling
operations that excees on odjusted average maximum A-weighted sound level of 92dB of the
receiving property mecsurement location, when measured with fast meter response in occordance
witn Subpart C of this pari, except, such coupling will be found in complionce with this standard and
the carrier wiil be considered in complionce, if the railrood demonstrates that the standard is
exceeded at the receiving property measurernent locations (where the standard was previously
excesded) when cors representotive of those found to exceed the standard are coupled at similar
iocutjons at coupling speeds of eight miles per hour or less.
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Table 4-12

Noise Emission Stondard For
Rail Cor-Coupling Operations

. Maximum Permitted Adjusted Type 2
Dote Effective Averoge A-Weighted Sound Level(') Correction
Jon. 15, 1984 92 a5(® 285

(1) When measured on the receiving property using fast response. Allowed tolerance for
this measurement had not been specified by FRA ot the time of publication of this

handbook.

(2} In instances when the measured noise level is above 92 dB, the cor-coupling
operations are deemed to be in compliance with this regulaticn if the car-coupling
speed is B miles per hour or iess.

(3) Subtract from measured levels when ANSI Type 2 (S2A) sound level meter is used in
lieu of ANSI Type | (S1A)

4.2.1.2 Railroad Car Retarders

On Januory |4, 1980, the Environmento! Prctection Agency published regulations specifying the noise
emission standard for retarder operations aof raflroad yards. The noise limit set forth in the standord is

summarized in Table 4-13;

Table 413
Noise Emission Regulation For Retarder(!) Operations
\ Maximum: Permitted Adjusted Type 2
Date Effective Averoge A-Weighted Sound Lmi(z) Correction
Jon, 15, 1984 83 dB s g

{1) Only active refarders are coverad by this regulotion; inert retarders are excluded.

(2) When measured on non-raitroad receiving property using fast response. Allowed
tolerance for this meastrement had not been specified by FRA ot the time of
publication of this hardbook,

(3} Subtroct from measured levels when ANSI Type 2 (S2A) sound level meter is used in
liew of ANS! Type 1 {S1A}.

The regulation as published in 40 CFR Part 201 is as follows:

§201.14 Standard for retarders.

Effective Jonuary 15, 1984, no carrier subject to this reguiation shall operate retorders that
exceed an odjusted average maximum A-weighted sound level of 83dB ot a receiving property
mecsurement location, when measured with fast meter response in accordance with Subpart C of this

pert.
Retarders are defined in B 201.1 of the regulation as:

(y) "Retarder (Active)” means o device or system for decelerating rolling rail cars and controlling the
degree of deceleration on a cor-by-cor basis.
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4.2.2 Acoustic Metric

The metric used in these requiations for noise emission from car-coupling impacts ond retarders is
summocrized In Table §-14.

~ Table 4=i4
Acoustic Metric For Car-Coupling [mpocts and Retarders

ADJUSTED AVERAGE MAXIMUM A-WEIGHTED SOUND LEVEL
"FAST" METER RESPONSE

The “adjusted average” level, Lodj ave maxs IS defined as the energy average of at least 30 consecutive
maximum noise event source levels, L , with a correction foctor, C, applied 10 account for the rate at

which the events occur: ave max
Lodj ave max - Lave mox * ¢
The coirection factor is determined from Table 4-15,
Table 4-15
Adjustment to L To Obtain L4
For c«-cﬁ?ng mpacts and Remjr e:srncx
I N/Te» Adjustment Factor, C (d8B) N/T» Adjustment Foactor, C (dB)
241! to 0.161 -9 0.709 10 0.89 -t
G142 10 0.178 -8 0.892 t0 1.122 0
0,179 1o 0.224 -7 f.123 10 1,413 +1
0.225 10.0.282 -6 1414 10 1.778 2
0.283 to 0.355 -5 1.779 to 2.239 +3
0.356 to 0.447 -4 2,240 to 2.818 +4
0.448 to 0.562 -3 2.819 to 3,548 +5
; ©.583 ro 0.708 -2 3.549 to 4.467 +6
H

¥ N is the nurmber of measurements in time period T (in minutes),

Valves in this fable are calculated from the relation:

C = 10 log|q N/T)

wnere N is the number of measurements in the time period T (in minutes), Intervals in the table cre selected
iv round velues of C to the nearast whole decibel. The table may be extended or interpolated to finer interval
g+ duotinns by using this defining equation,

The noise avents to be included in the energy-averoge for car-coupling impocts are defined in § 201.1 of
the reguiation as:

{5) "Car Coupling Sound" means a sound which is heard and identified by the observer as that of
cnr coupling impact, and that couses a sound level meter indicator (FAST) 1o register an increase of
at ieast ten decibels above the level observed immediately before hearing the sound.

These tu be included in the average for retarders are defined in 52011 of the regulation as:
{z) "Retarder Sound" means a sound which is heard and identified by the observer as that of a

re:arder, and that cguses a sound level meter indicator at fast meter response 3 201.1{l) to register
an increase of at least ten decibels obove the {evel cbserved immediately before hearing the sound.
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4.2.3 Measurernent Site Selection

The tocation at which the sound measurements are to be conducted must be chosen carefully to ensure that
the conditions summarized in Table 4-16 are satisfied. |f the measurement is being conducted by enforcement
personne! to determine complionce with the standards, the measurement site rmust be on non-railroad receiving
property. If the measurement is being conducted by the railrood to determine whether it is probably complying
with the regulotion, ond therefore whether it should institute noise abatement, a raiitoad may toke measure-
ments on its own property at locations that:

{!) are between the source ond receiving property,

(2) Derive no greater benefit from shielding ond other noise reduction features thon does the receiving
property, and
(3) otherwise meet the requirements of Table 4-16.

Table 4-16

Receiving Property Site Requirements
For Car-Coupling Impacts ond Retarders

JEST SITE

Located on receiving property with no vertical plane surfoces exceeding 4 feet in height within
33.3 feet of the microphone position. The foilowing structures are exempt from the above
requirement:

o Residentiai or commercial unit wail located ot leost 6.6 feet from the microphone position;
o Focility boundary noise barrier,

if the residential structure is o farm home, tle microphone must be located between 6.6 feet and
33.3 feet gway from the wall.

MICRGPHONE POSITION
The microphone must be positioned at o height between 4 feet 1o 5 feet above the ground.

WEATHER CONDITIONS
Mausurements should be token onty uncer these conditions:

® Mo precipitation {rain, snow, sieet, hail, etc.).
¢ Wind speed below 12 mph.
s  Wind gusts below 20 mph.
SACKGROUND NOISE LEVEL

The A-waighted, fast response sound leve!l measured immediately before the noise event should be
st least {0 dB lower thon that of the eveni.

The measurement site selection conditions as stated in § 201.25 of the regulations are as follows:

(a) Measurements must be conducted caly ot receiving property measurement locations.

(b} Measurement locations on receiving property must be selected such that no substantiolly
verticul plone surface, cther than a residenticl or commercial unit wol! or focility boundary noise
barrier, that exceeds [.2 meters (4 feet) in height is locoted within |0 meters (33.3 feet) of the
microphone and that no exterior wall of a residential or commarcial structure is located within
2.0 mevers (6.6 feet) of the microphone, i the residential structure is o farm home, measurements
must be made 2.0 to 10.0 meters (6.6 to 32.3 feet} from any exterior wall.

{c) No measurement may be made when the overoge wind velocity during the period of
mecsurement exceeds 19,3 km/hr (12 mph) or when the maximum wind gust velocity exceeds
32.2 kmfhr (20 mph). :

{d) No measurement may be taken when precipitction, &.g., rain, snow, sleet, or hail, is eccurring.
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4.2.4

instrumentation

The instrumentation required to make cor-coupling and retarder operations noise megsurements is shown in

Table 4-17.

Table 4-17
instrumentation for Car-Coupling and Retarder Noise Measurements

SOUND LEVEL METER
MICROPHONE AND WINDSCREEN
TRIPQD
SOUND LEVEL CALIBRATOR
WIND SPEED METER
ACCESSORIES

Tha instrumentation requirements stated in § 201.22 of the regulations are as follows:

(a) A sound leve! meter or alternate sound level measurement system that meets, as @ minimum,
al! the requirements of Americon National Stondard $1.4-1971! for a Type | (or SIA) Instrument
must be used with the "fast" meter response chorocteristic as specified in Subpart B. To insure
Yype | response, the manufacturer's instructions regarding mounting or orienting of the microphone,
ang positicning of the observer must be observed. In the event that @ Type | (or SI1A) instrument is
nct available for determining non-complionce with this regulation, the measurements may be mode
with a Type 2 {or S2A), but with the measured levels reduced by the following amount to account for
paasible necsurement instrument errors pertaining to specific measurements and sources:

Sound Level Corrections When Using
A Type 2 {or 52A) Instrument

Measurement .
Section Seurce Decibels®
201.26 Retarder 4
Car Coupling 2

* Amount of correction to be subtracted from measured level (dB).

{b) A microphone windscreen and an ocoustic calibrator of the coupler type must be used as
recommended by: (1) the monufacturer of the sound level meter, or (2) the manufacturer of the
mizrophone. The choice of both devices must be based on ensuring that Type | or Type2
werformance, as appropriate, is mointained for frequencies befow 10,000 Hz,

in oadition, olthough not presently required, it is wise to follow the FRA Compliance Regulations

fue 263 Part 210, 8 210.29) which define the foltowing calibration procedures:

{1} (i} The sound level measurement system including the microphone must be caiibrated ond appro-
priately adissted at one or more nominal frequencies in the range from 250 through 1000 Hz at the
beginning of soch series of measurements, at intervals not exceeding | (one} hour during continual
use, ond immediately following @ measurement indicating a violation.

(ii) The sound level measurement system must be checked out not less than once each year by its
monufacturer, o representative of its monufacturer, or a person of equivalent special competence to
verity that its accuracy meets the manufacturer's design criteria,

iU} An ocoustical calibrator of the microphone coupler type designed for the sound level measurement
voj#m in use shail be used to calibrate the sound level measurement system in accordance with
poragraph ffg {i) of this subsection. The calibration must meet or exceed the occuracy requirements
soecifiad in 9 5.4.4 of the Americon National Standerd Instituts Standards, "Method for Measurement of
Scund Pressura Levels® (ANSI 51.13-1971),! for field method measurements.
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4.2.5 Measurement Procedure J

The procedure to te followed when conducting rail-car coupling operations noise measurements is derived
trom the EPA noise standard regulotion, and common measurement practice.

The procedure is made vo of five phases. They include:

& Progrom Plarning

* Instrumentation Checkout
s Instrumentotion Setup

s Dcta Cotlection

« Dato Reduction

A description of these phoses as applied to car-coupling impact ond retarder ncise measurements is presented in
the rest of this section. Where appropriale, scmple worksheets are included, These may be copied directly or
may bz used as o basis for designing 2 more persenalized formot.

4,7%.5.1  Progroem Pienning

The first stoge of the mecsurement pragrarr is program sianning. It is during this phase that decisions are
moce concerring such focters as the number of locations to be tested, specificaily which locotinons will be used,
and the doy and time the mecsurements are to be made. Permission to be allowed access 1o the measurement
lacaticns at the 1ime desired shauld be obtainsd from the responsitle raflroed official or, if on non-railroad
property, from the property owner. The numier of peopie to carry out the measurements should be determined
and spec.fic individuels assigred 1o the meassrement team. Most field measurements invelving moving or
chorging soutces require al least two pecple ~ one to observe ond record the sound level measurements, the
other tc determine and nole other charocteristics of the noise source (e.g. type, identification, location,
speed, etr.).

17 is o!s6 <t this point that the instrumentotion system is specified and ocquired. The system used for car-
coupiing ond retarder operaticns roise meas. rements wiil normally consist of o Type | or 2 sound level meter
with ¢ calibroror, windscreen, ord tipod. i car-coupling noise measurements ore to be mode for the purpose of
demerist oing that the srandard i exceeded when cors couple at less thaon B miles per hour, a speed-measuring
device shou'd be included. Otner usetul ecuipment inz'ude o wind speed-measuring device, ¢ |100-foot tape
measur 2, ard thermometer.

& prugrom plonning workdwaet is showr in Figurs 4-20. This is useful in gssuring that all of the planning
detoils orz carried out.

42,22 Insirumenteiion Chenset

Tefa, mioceoding fo the tield for msasiremnents, iFe instrumentatinn system should be put fogether ond
thoreugh iy cnecwed out ond the manufocturer's insiructions referred to for calibration ond operational
procedures,  The bhetteries rws! be tested o~d ol inteicornecting cobles ond mounting hardware should be
connes ted 1o ussure 1na- the correct plugs fil inte the proper instruments, ond thot the overall system works as
required, The occessories such as exire batieriss, note pods, adhesive tape, and the like, shouid be assembled.

Asarventory of the necessary equipment ond @ mecsuremen! sile qualification worksheet should be
prepar2d and prough: into the field. This cssores thot once the rmecsurement progrom has begun no details will
forgatten. Samples of inventory ond site qualification worksheets ore shown in Figures 4-2! gnd 4-22. The
inventory sheet is mean? to be quite generat; thus depending on the purpose of the measurement, it may not be
necessary to fake uii the equipment isisd,

42,53 lnstrumeniation Setup

Before proceeding to the measurement aiie, the person in charge of the property on which the
medasuTermer.ts are ¢ be taken shouid be informad of the presence of the measurement team. At the site, the
mstrumentotica systerr shovid be set up according 1o the manufacturer's instructions. The inventory worksheet
should be ruferred to ¢t this tirme. The measuramient site qualification should be verified, using the meaasurement
site quobificution werksheet,

Tae sound fove]l meter should be mounted on o tripod with the microphone ot g level of 1.2 meters (4 feet)
abews the groond, & windscreen should giweys be attached to the microphone. The sound level meter may be
ti*ed to allow ease of reading, ond the micruphone should be oriented according o menufocturer's instructions.
This it zriticel, sinze certain microphones (pernendicular incidence) cre designed to be pointed directly at the
mejor noiss source, other micrephones {grazing incidence) are desigred to be pointed Gt right angles to the line
betwees the observer and he ruise source, and 11!l others (random incidence) are designed to be oriented in @
it ction interrmediote 1o thes: two,
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PROGRAM PLANNING WORKSHEET
Car-Coupling and Retarder Operations

Prepared By:

- o

Test Plan

Determine where the medsurements will be made.
‘etermine when the measurements will be made.

Cbtain permission to carry out measurements at desired location.

Iastrumentation Checkout

{mecify the instrumentation system required for the measurements,

Acauirs the components of the instrumentation system,

Complete the instrurmentation syster inventory worksheet,
Pz oD Instrumentation system for shipment to the measurement sits.

-~ »

-
Uheel currast weather conditions, reschedule test if necessary.

Measurement Site Setup

Tracko in with persun resporsible for measurement site property.
Comzicte rmeosyrraert site gquaiifization worksheet.
P nsteeevientation sysiem,; checking against inventory worksheet.

<: oo v ratrucrentation system and check components for darmage.

swite thae system and report results on the field data log.
Comy2.e the annotation on the field data log.

Noise Measurements

Corivet noise imeasurements.
Reecrd results on the field daic log.

Thzen cnibration of the system and record results on the field data jog.

Repnck 2ystem for return shipment, referring to inventory checksheet.

Program Completion

Lmpash nstromientation system, checking for damage.

“rocset sata,

e souod rrecsarennent program.
e

Fisopa B2G, Lungly Program Planning Worksheet,
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Dote:

INSTRUMENTATION SYSTEM INVENTORY WORKSHEET

Car-Coupling and Retarder Operations

Prepared By:

Location:

INSTRUMENT

Seria Date of Check

Last
MNo. Calibration ! Out

Make Mode!

Return

Sound Level Meter (SLM)

Microphone

Sound Leve! Calibrator

Wind Speed Measuring
Device

Raifrood Car Speed
Measuring Device

]

i {For Car-Coupiing Only)

REQUIRED {*) AND RECOMMENDED ACCESSORIES Checkout Returmn

+  Microphone Windscreen

* S Caolibration Adjusiment Tooi {Screwdriver)

* Tripod

| * Tupe Measure

Thermometer

Mg rometer

Wateh

Extra Batteries

e P e Wemao o Ame

Ouvet Tape

Connecting Cables

Flach Light

Wecther Radio

e

Carriera and Film

Ground Cioth

Earphone:

Toels (screwdriver, pliers, etc.)

Figure 4-21. Somple instrumentation System Inventory Worksheet.
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MEASUREMENT SITE QUALIFICATION WORKSHEET
Car-Coupling and Retarder Operations

Dotes Prepared By:

L_ocations

L AT 8 LI . st s LY. 4

i YES NO
is the measurement site on a receiving property?
+igvs he test area clear-zone requirements been met?

i .. the microphone position requirement been met? .

Wwill . ambient weather conditions permit noise emission tests?

Wind Speed Below |2 mph?

O A T "

Wini Gusts Below 20 mph?
No precipitation condition met?

a. 3 sizetch been made of the measurement site?

Have shatogrephs been taken of the measurement site?

El
S avmmes wowy e e

Figure 4-22. Sample Measurement Site Qualification Worksheet,
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For car<coupling operations noise tests, the microphone should be positioned in a receiving property, on a
line perpendicular to the nearest track on which car-coupling occurs at @ point at least 30 meters (100 feet) from
the track centerline. !f this is not possible, all sounds resulting from car-coupling impocts on closer trocks ore to
be disregarded.

The operctor should stand as far awoy from the meter as possible, consistent with his ability to make the
sound leve! reodings easily. When possible, the microphone/preampiifier assembly should be mounted remote
frem the sound level meter so that there is less chonce of the observer's affecting the measured data.

Coare should be taken to moke sure that there is nothing between the microphone position and the sound
source, with the exception of a focility boundary noise barrier, which may interfere with the sound propogation.
Nearby reflecting objects, such as walls behind the microphone, should be ovoided, It is, however, permissible to
toke measurements at a location where residential or commercial structures are located at least 6.6 feet away
from the microphone position.

The sound level meter should be calibrated by odjusting the meter to read the level generated by the
calibrotor, according fo the monufocturer's instructions. This should be done prior to the beginning of
measurements, ond noted in the field data log.

Diaw o sketch of the measurement greg that includes all oudible noise sources ond their approximate
locatien with respect to the mecsurement position. The location of all reflecting surfaces, barriers, and other
foctors thot may offect the sound propagation should olso be noted on the sketch. An exact scale map is not
necesscry, but o good representation of the areq, with distances to outstanding landmarks indicated, is desirable.
If o detailed map of the area is available, the site arec should be located on it, If possible, pho'}ogrcphs of the
area should be taken to show the noise source. A very effective way to photogroph the site is to stand at the
microphone position and take @ series of pictures which show the full 360° view from that spot. 1t is also helpful
to docun-ent the microphone location by stepping behind the microphone and taking o picture which shows the
microphore as well as the sound source being measured.

A dota log should be filled out af the beginning of eoch measurement. A typical data log sheet is shown in
Figure 4-23 and shouid contain the following information:
Deseription of measurement location,
Date of measurements.
Nome of persor: performing the measurements.
Types, inodels, serial nurbers, or other identification charocteristics for all instrumentation.

e o v o 0

Barometric pressure, temperature, wind velecity, ond humidity. (This information can be measured
directly or, in mony cgses, con be obtuined from local weother radio stations,)

Hsults of zalibratiorn tests.
Measured levels and bockground levels,

Descripnion of equipment under fest.

¥ F L @

Description of secondary noise sources,

»

& pad should alse be token into the tield and used to write extensive notes detailing anvthing going on
which moy hiose a bearing on the measurements or the interpretation of the data, Such incidents as unusuclly
high raiitoud troffic or other atypical events are examples of the 1ype of information which should be recorded.

4.2.5.4 Daig Collection

Using fast meter response, measure and recerd the maximum A-weighted sound level during each car-
coupling impact or retarder squeal ever ond the bockground levels immediately before and ofter the event. At
tezal 30 valir measurements must be recorded, A valid measurement is one for which the maximum level during
the even? is ot least [0 dB greater than the background level immedictely before the event. The measurement
period must be of least 60 minutes ond not more thon 247 minutes and it must be reported.

4.2.5.%5  Oato Reduction

Figure 4-24 presents ¢ somple dote reduction worksheer that moy be used to determine the adjusted
avercge maximum A-weighted sound level of the collected sample of roise events. Figure 4.25 and the
disrussion beiow iHlustrate the use of this worksheet, '

STEP |:

s Divide by 14 eoch measured noise event sound leve! which is ot least 10 dB cbove the background before
the event, and toke the ontilogerithm of the resuitont number. For example, if the sound level is 90 4B,
dividing by 10 gives 9.0, and taking the antilog gives 107-C = 1,000,000,000,
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FIELD DATA LOG
ling and Retarder ations

Ca

Date: Prepared By:

Location:

EQUIPMENT:

[ s trument Mawfocturer

Serigl No.

Date of Last
Calibration

ﬁ'.mmd Level Meter

{ Microphone

! Colibrator

¢

(53

WEATHER CONDITIONS:

Time | Wind Spead | Dirsction

Temperature

Reiative Humidity

Barometric Pressure

! Pra=Tast

I.r Dast.Tast

CALBRATION:  Calibeator Levels

d8  Calibrater Frequency:

Time

b Seid Level

MAJOR NOISE SOURCES:

EERCEEI Sy

| KEICH OF SITE GEOMETRY: 1\
3
N
{
!
3

T Lt

Figure 4-23. Sample Car-Coupling and Retarder Operation Field Dato Log.
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FIELD DATA LOG (Continved)
CarCoupling and Retarder Operations

Twe

B

ST AR A mer—

CTR e e 0w

A ——TY

Cote: Prepared By:
Locaiion:
Start Time: NOTE: Minimum Sample Time = | hour
Stop Time: Maximum Sample Time = 4 hours
A-WEIGHTED SOUND LEVELS {("FAST" RESPONSE)
| y v
Pre- | Max. | Post- | A Pre- Max. Post- 1 A
Eseat | During | Event | L Source Event | During { Event |L Source
Levei | Event | Leve! || Level | Event Level {1
. (3% D*

z i f

P e b e e

*  Cheok (W) those measurements which c-e velid. A valid measurement is one for which
the maximum fevel during the event exceeds the pre-event level by ot least 10 dBE.
Thivty valid measurements are regoired

Fig.re 4-23 {Concluded).
4.4
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ADJUSTED AVERAGE MAXIMUM A-WEIGHTED SOUND LEVEL WORKSHEET

Car-Coupling and Retarder Operations

Oster Prepared By:
Location: |
NOISE SOURCE: [(JRetarder [[JCar-Coupling
] ‘:T:" Maximum Li/10

bods | Level L¥ 10 Sums 3 =
ij -t No. Samples: N =
2.1
.* 3 Average: A = S5/N =
{...

Energy-Avercge
Maximum [_evel:

Correction For Sound Level Meter

[(JType1: B8 = 048

i '-..;—':iri }L\o 'mfu NITE IS
Lo ;

[ORetarders: B = 4dB
(OType 2:
;f ‘ Correcied Energy-Average Maximum Level
£
1
i 1" Stop Time: (h) (m)
Start Time: (h) {m)
Duration: | T = (h) (m) = min.
Event Rate: |N/T =
AdeStmenf: C = lo [oglo(N/T) = dB

Adjusted Average i
Maximum Level: |L'E + C = a8

= z IOLE/IO -

« Qniy valid mecsurements, for which L is
i3 B or more above the level just prior
o tte event, are to be included. At Jeast
20 valie mecsurements are required.

}‘. :
(V5]

STV s

“igure 4-24, Sample Adjusted Average Maximum A-Weighted Sound Level Worksheet.
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ADJUSTED AVERAGE MAXIMUM A-WEIGHTED SOUND LEVEL WORKSHEET
Car-Coupling and Retarder Operations

Meote: FeR. S, 1990  Prepared By: A.W. Level

Location: S.E. Ceener et SixH St. and Concourse Kd -~
,.Arm‘meﬁhi 2,000 Feet: fepen Master Returdec

NOISE SOURCE:  [X]Retarder [J Car-Coupling
Event | Maximum Li/10
No. | Levei,L.* 1o/ Sum: S = 4 £99,0%9,Q)5

{1 G 36,227, 76b No. Samples: N = 30
b2 G 006,000,900

F’ 3 7S 3/,623, 777 | Averaget A = S/N = 163,303,997
i 4 | %0 00,000 CcoO
: 5 70 10,002 Q0c & Energy-Average [, _
: 5:." L1 Be 30,9573V Maximum Levei:lLE = 10 lOQIO(A) = ¥Tadb

i 7 ! 83 1S5 589,319

i ) _J' 77 i ey ilE TA? Correction For Sound Level Meter
P G0 180,500,050 [J7ype : B = 0dB
S SO .5 1255912, 597
L gt i 79 794,328,235 | 5] Type 2 KRetarders: B = 44dB
A ! R CEEN Type 2: _
> N R e’ PR [JCar-Coupling: B = 2dB
! r i4 ¥3 89, 73k, 235 Corrected Energy-Average Maximum Level
' i}m Vi &0 toc 00, o0 i
(i T 59,808,770 | L= Lg~B=8%3a~4= 73 d8
SR SV AU SR e U S 1§ P £ B
C e T - | Stop Time: __ [4 () 40 (m)
. ! St '
L Start Time: 13 () 10 (m)
Nanis
Do = Duretion: 17 = 1 (h 3¢ (m) =90 min.
i 0
TR TS . s r
A 3, 61, 00S703% | EventRate: |N/T = 30/90= 0. 333

45 B2 __ [ 183 459, 317
SRR S L3 eaw, 70T
T TS T TSR 25 g ] Adjustment: | € = 101ogigN/T) = =57 dB
; i R T 13 (20,80, Qa3
P 29 73 1 G, 623 ) ad I
f 5.-...-;‘,'_._1'"_”._ Lo o Adjusted Average ([, _
i ) 77 Se (& T E3 Maozimum Leve!': Lg + € =78-5273B
P VI
| teens 5 IRV 2 g peq 035 Qs
' —

2 Oni wchio measuremients, for which Lo
2% e morz obave the tevel just pricr
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» Sum the resuitant antilogarithms for all the measured sound levels and divide by the number of
meas.rements. It is not necessary to record the individual antilogarithms if a calevlator with o
zumulative memory is being used ta sum them.

@ Tuke the iogarithm and multiply by 10 to obtain the energy-average maximum sound level.

SIEP 2: If o Type 2 (or S52A) sound level meter was used for the measurements, subtract 2 4B from the
energy-average maximum sound level (Step 1} if car<oupling impacts are being measured end subtract 4 dB
from the energy-averoge maximum sound level if retorder squeals are being measured.

STEP 3: Determine the correction factor either by using Table 4-15 or by caleulating the foctor by the
following method: divide the number of valid car-coupling measurements by the measurement time period
in minutes, take the logarithm and muitiply the resuitent number by 10. Add this figure to the energy-
arerage sound level colculated in Step |, corrected if necessary as in Step 2.

L.4.6 i Datc Base I

3.8, Cw-Cxpling impocts

On the busis of the results of 94 car-coupling impoct noise meosurements,a'é"o the maximum A-weighted

ssunc levels from these noise events ar ¢ distance of 100 feet range from 69 dB to 113 dB with a meon volue of
%6.3 9. Figure 4-26 shows a distribution of these sound levels. Figure 4-27 shows a typical time history of the
A.welghted sound level of car-coupling impacts in a flat yord. One-third octave band spectra of a single car-
raupiing impoct and of a series of chain-reaction impacts we shown in Figures 4-28 and 4-29, respectively.

Tre maxiruers level of the noise emitted in a single car-coupling impact depends most directly on the
relciive speed with which the two cars collide. Figure 4=30 snows the relationship between maximum
Aowaignted sound revel {fast meter response) at 100 feet ond refative car—coupling speed. Also indicated is the
o respocdng linsar regression curve, standard error of estimate, o, ond correlation coefficient, r, for these dota.

& 2,22 Relcrder Squecis

On the basis of the results of 750 retarder squeal noise mecsuremen?s.a’s’7’lo the maximum A-weighted
tourad (% els from these roise events at a distence of {00 feet range from 70 dB to 130 dB with a mean value of
1., dB. Flgure §-3] shows g distribution of these sound levels. Figure 4.32 shows a typical time history of the
« -weighted cound level emitted by a master retarder. One-third octave band spectra of sound emitted from a
razrer reforger and from on irert retarder ore shown in Figures 4-33 and 4-34, respectively,

The maimoam wound level of a retorder squeal and, indeed, whethar ar not ¢ car passing through a retarder
Wiagee ore thoucht to depend on g large number of parametars such as: car weight, opplied retarding force,
cwfcee chorocter stics of whee! and broke shoe, femperature, ond relative humidity. Few controlled
« svrents, nowinich all but one of these variables cre held constant, have been performed; thus little is known
i fure Ture. onal dependoncs of the emittad scond level on eoch of these parameters,

o
! radiss Cuntral Techniques
e

ER

427,00 Cur-Coupling impocts

Ly seen in Figure 4-30, the maximum sound level emitted in g car-coupling impoct is proportional to the
ralabve speed with which the cars come together. Thus the primary methed of impoct noise control is to
minimize the zaupling speed, subject to the requirement, of course, that the cars do couple. {f the speed is set
soo lee se that o car coupling does not occur, @ locomotive would have to be sent down the track to couple the
e cur; tcoether, This would not oniy reduce the efficiency of the classification operation but also would emit
rrore Gise into 1oe community due to the additional motion of the locornotive.

Jther types of coupling procedures have been proposed, such as shove-to.rast or the use of specially
¢ sshioned couplers, but these in generol have not been found to be either technically or economicaily feasible.

4.2.7.2 Retarder Squeais

Sern der ocise is jenerated from slip-stick mechanism between the wheel, rail, and retarder broke shoe
r smrs sach sompenant into vibration. The level of the squeal and whether or not a squeal will occur seems
. on the we ght of the car, the retardation force, the frictional characteristics of the wheel, brakeshoe,
z+d the weaiher conditicns.
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Numerous fechniques of retarder noise reduction have been proposed; however, the following three
approaches are being implemented at some hump yards:

o Barriers
o [ubrication system
o "Low noise" broke shoes

Barriers have been installed at the Madison Yard in St. Louis, the Burlington Northern Yard in Konsas City, the
Northtown Yard in Fridley, Minnesota, and ot the Calder Yord in Edmonton, Alberta. These devices are located
parollel to the retarders and are lined with absorptive material. Since the source of the noise is close to the
ground and the spectral content of the noise is predominantly high frequency, absorptive barriers have been
shown to be quite effective in reducing raise propagating in directions perpendicular to the retarder. The
insertion loss of a 12-foot-high barrier is shown in Figure 4-35,

A major problem with the barriers is that they restrict the visibility of the hump operator, thus making it
difficult to monitor the movement of cars through the retarders. In order to improve visibility, the operator may
have to be relocated. For example, at Madison Yard, the hump control operatar was relocated to the top level of
the tower building in order to improve his visibilty of the hump. This move required major olterations of
communications, controls, and other related facilities.

Another problem with barriers is that they restrict occess to the retarders, so that repair and maintenance
work become more difficult and thus more expensive. In addition, dercilments near retarders usuolly cause
damage to the barriers, thus requiring extensive cleanup, reconstruction of the barriers, ond down-time of the
operation of the retarder.

At Northtown Yard in Fridley, Minnesota, lubrication systems have been used to spray smal! amounts of oil
onto car wheeis before entering the retarder. The lubrication systemn consists of a series of nozzles on a header
pipe located ot both sides of each rail with @ concrete trough below the rail to collect the residue. A water-
soluble oil solution of less than two percent oil is employed In winter, ethylene glycol is odded to the mixture to
keep the water from freezing, The lubricont is collected in o retrieval system and cleaned for reuse,

This system has been effective in chenging the frictional characteristics of the wheel ond broke shoe
sufficiently to eliminate wheel squeal. There is, however, the danger that too much oil will be deposited so that
the car will not be sufficiently slowed by the retarder. Another problem with the lubricant system is that the
excess oil con drop onto the ground and eventually contaminate ground water,

Recently, several manufacturers hove introduced ™ow naise™ brake shoes for use in reducing the
occurrence of retorder squeal, These designs employ both new metailic compasitions and new surface designs to
constrain the coefficient of friction between whee! and broke shoe in a range that will minimize the probability
of exciting the system. Although in the past, ductile iron brake shoes did reduce the incidence of squeal at the
cost of highly cccelerated broke shoe wear, the new compositions and designs appear to wear as well as
conventional brake shoes.
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CHAPTER 5
MISCELLANEOUS REGULATIONS

In addition to the noise emission from the sources discussed in Chopters 3 ond &4, two odditional roilroad-
associated acoustic environments ore controlied by federa! regulations:

I, The energy-averoge sound level within railrood employee sieeping quarters is required to be below o
defined stonderd; and

2, The A-weighted sound leve! from oudible warning devices on focomotives is required to be above a
defined level. -

This chapter discusses the following items for sach of these two standards:

The existing federal regulation controlling the acoustic environment,
The acoustic metric used to quantify this acoustic environment,
The measurement site selection,

The instrumentation and measurement procedure needed to determine the characteristics of the
acoustic environment, R

The existing data base describing the acoustic environment, end

e Techniques for meeting the ocoustic standard.

The chapter is arranged in two sections: Section 5.1 discusses railroad employee sleeping quarters, and
Section 5.2 discusses audible worning devices on locomotives.

5.1 Interior Noise Leveis Within Railrood Employee Sleeping Quarters

On July 19, 1978, the Federal Railrood Administration of the U.S. Department of Tronsportation published
final rules under which it will consider whether proposed sites for the construction or reconstruction of sleeping
quarters for railroad employees subject to the Hours of Service Act are "within or in the immediate vicinity of
any area where railrodd switching or humping oparations are performed.” The Hours of Service Act, as cmended
by the Federal Railway Safety Act of 1976, prohibits the construction or reconstruction of quarters for such
employees within or in the immediate vicinity of switching and humping.

In the FRA rufes, one foctor to be ‘evaluated when considering a petition for approval of the construction or
reconstruction of sleeping quarters for railrood employees is the interior noise level in the facility.

S.0.1 Reguiation

The noise limit set forth in the FRA rules is shown in Table 5-1,

Table 5-1
Noise Exposure Standard For Railrood Employee Sieeping Guarters
. Maximum Permitted Mea '
Dote Effective A-Weighted 8-Hour Equivalent T 'I:“'":c";e;‘
Sourd Level, L Olera
eq(B)
July 8, 1984 55 dB 248

* Re: FRA "Railroad Noise Enforcement Mcnual"' had

** Superscripts refer 1o references at end of chapter,
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The portion of the FRA rules pertaining to the acoustic environment, as published in 43 FR 31006 (1978), is
as foliows:

(b} In considering a petition for opproval filed under this subpart, the Railrood Safety Board
evaluates the material factors bearing on -

(1) The safety of employees utilizing the proposed focility in the event of o hazardous
materials accident/incident and in light of other relevant safety factors; and

(2) Interior noise levels in the focility.

(¢} The Railroad Safety Board will not approve an application submitted under this subpart if it
oppears from the aveilable information that the proposed sleeping quarters will be so situated and
constructed as to permit interior noise levels due to noise under the control of the railrood to exceed
an Legg) value of 55 dB(A). If individual air conditioning and heating systems are to be utilized,
projections may relate to noise levels with such units turned off,

5.1.2 Acoustic Metric

The metric used in these rules is sunmarized in Table 5-2,

Table 5-2

Acoustic Metric for Interior Noise Levels
Within Railroad Employee Sleeping Quarters

A-WEIGHTED EIGHT-HOUR EQUIVALENT
SOUND LEVEL, Leq(8)

A-WEIGHTED SOUND LEVEL
"SLOW" RESPONSE

The metric used to check complionce with the standard is the A-weighted 8-hour equivalent sound level,
Leg(g). Equivalent sound level (Log) is the level of the constant sound which, in o given time pericd, would
transmiat the same sound energy as gﬁd the aoctual time-varying sound.

5.1.3 Measurement Site Selection l

The purpose of this regulation is to assure that the railroad employees are provided sleeping quarters which
afford them the opportunity for rest, free from interruptions caused by noise from switching and humping
operations under the control of the railrood. The measurements therefore should be made in “high noise"
dormitory rooms. The choice of such rooms is based on such factors as proximity to predominent or intensa
railrood noise sources such as retarder squeal ond car impacts, employee interviews, or preliminary "walk-
through" sompling with a sound leve! meter.

Within each room, the microphone should be positioned where it con best copture the sounds which may
cause sleep interference. A position near the heod side of a bed, for example, would be appropriate. If time and
availability of equipment permits, the sound level in more than one room in the dormitery should be measured.
Unoccupied rooms are preferred in order to avoid measurement of internally generated noise associated with
human activities. The objective is to measure external noise levels that may potentialiy disrupt occupants at
rest.

The regulation requires that any individual heating or gir-conditioning units present in the room should be
turned off during the measurement period. Central heating and air<enditioning systems may remain in
operation,
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5.1.4 ! Instrumentation

The instrumentation required to conduct railrood employee sleeping quarters noise measurements is shown
in Table 5-3.

Table 5-3

Instrumentation For Interior Noise Levels
Within Roilrood Employee Sleeping Quarters

INTEGRATING SOUND LEVEL METER *
SOUND LEVEL METER
MICROPHONE AND WINDSCREEN
TRIPOD
SOUND LEVEL CALIBRATOR
ACCESSORIES

* A noise dosimeter with o 3 dB exchange rate may be used.

Calibrotion procedures for this measurement are specified in Reference |. Calibrotion ond adjustment of
the meosurement instrumentation according to menufoctyrer's instructions are required before the measurement
and a recheck of the calibration is required after the measurement has been completed. In addition, the
meagsurement instrymentation should be checked by the manufucturer or on authorized representative at least
once eoch year. A dated sticker attesting to this inspection should be attached to the instrument,

5.1.5 Measurement Procedure

The procedure to be followed when conducting roilroad employee sleeping quarters noise measurements is
derived from the FRA noise standard reguiation and common measurement practice.

The procedure is mode up of four phases. They include:

Program Planning
Instrurmentation Checkout
Instrumentction Setup
Dota Collection

A description of thase phases as applied to sleeping quarters noise measurements is presented in the rest of this
section. Where appropriote, sample worksheets are included. These may be copied directly or moy be used as o
basis for designing o more personalized format,

5.1.5.1 Program Planning

The first stoge of the measurement program is program planning. !t is during this phase that decisions are
made concerning such factors as the number of dormitories to be tested, specifically which dormitories will be
tested, the number ond locotions of the rooms to be tested in each focility, ahd the day ond time the
measurements are to be made. Permission to be ollowed occess fo the meosurement locations at the time
desired should be obtained from the responsible railroad official.

It is also at this point that the instrumentation system is specified and ocquired. The system used for
sleeping guarters noise measurements will normolly consist of o Type | or 2 integrating sound level meter, a
sound level meter, a calibrator, windscreen, and tripod. Other useful equipment include o tape measure and a

camera.

A progrom planning worksheet is shown in Figure 5-1. This is useful In assuring that all of the planning
details ore carried out.

5.1.5.2 Instrumentation Checkout

Before proceeding to the field for measurements, the instrumentotion system should be put together and
thoroughly checked out ond the manufacturer's instructions referred to for calibration and operational
procedures. The batteries must be tested and all interconnecting cables and mounting hardware should be
connected to assure thot the correct plugs fit into the proper instruments, ond that the overall system works as
required. The occessaries such as extra batteries, note pads, adhesive tope, and the like, should be assembled.
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PROGRAM PLANNING WORKSHEET
Railroad Employee Sleeping Quarters

Prepared By:

it

Completed

EEEE TR T

i

Test Plan

Determine the number of dormitories and dormitory rooms to be tested.
Determine the location of each dormitory to be tested.
Determine when the measurements will be made.

Obtain permission to carry out measurements on railroad property,

Instrumentation Checkout

Specify the instrumentation system required for the measurements,
Acquire the instrumentation system,

Check out and calibrate the instrumentation system.

Complete the instrumentation system inventory worksheet,

Pack the instrumentation system for shipment to the measurement site.

Measurement Site Setup

Check in with responsible railread official.

Unpack instrumentation system, checking against worksheet.

Set up the instrumentation system and check components for damage,
Calibrate the system and report results on the field data log.
Complete the annotation on the field data log.

Noise Measurements

Conduct noise measurements,
Record results on the field data log.
Check calibration of the system and record results on the field data log.

Repack system for return shipment, referring to inventory checksheet.

Program Completion

Unpack instrumentation system, check for damage.

Document measurement program.

Figure 5-1. Sample Program Planning Worksheet.
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An inventory of the necessary equipment should be prepared and brought into the field. This assures that
once the measurement program has begun no details will be forgotien. A sample of an inventory worksheet is
shown in Figure 5.2,

5.1.5.3 Instrumentation Setup

Before proceeding 1o the railroad employee sleeping quarters, notify the railrood official responsible for
the facility of the presence of the mecsurement personnel, Once in the sleeping quarters, the instrumentation
should be set up according to the manufocturer's instructions. The inventory worksheet should be referred 1o at
this time.

The integrating sound level meter should be placed at o representative locotion in a "high noise” room of
the sleeping quarters. The choice of such @ room should be based on such foctors as: -

» Proximity to predominant or intense noise sources,

s Employee interviews, or

s A preliminary survey of A-weighted sound levels in the sleeping quarters building.
The microphone shouid not be ploced near ony loca! noise sources. Radios, record players, etc., should be turned

off. An unoccupied room should be used, if possible. Initial sound level measurements should be mede to assure
that railrood operations ore the predominant source detected by the microphone,

The sound level meter should be calibrated according to the manufacturer’s instructions. This should be
done prior to the beginning of measurements, and noted in the field dato log. After the measurements have been
completed, the colibration of each instrument should be checked; the colibrator levels at this time should be
recorded in the data log.

A sketch of the microphone position should be drown, indicating the position of the microphone relative to
the beds in the sieeping quarters. The location of doors, windows, window air conditioners, and other maojor noise
sources should be indicated on the sketch. If possible, a photograph of the interior of the room, showing the
microphone location, should be 1oken.

A dato log should be completed for the meosurement progrom, A typical dato log sheet is shown in
Figure 5-3 ond should contain the following information:
Date of measurements,
Name of person performing the measurements.
Locaotion of dormitory focilities.
Types, models, serial numbers, or other identification characteristics for all instrumentation.
Results of calibration tests,
Bockground levels.
Dormitory ond room identification,
Measured equivalent sound levels.

*® 0 8 & & & & 0

A note pod should be taken intc the field ond used to write extensive notes detgiling anything going on
which may hove o bearing on the measurements or the interpretation of the data. The occurrence of atypical
events are exarmples of the type of information which should be recorded.

5.1.5.4 Data Collection

Before beginning the integrating sound leve! meter measurements, measurernents of the instantaneous
sound level ot the microphone position due to commonly occurring noises should be measured ond recorded on the
data log. The following examples illustrate the type of source levels that should be noted:

Air-conditioning systems.

Ambient sound level {no identifiable source).

Noise in odjocent rooms, if present,

Idling locomotive(s), if present.

Car —coupling impocts.

Retarder squeals.

Identifiable non-railrcod sounds (e.g., automobile and truck passbys, aircraft flyovers, etc.)

* & &5 & & o
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1NSTRUMENTAT!ON SYSTEM INVENTORY WORKSHEET
Railroad Employee Sleeping Quarters

Date; Prepared By:

. Date of
INSTRUMENT Make | Model | Seridl Last | Check
No. Out

Calibration

Return

Integrating Sound Level Meter (SLM)

Sound Level Meter

Microphone

Sound Leve! Catibrator

REQUIRED (*) AND RECOMMENDED ACCESSORIES Checkout Return

*  SLM Calibration Adjustment Tool (Screwdriver)
* Tripod
Microphone Windscreen

Thermometer

Hygrometer

Tape Measure
Watch
Extra Batteries

Duct Tape

Connecting Cables
Flashlight

Camera and Film

4

Earphones

Tools (screwdriver, pliers, etc.)

Figure 5-2. Sample Instrumentation System Inventory Worksheet,
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FIELD DATA LOG
Railrood Employee Sleeping Quarters

Date: Prepared By:
Location:
EQUIPMENT:
' . Date of Last
Instrument Manufacturer Model! | Serial No. Calibration.

Integrating Sound Level Meter

Sound Level Meter

Microphone

Calibrater

CALIBRATION:  Calibrator Level: dB; Calibrator Frequency: Hz

Time

Sound Level

REPRESENTATIVE LEVELS: (WHERE SPECIFIC SOURCES CAN BE IDENTIFIED)

Time

Level

Source

Figure 5-3. Sample Field Data Log.
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FIELD DATA LOG (Continved)
Railroad Employee Sleeping Quarters

Date: Prepared By:

DORMITORY PARAMETERS AND LEVELS:

Dormitory Room Number#*

Time Total Energy-Equivalent
Start Stop Duration Sound Level, dB Comments
REMARKS:

* Sketch Building If Not Numbered:

SKETCH OF SITE GEOMETRY:

S —>

Figure 5-3 (Concluded).
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The integrating sound leve! meter should be started occording to manufocturer's instructions and left
undisturbed for the entire measurement period. This will normoally be eight hours,* although it con be shorter if
either of the following criteric are met;

{a) The acoustic environment is known to be essentially constant or

(b) The distribution of soynd levels measured during the measurement period con be considered to be
representative of the distribution of sound levels that would have been measured in eight hours.

These conditions can be tested by measuring equivalent sound levels for a series of short time periods. If
the resultont Leq volues are essentially equal, then the measured sound levels are representative of the ocoustic
environment that would accur in eight hours. Thus, for example, if the Leg(0,5) volues measured within three
successive half-hour periods are within o few decibels of each other and if it is known thot the railrood
operations that occurred in these time periods were representative of those operations that occur throughout the
eight-hour period, then the arithmetic averoge of the Leq values is a reasonoble approximation o the Leq(g)
valuve that would be obioined from a full eight-hour measurement.

Occupants of the dormitory should be instructed to behave as they normally would (when other occupants
ore resting} while the sound level measurements cre being made. Whistling, shouting, and loud radia playing
should be cvoided. Reoom occupants should be instrucied not to touch the instrumentation. I possible,
unoccupied rooms should be used for the megsurements, Individual room oir-conditioning or heating systems
shoutd be turned off during the measurement period.

At the end of eoch measurement period, the equivalent sound level should be read out and recorded on the
dato log. Any unusua! occurrences reported by the room occupants should be noted on the data log.

The following manual sampling procedure ** using a sound leve! meter is used by the FRA as ¢ backup to
integrating sound level meter measurements to estimote the Leg{0.5) sound level of railroad noise sources:

e Observe the sound level meter during the first |0 seconds of eoch 30-second period for 30 minutes,

s Record the maximum**# sound level in each |0-second period. If this maximum is identified as emanating
from @ non-railroad source, it is not “valid" and should not be used in the subsequent Lag calculation, |If
the maximum js identified as emanating from a railrood source or if the source is not igenﬁficble, then
it is valid ond should be included in the Leg colculation,

e Continue this sampling procedure until 60 valid measurements ore obtained.

o Compute the energy-overage of the resultant 60 measurements.

The daoto sheet in Figure 5-4 may be used for these manual samples; the resultont estimated Leg(0.5) can then be

copied onto the dato sheet in Figure 5-3. The manual sampling dato sheets used for eoch Leq(0.5) estimate
should be artached to the field dato log to form a complete package. An example is given in Figure 5-3,

5.1.6 Data Base

On the bosii of the results of 75 noise measurements made in railroad employee sleeping quarters ond
reported by FRAZ the volues of Leq(g) range from 35 dB to é0 dB with o meon value of 46,0 dB. Figure 5-6
shows the distribution of these leveis. The pedk in this distribution at 35 to 40 dB represents o large number of
reported 35 dB mecsurements. This level may represent the electrical noise floor of the instrumentation used to
cellect the data.

* FRA inspectors are required to conduct three consecutive B-hour Leq measurements with an integrating
sound level meter (or dosimeter) ond two valid 30-minute sound leve! meter meosurements using the
following manua! sampling procedure in each room. Local inspectors or railroad personne! may rely on
abbreviated technigues as long as the data collected are informational and not used for citations.

#*  Adapted from SAE Recommended Proctice J1075, "Measurement Procedure for Determining ¢ Representa-
tive Sound Level ot a Construction Site Boundcn:y Location”

#++ Note that this procedure overestimates the equivalent sound level, A more occurate estimate would be
obtained by recording the sound level at the end of each 10-second period os discussed in Section 2.2.2.8.
The procedure here ensures that if the overestimated equivalent sound level is below the stondard, then the
true equivaient sound level will also be below the standard.
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MANUAL LecKO.S) ESTIMATE WORKSHEET

Date: Prepared By:

DORMITORY PARAMETERS AND A-WEIGHTED SOUND LEVELS:

‘Dormitory Room Number
Start Time Stop Time

lLevel No.,* Level, No.,* Level
i (dB') Source ) ' C; (a8) Source ; 4 L; (d8) Source ‘

*  Number only valid measurements (those for which the source is either not identifiable

or identifiable as a railroad source). Sixty valid measurements are required.

50
! Li/10
Leqo.5) = 10109y ‘50‘(2 0™ ) =
il

Figure 5-4. Sample Worksheet for Manual Sampling.
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MANUAL L el 0.5) ESTIMATE WORKSHEET

Date: Dec. \0, \Q Pt PreparedBy: J.S. WO iNG

DORMITORY PARAMETERS AND A-WEIGHTED SOUND LEVELS:

Dormitory #2 Room Number 2|2 -
Start Time 14\ Stop Time__ 14 4
e il - e e - e
S 2 [ BmerenT ! S | AmarenT | ass |l o4 A/c —
S [AmeienT 2 | s i akj (ol AJC =
o | Locomsrtve. 3 47 ‘s 27 g AMgIENT 3/
GH | LocomomnvE ol V) " ¥ SO ” S 2
[ Locame T VE J S " a9 S 2 ‘“ 353
(O | LecormenvE [0 s D Lecsmorive | 20 55 o SN
SH {AMEIENT 7 6D |LocomemvE, 31 L | ReEmavber | 5o
s% | Auro — L {RETReDER | 30 64 | ReETWader | SL
v 2L TRuck - 2 | RetheDeER, | 33 SY |locomenve | $7
£ Ame et b4 0 llocoromvei | 3¢ $7 |ltowwmormve | 55,
42 ” 9 Y |Locormonve | 35 || 52 | dmaie T |59
48 * to @d |ReEMrROER. | 3L 4 - &Oo
sl |RETHRDER B Sy |AmaienT 37
6Y |RemeprR. | o a2F
L2 IRETRRDER, N e o 39
60 |RETARDE R 14 48 o 40
ST [AnmeienT s 48 # <
ol i /o 49 ' ¥2
2 | Autop — | 59 AuTo -
o | fuTe _ i | TRucy -
sa lAnpienT V] ta | Truck -
N “ (& (s 0 AuTo -
K] ' 191 2 | AMailenT | 43
SD ” 20 55 - vl
£9 | Lecomemnve | Q1 1 SO ‘! 45
b | locoronve ST ol 4,
bl | Aflc - <7 v 47
LY. | pfo - s K 4®
00 |locoror ve 23 1| b2 | LocomonvE | 49
Sle LocomoTIvE Y[ (bad LocomoTvé. | 5D

% Number only valid measurements (those for which the source is either not identifiable
or identifiable as a railread source). Sixty valid measurements are required.

§0
= I Li/10
Leqtos) = 1010910 | 5o z 010N = 5= g

Figure 5-5. Example of Completed Worksheet for Manua! Sampling.
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40 T 1 T T 1 T
L e—Mean = 46.0
351~ o=6.4
£ | —
g 30 37.4%
g
2 25} -
g 29.3%
= 20 ~
© 21.3%
_g» 15 ~
[
=1 .
Z \|0F ~1
9.3%
5} =
2.7%
0 )

i 1 |
30 35 40 45 50 55 &0 65
Leq(B)' dB re 20uPa

»

Figure 5-6. Distribution of Railroad Employee Sleeping Quarters
Sound Measurements.2
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5.1.7 [ Noise Abctement Technigues

To reduce the exterior nolse transmitted into railroad employee sleeping quarters, the procedures discussed
in Sections 2.3.2 ond 2.3.3 above should be utilized. These include, in order of cost effectiveness:

Closing windows, provided adequate ventilation can be provided by other means;
Secling crocks, holes, and other noise leaks;

Weatherstripping doors and windows;

Modifying or replocing low sound-attenuating elements, such as windows and doors;
Modifying wall structure to improve its tronsmission loss; )

Using barriers to shield sleeping quarters; and

Relocating sleeping quarters further from noise sources.
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5.2  Sound From Audible Warning Devices an L_ocomotives

Although the conditions under which audible warning devices or locomotives are to be used are determined
by railroad operating rules as allowed by state and local ordinances, the minimum sound level of each warning
device is governed by federal reguigtion. Railroad locomotive scfety standords are defined by the United States
Code of Federal Regulations — 49 CFR Part 229. As part of these safety standards, the sound level of audible
warning devices on locomotives is required te be cbove a defined minimum value.

S.2.1 Regulation

On March 31, 1980, the Federal Railroad Administration published final rules on Railroad Locomotive
Safety Standards which, in part, require that the sound fevel from on oudible warning device on a lead locomotive
be cbove the level shown in Table 5-4.

Table S-4

Sound Emission Standard For
Audible Warning Devices on Locomotives

: Minimum A-Weighted Measurement
 Dote Effective Sound Leval* Tolerance
August 31, 1980 96 dB 4d8

*  When measured at o distance of [00 feat forward of the locomotive in its direction of
travel using slow response.

The final regulation in 49 CFR Part 229 is as follows:
§ 229,129 Audible warning device,

{a) After August 31, 1980, eoch lead locomotive shall be provided with on cudible warning device
that produces a minimum sound level of 96 dB(A) at 100 feet forward of the locomotive in its

direction of travel. The device shall be arranged so that it can be conveniently operated fram the
engineer's normal position in the cab.

{c) A 4 dB(A) measurement tolerance is allowable for a given measurement.

5.2.2 Choice of Metric

The metric used in this regulation is summarized in Table 5-5.

Table 5-5
Acoustic Metric For Audible Warning Devices on Locomotives

A-WEIGHTED SOUND LEVEL
HSLOW" RESPONSE

5.2.3 Microphone Location

The regulation states that the sound level shall be measured "at 100 feet forward of the locomotive in its
direction of travel, Bi-directional locomotives with dual controls normally travel with either end forward.
These locomotives should be measured at two positions, 100 feet from each end of the locomotive (Positions A
cn%B in Figure 5-7). For single-direction locomotives (i.e., single control), measurements are usually made only
at Pasition A.

In addition, the regulation states:
"While the locomotive is on level tangent track, the microphone shall be positioned 4 feet gbove

the ground at the center line of the track, and shall be oriented with respect to the sound source in
occordonce with the manufacturers recommendations.”
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Although not stated explicitly in the regulation, good measurement proctice requires that there be no large
reflecting objects near the locomative or the measurement position, thot measurements not be taken in adverse
weather conditions, and that the bockground level just before and just after the horn sounding be at least 10 dB
below the source level, The presence of sound-reflecting objects ond high winds may yield incorrect

measurements of the warning device's ocoustic cutput.

The requirements above are summarized in Table 5-6.

Table 5-6

Measurement Site Requirements For Tests of
Audible Warning Devices on Locomotives B

TEST SITE *

Open space with no large reflecting objects within 100 feet of the source or the measurement
position. Locomotive on level tangent track.

f //
, MICROPHOKE
! M
POSITION A e l06reir FOSITION §

/7 X100 Feer ]

TS —— P T e o
g

100 F/e/ef/ W}OO Fm/
IS

Figure 5-7. Recommended Test Site Clearance Zone {(Locomotive Stationary).
(Bidirectiona! Jocomotive illustrated.)

MICROPHONE POSITION

The microphone must be located 4 feet above the ground along the centerline of the track ot ¢
distance of |00 feet forward of the locomotive in its direction of travel (see Figure 5-7),

WEATHER CONDITIONS #

Measuremnents should be taken only under these conditions:

e No precipitation {rain, snow, sleet, hail, etc.).
s Wind speed below 12 mph,
¢ Wind gusts below 20 mph.

BACKGROUND NOISE LEVEL *

The A-weighted, slow response sound leve! measured just before ond just after the source test
should be at least |0 dB lower than that of the source being measured.

* Recommended Standard Practice.
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5.2.4 Instrumentation ‘

The instrumentation required to make the roise measuraments is shown in Table 5-7,

Table 5-7
Instrumentation For Audible Warning Device Sound Measyrerents

SOUND LEVEL METER
MICROPHONE AND WINDSCREEN
TRIPOD
SOUND LEVEL CALIBRATOR
WIND SPEED METER
ACCESSCRIES

5.2.5 Megsurement Procedure

The procedure 1o be followed when conducting audible warning device noise measurements is derived from
common FRA measurement proctice.

The procedure is made up of four phases. They include:

Program Planning
Instrumentation Checkout
Instrumentation Setup

Datq Collection

A description of these phases as opplied to qudible warning device noise measurements is presented in the rest of
this section. Where appropriate, sample worksheets are included. These may be copied directly or may be used
as a basis for designing o more personalized format.

5.2.5.1 Program Planning

The first stage of the measurement program is program plonning. [t is during this phase that decisions are
made concerning the number of locomotives to be tested, specifically which locomotives will be tested, the
locotions of the locomotives, and the day ond time the measurements are to be made. Permission o perform the
tests at the desired place and time should be obtained from the responsible railroad official.

It is also af this point that the instrumentation system is specified and acquired. The system used for
audible warning device sound meagsurements will normally consists of a Type | or 2 sound level meter with a
calibrator, windscreen, and tripod. Other useful equipment include a wind speed-measuring device, a 100-foot
tape measure, and thermometer,

A program planning worksheet is shown in Figure 5-8. This is useful in assuring that ail of the planning
details are carried out. A

5.2.5.2 Instrumentgtion Checkout

Before proceeding to the field for measurements, the instrumentation system should be put together and
thoroughly checked out ond the monufacturer's instructions referred to for calibration and operational
procedures. The batteries must be tested and all interconnecting cables and mounting hardware should be
connected to assure that the correct plugs fit inta the proper instruments, and that the overal! system works as
required. The accessories such as extra batteries, note pads, achesive lape, and the like, should be assembled.

An inventory of the necessary equipment ond o measurement site qualification worksheet should be
prepared and brought into the field. This assures that once the measurement program has begun no details will
be forgotten. Scmples of inventory and site qualification worksheets are shown in Figuras 5-9 and 5-10. The
inventory sheet is meant to be quite general; thus depending on the situation, it may not be necessary to take all
the equipment listed.




PROGRAM PLANNING WORKSHEET
Audible Warning Devices on Locomotives

Date: Prepared By:
Check
When
Completed Test Plan )

Determine the number of locomotives to be tested.
Determine when and where the measurements will be made.

ldentify by locomotive number the units to be tested.

s

Obtain permission to carry out measurements from responsible railroad official.

Instrumentation Checkout

Specify the instrumentation system required for the measurements.
Acquire the components of the instrumentation system,.

Check out and calibrate the instrumentation system.

Complete the instrumentation system inventory worksheet.

Pack the instrumentation system for shipment to the measurement site.

T

Check current weather conditions, reschedule test if necessary.

Test Site Setup

Check in with railroad official in charge of facility.

Complete measurement site qualification worksheet.

Unpack instrumentation system, checking agaoinst inventory worksheet.
Set up the instrumentation system and check components for domage.

Calibrate the system and report results on the field datae log.

NERRE

Complete the annotation on the tield data log.

Noise Measurements

Conduct noise measurements.
Record results on the field data leg.
Check calibration of the system and record results on the field data log.

]

Repack system for return shipment, referring to inventory checksheet.

Program Completion

Unpack instrumentation system; check for domage.

Docurment measurement program.

]

Figure 5-8. Sample Program Planning Worksheet.
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INSTRUMENTATION SYSTEM INVENTORY WORKSHEET
Audible Warning Devices on Locomotives

Date: Prepared By:
Location:
. Date of
INSTRUMENT Make | Model serial Last Check | geturn
0. Qut

Calibration

Sound Level Meter (SLM) ,

Microphone

Sound Leve! Calibrator

Wind Speed Measuring
Device

REQUIRED (*) AND RECOMMENDED ACCESSORIES Checkout Return

*  Microphone Windscreen

*  SLM Calibration Adjustment Tool (Screwdriver)
* Tripod

*  Tagpe Measure

Thermometer

Hygrometer
Watch
Extra Batteries

Duct Tape

Connecting Cables
Flashlight ‘
Weather Radio
Camera and Film
Ground Cloth
Earphones

Tools (screwdriver, pliers, etc.)

Figure 5-9. Sample Instrumentation System Inventory Worksheet,
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MEASUREMENT SITE QUALIFICATION WORKSHEET
Audible Warning Devices on Locomotives

Date: Prepared By:

Location: .

YES  NO

Have the test area clear-zone recommendations been met? S
Has the microphone elevation requirement been met? —
Will the ambient weather conditions permit noise emission tests? -
Wind Speed Below {2 mph? , —
Wind Gusts Below 20 mph? —

No precipitation condition met? e

Will the ambient sound level conditions permit noise emission tests?
Has a sketch been made of the measurement site?

Have photographs been taken of the measurement site?

Figure 5-10. Sample Measurement Site Qualification Worksheet.
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5.2.5.3 Instrumentation Setup

Upon arrival at the facility at which the testing is to be done, the roilrood official in charge should be
informed of the presence of the measurement personnel, Once at the test site, the instrumentation system
should be set up according to the manufacturer's instructions. The inventory worksheet should be referred to at
this time. The measurement site qualification should be verified, using the measurement site qualification
worksheet.

The sound [evel meter should be mounted on g fripod with the microphone at a level of 4 feet (1.2 meters)
above the ground. A windscreen should always be attoched to the microphone, The sound level meter may be
tilted to ollow egse of reading, and the microphone should be oriented according to manufocturer's instructions.
This is critical, since certain microphones {perpendicular incidence} are designed to be pointed directly at the
major noise source, other microphones (grazing incidence) are designed to be pointed ot right angles to the line
between the cbserver and the noise source, and still others {random incidence) are designed to be oriented in @
direction intermediate fo these two.

The operator should stand as far away from the meter as possible, consistent with his gbitity to make the
sound level readings easily. When possible, the microphone/preamplifier assembly should be mounted remote
fram the sound level meter so that there is less chance of the observer's affecting the measured data.

Care should be token to make sure that there is nothing between the microphone position and the sound
source which may interfere with the sound propogation. Nearby reflecting objects should be avoided. When
making source meagsurements, reflecting surfaces behind and to the sides of the source should be avoided.

The sound level meter should be celibreted by odjusting the meter to read the level generated by the
calibrator, according to the manufacturer’s instructions. This should be done prier ta the beginning of
measurements, and noted in the field data log.

A sketch shoyld be drawn of the measurement areg, which includes all audible noise sources and their
approximate location with respect to the measurement position. The location of all reflecting surfaces, barriers,
and other foctors that may affect the sound propagation, including wind direction, should also be noted on the
sketch. An exact scale map is not necessary, but a good representation of the areq, with distances to
outstanding landmarks indicated, is desirable. If o detailed map of the arec is available, the site grea should be
located on it. If possible, photographs of the area should be taken to show the noise source. A very effective
way to Bhotogrcph the site is to stand at the microphone position and toke o series of pictures which show the
full 360" view from that spot. It is also helpful to document the micropheone location by stepping behind the
microphone and taking a picture which shows the microphone as well as the sound source being measured.

A data log should be filled out at the beginning of each measurement.

A typical oudible warning device data iog sheet is shown in Figure 5-[1 and should contain the following
information:
Oescription of measurement location.
Date of measurements.
Name_of person performing the measurements,
Types, models, serial numbers, or other identification charocteristics for all instrumentation.

* & & 8 o

Barometric pressure, temperature, wind velocity, and relative humidity. (This information can be
measured directly or, in many cases, con be cbtcined from local weather radic stations.}

Results of calibration tests.
Measured levels and background levels.

Description of equipment under test.

Description of secondary noise sources.

A note pad should also be token into the field and used to write extensive notes detailing anything going on
which may have g bearing on the measurements or the interpretation of the data. Such incidents as loud
competing noise sources or other atypical events are examples of the type of information which should be
recorded.

5.2.5.4 Data Collection

The maximum noise level of the oudible warning device should be measured when it is sounded using normal
operating procedures. That is, the pressure, for a pneumatic device, or the voltage, for an electrical device,
should be adjusted to the value required by the operating procedures of the railroad. At least three soundings of
the device should be measurad at each of the two measurement positions (forward ond behind) and the results
recorded on the data log.

The bockground level of each position before and after eoch measurement sequence should also be
mecsured and the results recorded in the log. 0
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FIELD DATA LOG
Audible Warning Devices on Locomotives

Date: Prepared By:
Location:
EQUIPMENT:
Instrument Manufacturer Mode! Seria! No. Date of Last

Calibration

Sound Level Meter

Microphone

Calibrator

WEATHER CONDITIONS:

Time Wind Speed Direction Temp. Rel.Hmdty. Bar.Pres.

Pre-Test

Post-Test

CALIBRATION: Calibrator Level: dB; Colibrator Frequency: _

Hz

Time

Sound Leve!

BACKGROUND LEVEL:

Time

A-Weighted
Sound Level

Figure 5-11. Sample Field Data Log.
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T

FIELD DATA LOG (Continved)
Audible Warning Devices on Locomotives

AUDIBLE WARNING DEVICE PARAMETERS AND LEVELS:

Time Locomotive Warning Device Sound Level

RR No. Manufacturer Model Forward | Behind*

Comments

* For Bi-Directional Locomotives.

OTHER NOISE SOURCES:

REMARKS:

- SKETCH OF SITE GEOMETRY:

Z—>

Figure 5-11 (Concluded).
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5.2.6 Data Base

At present there is no published data base of sound levels from oudible warning devices on locormotives,

5.2.7 [ Noise Augmentation Proceduresw

If the measured sound level is below the minimum requirement, the oudible warning device should be
checked to ensure thet nothing is blocking the path of the emitted sound. f it is a pneumatic device, the
pressure and volume of drive cir should be checked to ensure that they meet monufocturer's standards. |f these
are within the proper range, the diaphrogms of the individual chimes should be inspected for damage. If the
device is electrical, the veltoge and current drow should be measured ond compared to the manufacturer's
specifications. If these are within the proper range, the trensducing element which produces the sound should be
inspected for damage.

REFERENCES FOR CHAPTER §

l. "Railrood Noise Enforcement Monual," U.S. Department of Transportation, Federal Roilroad Administra-
tion, August 1978,

2,  Dota supplied by the Office of Sofety, Federal Railrood Administration, 400 Seventh Street, S.W.,
Washington, D.C. 205%0.
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APPENDIX A
Glossar y

This appendix contains brief definitions of the technical terms contained in present federa! roilrood noise
standards and regulations. Both ocoustic and nen-ocoustic terms are included. For the ocoustic terms, the
numbers of the sections in the text in which the concept is more fully explained are included in parentheses ot
the end of each definition. For the non-ocoustic terms, a reference to the cppropriate page number in the

Federal Register is provided.

A-Weighted Sound Leve! (LA)_: A weighted decibe! summation of all of the frequency components in the
spectrum of the sound, the weighting functions being chosen to simulate the sensitivity of the human
ear 10 each frequency. (2.1.7.)

Adjusted Average Maximum A-Weighted Sound Leve! {Lodj.ave.max.): The ocoustic metric for car-coupling
impocts and car refarders. (4.2.2.}

Ambient Sound Level: The sound level attributable to all non-distinguishableé sources in the cbsence of
identifiable intrusive sounds ~ approximated by Leg. (2.2.2.7.)

Audible Warning Device: A sound-emitting device used to alert and warn people of the presence of railroad
equipment. (45 FR |264.)

Bockground Sound Level: As used in these regulctions shall mean: The instantoneous A-weighted sound jevel
cbserved prior to and following o measured railrood noise event, (45 FR [263.)

Car Coupling Sound: A sound which is heard and identified by the observer as that of cor coupling impact, and
that couses a sound leve| meter indicator having fast dynamic response characteristics to register an
2ncr;cse of at leost ten decibels cbove the leve! observed immediately before hearing the sound.
45 FR [263.)

Carrier: A common carrier by railroad, or partly by railrood ond partly by water, within the continental United
Stotes, subject 10 the Interstate Commerce Act, as amended, excluding street, suburban, and interurban
electric roilways unless operoted as o part of o general railroad system of transportation. (45 FR {263.)

Commercial Property: Any property that is normally accessible to the public and that is used for any of the
purposes described in the following stondard lond-use codes (reference Stondard Lond-Use Coding
Manual, U.5. DOT/FHWA, Washingten, D.C., reprinted March 1977} -

53-59: Retail Trade;

€1-64: Finance, Insurance, Real Estate, Personal, Business, ond Repair Services;
£52-£59;: Legal and other professional services;

671, 672, ond 673: Government Services;

692 and 699: Welfare, Charitable, and Other Miscellaneous Services;

712 and 719: Nature Exhibitions and Other Cultural Activities;

721, 723, ond 729: Entertainment, Public, and Other Public Assembly; and
74~79: Recreational, Resort, Park, and Other Cultural Activities.

(4S5 FR 1263.)

Caontinuvous Naoise: Any sound with a rise time of more than 35 milliseconds to peck intensity and a duration of
more than 500 mitliseconds to the time when the level is 20 dB below the peak. (45 FR 21117.)

dB(A): An abbreviation meanirg A-weighted sound level in decibels, referenced to 20 micropascals. {2.1.7.)
Day-Night Sound Level (L4y): The 24-hour time-of-day weighted equivalent sound level, in decibels, for any

continbous 24-hour period, obtained after oddition of ten decibels to sound levels produced in the hours
from 10 p.m. to 7 a.m. {2.1.8.3.)

Decibel (dB): The unit measure of sound level calculated by taking ten times the common logarithm of the ratio
of the squared-pressure of the particular sound to the squared-pressure of a standard reference sound.
Usually a reference sound having a sound pressure of 20 micropascals is used. (2.1.3.)

Dose: See "Noise Dose.”

Dose-Equivalent Level: The level of the constant sound that would, in o given time period, contribute to the
environment the some noise dose as did the actual time-varying sound. (2.1.8.4.)

Eight-Hour Time Weighted Averoge (TWA) Level: An alternate terminalogy for “dose-equivalent level.”
(G5 FRZITT7)
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Energy-Average Level: Ten times the commeon logarithm of the arithmetic averoge of the antilogarithms of one-
tenth of each of the levels being averaged. {2.1.8.2.)

Energy-Equivalent Sound Level (L__): The level of the constent sound that would, in a given time period,
confribute fo the environment the same A-weighted acoustic energy os did the actual time-varying
sound. )I? is equal to the energy-averoge levei of the sound levels occurring in the time peried.
(2.1.8.2.

Equivalent Steady-State Sound Level: See "Equivalent Sound Level.”

Equivalent Sound Level: A term generally used to mean energy-equivalent sound level.

Exceedance Percentile Sound Level (L,): The A-weighted sound level in decibels that is exceeded for a stated
percentage (x) of the duration of the measurement pericd (i.e., L|0’ LSO)' (2.18.1.)

Fast Meter Response: Sound level meter dynamic characteristics which comply with Paragraph 5.3 of the
American Nationa!l Standard Specification for Sound Lavel Meters ANSES1.4-1971. (2.1.2))

Idle: That candition where gll engines capable of providing motive power to the locomotive are set at the lowest
operating throttle position; and where all auxiliary non-mative power engines are not operating.
(45 FR 1268,)

Load Cells A device external to the locomotive, of high electrical resistance, used in locomotive testing to
simulate engine loading while the locomotive is stationary. Electrical energy produced by the diesel
generator is dissipated in the lood cell resistors instead of the traction motors, {4.1.)

Locomotive: A self-propelled vehicle designed for ond used on railroad tracks in the tronsport or rail cars,
including selfpropelled rail passenger vehicles. {45 FR 1264.)

Locomotive Consist: Two or more locomotives coupled together.

Locomotive Load Cell Test Stand: The load cell and associated structure, equipment, trackoge, and locomotive
being fested, (45 FR 1264.)

Maxirmum Sound Level (Ly,o,): The greatest A-weighted sound level in decibels measured during the designated
time interval or during the event, (45 FR 1264.)

Measurement Period: A continuous period of time during which moise of railrood yard operations is assessed, the
beginning and finishing times of which may be selected after completion of the meagsurements,
(45 FR 1264.)

Noise Dose: A measure of the noise exposure received in o given acoustic environment. It is defined as the
summation of the raotios of the actual time spent at eoch A-weighted sound level to the allowed time at
that level. (2.1.8.4,)

Rail Car: A non-selfpropelled vehicle designed for and used on railroad tracks, (45 FR 1264.)

Railrogd: All the roods in use by any common carrier operating q railrood, whether owned or operated under a
controct, agreement, or lease. {45 FR |264.)

Receiving Property Measurement Location: A location on receiving property that is on or bevond the railroad
facility boundary ond fhat meets the receiving property measurement location criteria. (45 FR t264.)

Receiving Property: Any residenticl or commercial property that receives the sound from railroad facility
operations, but that is not owned or cperated by a railroad; except that occupied residences located on
property owned or controlled by the railroad are included in the definition of "receiving property®. For
purposes of this definition railtoed crew sleeping quarters located on property owned or controlled by
the railroad are not considered as residences, (45 FR 1264.)

Residential Property: Any property that is used for any of the purposes described in the following standard land-
use codes {reference Standard Land-Use Coding Manual, U.S. DOT/FHWA, Washington, D.C., reprinted
March 977} -
e |: Residential;
e 651: Medicol and Other Heglth Services;
o 63!: Religious Activities; and
e 71{: Cultural Activities.

(45 FR 1264.)

Retarder {Active): A device or system for decelerating roiling rail cars ond controlling the degree of
deceleration on a car-by-car basis. (45 FR 1263.)
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Retarder {Inert): A device for holding rail cars in place along classification tracks in which the brake shoes ore
spring octivated by the weight of the rail car. (4.2}

Retarder Sound: A sound which is heard and ideniified by the observer as thot of a retarder, and thot couses o
sound level meter indicator having fast dynamic response charocteristics to register an increase of at
least ten decibels above the leve! observed immediately before hearing the sound. (45 FR 1263.)

Slow Meter Response: Sound level meter dvnamic characteristics which comply with Paragraph 5.4 of the
American Natienal Standard Specification for Sound Leve! Meters ANSE 51.4-1971, (2.1.2.)

Sound Exposure Level: The energy-equivalent sound level corresponding to the sound Jevels measured over a
given fime period. (45 FR |264,)

Sound Pressure Level {L): Ten times the common logarithm of the ratio of the squared-pressure of the particular
sound to the squeored-pressure of o standerd reference sound. The standord reference pressure is
generally 20 micropascals. {2.1.3.)

Special Purpose Equipment: Maintenance-of-way equipment which may be located on or operated from rail cors
including: Bollast cribbing mochines, ballast regulators, conditioners and scarifiers, bolt machines,
brush cutters, compoctors, concrete mixers, crones and derricks, eorth-boring machines, electric
welding machines, grinders, grouters, pile drivers, roil heaters, rail layers, sondblasters, and other types
of such maintenance-of-way equipment, (45 FR 1263.)

Speciol Track Worle Track other thon normal tie ond ballost bolted or welded rail or containing devices such as
retarders of switching mechanisms. (45 FR 1263.)

Statistical Sound Leve! (L, ): See "Exceedarce Percentile Sound Level,”

Switcher Locomotive: Any locomotive designated as ¢ switcher by the builder or reported to the ICC as e
switcher by the opergtor-owning railrood ond including, but not limited to, olt locomotives of the
builder/mode! designations listed in Tables 3-2 or 4-2 in the text. (3.1.1.1, 41110

Time-Weighted Averoge (TWA): See "Eight-Hour Time-Weighted Average Level."
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APPENDIX 8
Software For Progromemable Caleulators

This appendix contains three programs, written for portable programmable calculctors, which perform
various operations described in Section 2, Eoch progrom is presenied in two versions:

o Reverse Polish Notation (RPN) such as is used in Hewlett-Packard (HP) calevlators, and

e Algebraic Nototion such as is used in Texos Instrument (T1) calculotors.

The programs below are written in longuages specific to the HP-25 and Ti 58/59 progrommable colcuiotor
models. They con easily be aodapted for all other programmable calculator models of these and other
monufacturers. In these progroms, O stonds for the letter "O" while J stonds for the numercl zero,

Decibe! Addition ond Subtroction

The sum of two levels, L'l ond Ly, is given by:

L /16 Ly/to
Lyym = 10005, (10 + 10

sum

and the difference, with l.l > L2 , is given by:

[ L,/10 LGo]
Lait = 10legye L0 7~ - 10

Programs to occomplisH these opergtions are:

Reverse Polish Notation (HP-25) Algebraic Nototion (T1 58/59)
i. ENTER 5. + 0. + 8. R/S 16. LOG
2.1 10. 19* i1 9, + 17. x
+ for sum
3.0 L Y erence 2.4 10, 1 18, |
4. STO @ 12. LOG 3 = 1. 9 19, ¢
5 + 13. RCL ¢ 4, 1NV 12, ) 20, =
6. 1¢* 16, x : 5 LOG 13. INV 21. R/S
+ for sum
7. R/S 15, RIS 6t s e A LOG
8. RCLO 7.{ 15, =
OPERATION:

e Reset calculator to start of program.
® Keyin L, ondpress R/S,
o When calculator completes its initial calculation, key in LZ ond press R/S.

o Final display is Loom o Laip
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Energy-Equivalent Sound Level

The energy-squivalent sound level corresponding to a set of N Instantaneous sound levels (L I'LZ' ey LN) i

given by:
(L0 Lo LN/IO)
Leq:IOIog'o—N-IO + 10 + ...+ 10

In the programs below, sound levels are continuously entered until o negative number is encountered, at which
time the value of Leq is displayed. -

Reverse Polish Notation (HP-25) Algebraic Notation (T1 58/59)
t. CLEAR REG . + 0. = 10. 2 20. RCL
2.1 12. 19* L. 19 {1. RCL 2t. 92
.9 13. Y+ 2 = i2. 92 22, =
4, ENTER : 14, GTO @7 3. INV 13. R/S 23. LOG
5. 5TO@ 15, % 4 LOG 14, RST 24, X
6. — 6. LOG 5. SUM I15. LBL 25. 19
7. R/S 17. RCL O & 91 16. E 26. =
8. x<§ 18. x 7. CLR 17. RCL 27. R/S
9. GTO 15 19. R/S 8. 1| 8. 91
10. RCL ¢ 9. 5UM 19, +
OPERATION:
HP-25 Ti 58159

& Raset calculator to start q;.»f program. ¢ Reset calculator to start of program.

e Press R/S. ¢ Clecr mermories (CMs).

e When § is displayed, enter first level o When § is displayed, enter first level
and press R/S . and press R/S.

e When ! is dispioyed, enter second level » When | is disployed, enter second levet
and press R/S. and press R/S.

» When 2 is displayed, enter third level e When 2 is displayed, enter third level
and press R/S. and press R/S.

e Continue entering l::vels until all N have o Continue entering levels until all N have
been entered. been entered.

s When N is disployed, enter -1 ond press R/S. e When N is displayed, press E .

e Fina! display is Leq . e Final display is Leq .
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Day-Night Sound Leve!

The day-night sound level is given by:
Ly/10 (L, + 10/10
Lin = 101og)q 15/24 x 10 + | 9/24 x [0

where l_d is the energy-equivaient doytime (0700-2200) seund level, ond

L,, is the energy-equivalent nighttime (2200-0700) sound level.

Reverse Polish Notation (HP-25) Algebraic Notation (TI SR59)
o1 16, » - 0. ( 1+ 28. )
2.0 15. RCL ¢ o 5.0 29 INV
3. 5TO4 16, -+ 2.1 16. 9 3. LOG
4, | 17. 1% 3.5 I7. x 30.)
55 18. x b4 x 18. ¢ 32.)

6. R/S 19, + 5. 19. ( 33+
7. RCL G 20. 2 6. R/S 20. R/S 3, 2
8 + 2. 4 ‘ 1.+ 21, + 354
5. 1g* 2 + 8. 1 22, 1 3%. =
10. x 23, LOG 3.0 23. 9 37. LOG
1. 9 24. RCL Y 10. ) 24, ) 38. x
12. R/S 25, x . INV 5. + 9. 1
13. RCL ¢ 26. R/S 12 LOG  26. | 40. ¢

13.) 27. ¢ 4l =
42. R/S
OPERATION:

e Reset calculater to stort of program,

e Press R/S.

¢ When number "I5" is displayed, key in Ly and press R/S.
s When number "9" is displayed, key in L and press R/S.

o Final display is l'ch'
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APPENDIX C _
Railrood Noise Requlations in the Federal Register

This appendix contains reproductions from the Federal Register of the roilrood noise reguluhons discussed
in the text along with the introductory preambles for each fingl rule.

The first reproduction is of CFR Part 210 — Railroad Noise Emission Compliance Regulations as issued by
the Federal Railroad Administration on August 27, 1977 (42 FR 42343) in response fo the locomotive ond railroad
nolse emission regulation issued by the Environmental Protection Agency on December 31, 1976 (41 FR 2184).
These compliance regulations shoutd be updated by FRA in the near future to reflect the.interstate rail carrier
noise emission standards issued by the EPA on Jonuary 4, 1980 (45 FR 1232).

The second reproduction is of ihe noise control portion of CFR Part 228 — Hours of Service of Railroed
Employees as issued by the FRA on July I8, 1978, and July 19, 1978 {43 FR 30803 and 43 FR 31006).

The third reproduction is of CFR Port 201 — Noise Emission Standards For Transportation Equipment;
Interstate Rail Carriers os issved by the EPA on January 4, [980 (45 FR 1252,

-

The final reproduction is of the noise control portions of CFR Part 229 — Railroad Locomotive Sofety
Standards as issved by the FRA on March 31, [980 (45 FR 21092),
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Title 49—Transportation

CHAPTER l—FEDERAL RAILRCAD ADMIN-
ISTRATION, DEPARTMENT OF TRANS-
PORTATION

|Docket RNE-1 Notice 1]

PART 210—RAILROAD NOISE EMISSION
© COMPLIANCE REGULATIONS

AGENCY: Federal Rallroad Admintys
tration, DOT.

ACTION: Final rule.

SUMMARY: This rule sets forth proce-
dures {0 insure complance with the nolse

C-2

amission " standards prescribed by the
Eavironmental Protection Agency (EPA)
for lowmouvas and rall cars (40 CPR
N1).

EPFECTIVE DATE: Ocmber 1, 1972

FOR PURTHER INFORMATION CON-
TACT: -

. Prmclm.l Programn Person: Paflip J.
Brannigan, Om of Salety, 202426~
8826,

Frincipal Attorney: Anne-Marie Hy.
mgmce af the Chief Counsel, 203-

Frxamination of written comments: Al
written comments received in this pro-
ceeding are avallable for examination, i
“the public docket RNE-], durlng regular
business hours In Room 5101, Nessiff
Bullding, 400 Seventh Street SW., Wash-
ingten, D.C.

SUPPLEMENTARY INFORMATION:
Qun November 8, 1878, FRA published &
potice of proposed rulemaking (NFPRM,
4] FR 19183) geiting forth Droposed pro-
cedures (o assure compliance with the
EPA Railroad Nolse Emission Standards
(“EPA slandards”, 40 CFR 201). As
stated In the proposed rule, the EPA
standards were published by the EPA an
Joepusary 14, 1976 (41 FR 2184), They be-
came effective on December 31, 1578,
Both the Standards and these compli-
ance regulations are issued pursuant to
section 17 of the Nolse Control Act af
1972 *“(Nolse Control Act)" (86 Stat

. 1248, 42U.8.C. 4616). In the development

of this final rule, consultations were
conducted with EPA ag required by
section 17(b) of the Noisse Control Act.

FRA has received {an comments on the
proposed rule, each of which urged rg-
nificant charges. As & result af these
comments, a number of changes have
been made. A suwnmary of the comments
and FRA's responses follows, .

Duscrasion or Mavor Conmewes
PRILDMINARY ISSULS

Time to Comment. Two commenters
staled that the comment period was too
short to complete detaflad analysls of
cerlaln, provisions snd noted that they
reserved the right to comment further,
FRA provided the 45 day comment pe-
riod which L5 established by Department
of Transportation policy as the mini-
mum time far comment on an NPRM.
Eecause of the effective date of the EPA
standards, FRA was unable 10 provide a
more lengthly comment period. Two come-
ments that were received after the close
of the commment period were reviewed
and have teen consicered fully. FRA'S
genera! rules of practice provide pro-
cedures for petitions for reconsideration
25 well as petitions for walver or amend-
ment of any rule {ssued by FRA (See 48
CFR 211, 41 FR S4181 (Dec. 13, 1976)).
These edditional procedures provide any
Interested party with the opporiunity to
express views as 1o the appropriatensss
of any FRA regulation, or the need for
emendment or revision of any such reg-
uletion.
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Infclionary Impact and Regulatory
Analysis, Two commenters cohilended
that FRA oS required to {ssue an infla-
tionary impact statement for the pro-
posed rule under Executive Order 11821,
©fice of Managemen! and Budget Circu-
lar No. A-107, and DOT Order 20504,
The NPRM (at 41 FR 42185) stated that
the {nfiztionary impact had been con-
sidered pursuant to Executlve Order
11821, It wes determnined that the addl-
tonal {mpact resuiting from the pro-
posed procedures wouwd not be so casdy
as Lo reach the $50 million threshold that
determines what actions are W be con-
sidered “major preposals” requiring In-
fiationary impact evaluation The major
complaint raised by these commenters
concerned tesiing for compliance with
the stationary locomotive noise emission
standard by use of & load cell as pre.
scribed in the EPA standards (40 CFR
201.11 and Subpart C to 40 CTR 201).
The requirement tha: locomotives be
capablc of operating wilthin the pre-
scribed decibe! limita when connected to
a load cell, and the measurement nstru-
mentation, acoustical environtent, and
procedures which are to be used in de-
termining such compliance have been
established by the EPA. The FRA does
not have the autherity to slter any of
these requirernents. Several of the com-
menters have raised issues relsted 0
thelr abllity to comply with the measure-
ment criteria for conducting the load cell
test. It was noted that many carriers do
not presently have joad cell facilitjes,
and that the Jocation of the majority of
the losd cells on those carriers that do
heve such faciiities w1l not permit noise
measurement in ‘accordance with the
measurement criteris established by
EPA, These comments hive ralsed sev-
eral difficult Lusues which FRA has re-
viewed and contidered tn detall. Ale
though this sgency does not have the
sutherily to alier any provisions of the
EPA standards, in developlng thls final
rule we have atlempled to define & regu-
lation which will insure compliance with
the EPA standards withoul plazing un-
reasonable or costly additional burdens
onrallroads If existing load cell sites will
not permit testing for comrpliance with
the requirements prescribed by the EPA
without substantial and cosily modifj-
cation, that {ssue should be sddressed to
EPA. FRA will provide the sppropriate
official of that agency with coples of the
relevant comments submitted in this

oceeding.

Pr . .

Orne commenter also conlended that a
regulatory analysis waz required under
the policy statement of the Secretary of
Transportation published April 16, 1978
(41 FR 16200). Since the {ssuance of this
rule is specifically required by section 17
of the Noise Control Act, the compre-
hensive regulstory impaci evelustion

" pormally required of all ‘proposed rule- .

msking actions undertaken by agencles
Comprising the Department of Trans-
Portation is not required by the Secre-
tary's policles {n this case.

Nevertheless, FRA feels ‘kat an ap-
pronriate aprllication of the Secretary's
-poh'cies In this cuse s to ascess the rela-
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tive costs of alternative means of schiev-
ing the resulls conlemplaled by the
statute in an effort Lo develop an effec-
tive snd reasornsble implementing regu-
lation. FRA believes that, as a result of
changes made In response to the com-
ments recelved {n this proceeding, the
final rule (ssued herein will ensure efec-
tive enforcement of the EPA standards
without Imposing on the raflrosd indus-
try unreasorable costs in excess of the
minimym costs necessary to comply
with the statutory intant. -
Environmentcl Impact. One commen-
ter also contended that an environmen-

of thelr own, but they do no? have the
capacity or capabllity to repalr and
maintain the comparatively large num-
ber of cars Involved in their interchange
operstions. A similar problem—lack of
capsbility or adequate capacity o per-
form repalrs on potentially large num.
bers of cars—exists wilth many short line
railroads, In holding the operalor, rather
than the owner, responsible for compli-
ance with the EPA standards, { was the
intent of FRA to utilize present rallrosd
industry practices concerning the repalr
of defective equipment.

Currently, when defects are found

tal impact statement is required under Under the Freight Car Safety Standards
the National Environmental Pollcy Act ©f other safety regulations. repelrs usu-
(NEPA), 42 USC 4332(2) (¢). NEPA re- &lly are msde by the operating rallroad,

quires environmental impact statements Ihe car owner ls then billed for the re-
on all proposals for “major Federsl ac- © pairof defects that are not “handling itne

Hons significantly afecting the human
environment™. The Administralor has
determined thet this rule making s not
& mejor Federal action since the rule
only prescribes additional compliance
procedures 1o assure compilance with
the substantive requirements of the EPA
standsrds. In the issuarce of those
standards, the EPA has considered the
envircnmenta! {mpsets of the overall
railroed poise emission program.

EPA Standards. EPA suggested that
the preamble of the fina!l rule showd
clearly state that the EPA standards do
Dot require that jocomotive consists be
compased entirely of locomotlives manu-
factured either before 1584 or aftar 197§,
EPA also suggested that the preamble
should state clearly that the EPA stand.
ards do not apply to wammning. devices
when operated for the purpose of safety.
FRA belfeves that the wording of section
ﬂo.m)(z) adequately addresses this

ue. :

SECTION DY SECTION AMALYRIS

caused”. In those cases {n which cormecs
tion of the defect would involve exten-
sive repalrs to the rafl car, alternative
procedures can be used (o return the
equipment to Its “home shop™ for repalrs.

This eystem recognizes the nalure of
the rail car fleet which operates on the
principle of free Interchange of rallroad
cars among carriers. In addition. it sa-
sures the eBcient relght car utillzation
which would be impocsible if defective
equipment had o be returned to ita
owner each time even minor repairs sre
tequired. The FRA belleves (hat the use
of this system for the repair and ban-
dling of noise defective equipment s the
only practical approach to the enforca-
ment of the EPA standards. Some relief
may be provided by the procedurs: es-
tablished under § 2109 for the movement
of noise defactive equipment. I acar
discovered to be defective while being
opersted by an industrial ralirosd of
short line carTier thal does oot have the
repalr facilities necessary to correct the
defect, the car may be moved to the
-pext forward location where the nolse

#2103 can be eliminated

Some question appears to have srisen Must noise defective eguipmen! be
a3 to the scope of applicabllity of these slopped en route for {nspection? Ooe
noise compliance rules. These rules are commenter suggested clarification of
Intended to be coextensive with the EPA  whether the rule would require imme-
standards and the Act. The scope of the dfate stopping for Inspection whenever
EPA standards encompasses all common  the ralirosd has notice that & passby
carriers by rallroad, or partly by rail. test has shown & molse emissiovn in ex-

‘road and partly by water, within the cess of the EPA standards. Stopplng

continental Unjled States that are syb- trains en route entalls an unreascrable
Ject o the Interstate Commerce Act interference wilh inierslale commerce
Locomotives and rall cars used in tn. and also could result in safely prodierns
dustrial railrosd operstions that are that FRA believes would be more serious
conducted solely within an ipdustrial than the continued excessive nolse emia-
complex would not be subject to these sion untll the train reaches the next
ruies. The FRA does not have the au- polnt where it is inspected in the normal
thority to limit the applicability of the course of operations. Section 21025()
EPA standsrds, and cannot except apy (3) of the final rule prevides that tnspec.
cperptions that are common carrier op~-: tions on the basls of 8 passhby les! are

erations subject to the Interstate Com- 'O be performed at the next recognized
{nspection point, which would Include an

inftial terminal, terminal, interchange,
500-mile, or c¢rew change inspection

point.
}2168(a)

Where must rnolse defective squipment
be repaired? Five commenters objeciad to
the proposed restriction alowing nolse
defective eguipment o be moved only
10 the pearest jocatlon where the noise
defect can beellminated, contending that
it was ur.duly burdensome and unclear.

Mmerce Act. Section 2103 has been
amended to refiect the statutory scope

of applicability of the EPA standards,
. 12187 :
Who thould be respansible for com-
plicrce? Three commenters recom-

mended that an Industrial railrosd not
be required to repair of remove from
service noise defective equipment belong-
ing to another rellrgad. The commentars

operate and mialnisln some equpment
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They cotad that the procedure for mos-
tng cars with safety defects under the
Preight Car Safely Standards s less
restnctive, ‘
PRA believes that it i3 ressonadle ta
allow poise defective equipment to be
moved In & defective cordition 1o the
pext forward facflity where repeirs can
be made. The suthority for such move-
ment & fimOar w0 that sdoptad when &
highly visible rear end marking device
becomes inoperative (s2e 49 CFR 221.17
(x), 42 PR 2321, Janumry 11 1977 and
© thet included in & recent potice of pro-
rulemaiking governing movement
o s locomotive with an inoperalive wheel
glip/slide indicstor (see 42 FR 29%¢,
Jasumry 14, 1877) . This provision assures
et movement of railroed equipment
will not be impeded by & requiremernt to
et out defective oars 5o as to move them
to a closer repalr point in the opposite
direction. Nevertheless, since the rule
prescribes the maximum distance defecs
tive equipment may be moved, » carTier
alw would have the option of moving
the defective equipment to 8 closer fa-
ity to the rear. As sdopted, the au-
tority for movement of noise defective
squipment {s somewhat more restrictive
than the authority for movement of de-
fective squipment under the Freight Car
Bef{sty S:andards (49 CFR 215). Under
thase standards a defective car could be
tagyed and sent o ite “home shop for
repairy”, The more restrictive limitation
tn this rule is needed to minimize the
polse npact after & violation of the EPA
standards 18 found, We wish to point out
that, consistent with the safety rules,
movement to the home shop would be
allowed after correction of the polse de-
{oct. Since equipment maintained in so~
cordance with the Freight Car Safety
Btsndards or the Locomotive Inspeciion
rules alvw should comply with the nolse
sandards, FRA believes thiat very few
nolse defects which are not also safety
Sefects will be found. Accordingly, this
Tule generally s not expected to impose
$ significant added burden upon even
&7 small repatr faciities.

Should nolse defective equipment be
trupected before movement for repairst
Teo commenters objected to the pro-
posed requiremnent for an equipment ine
soection before the notse defective equip=-
ment is movad to the repalr site. They
stated that the requirement could se.
#ously disrupt rafllroad operations bee
cause movement could not be made un-
$C after the inspection of esch plece of
equipreent suspected of being noise de-
fective.

One of the commenters contended that
R s tNegal for FRA {0 require any inspec-
tlon under this part on the basis of safe-
r tonsiderations. ‘The commenter ar-
fued that [n fact there {s ho connection
betwcen potse and safety defects, that
@pkrt& intended by Ils reference (o the
a-?tr statutes [n section 17 of the Nolse

nirel Act solely to provide for the use
of available machinery te enforce com-
Pliance, and that EPA did not contema
Dht‘e that compliance with {ts standards
¥ould cause any additional maintenance
durden. Both comumenters contended

RULES AND REGULATIONS

that sn inspection requirement {5 um-
Decessary. The first cootended thet
polse oflen comes from conditions with
1o safety consequence, and if there s
in fact 8 salety defect it would have besn
found and corrected under the equip-
meant safely rules, 4% CTR 215 and 230.
The second stated that its current prac-
tees would assure safety. The comment-
er lostructs its employees to observe
paussing tralns and report anything un-
umral, and i requires car inspections st
tach terminal and interchange. .
The requirement for an inspection pre=
scribed {n this section Is within the au-
thority of FRA, based on the need W
avoid exposure to possible safety prob-
lems as well as unlawful noise emissions.
We disagree with tha assertion that s
polse violation does not imply existence
of a safety problem. Certalnly, there sre s
number of possthie nonsafety-relatad
causes for & sound level measurement
above those prescribed In the EPA stand-
ards. Bowever, the EPA standards were
establishead after consideration of noise
emission levels emitted by properly matn-
tained equipment. Therelors, a measure-
ment showing a nolse emission in excess
of the EPA standard indicates a possible
safety problem may be present also. Even
if equipment is maintained in accordance
with "the safety rules, there is no cer-
tainty that the previous fspeckon un-
covered every problem or that a safety
defect did not devalop after the inspec-
tion. FRA belieyes that this inspection Is
pecessary in the Intarests of raflroad
safety and the safety of the opersting
crew. In addition, the (nspectica is also
intended to identily the sources of excess
noise emissions for corrective action. A
prompt. systematic, thorough inspection
is necessary for thal purpose alone.
Who should perform the inspection omn
noise defeclive equipment? Two other
comroentars argued that & person desig-
nated o inspect and test for nolse defects
{3 not the appropriate person W perform
the Inspection required under section
210.3 since the primary purpose of that
{nspection is (o assure the salety of
movement {0 the repair site, )
The FRA agrees with -these com-
menters, and has eliminated {he refer.
ence to & person designated to inspect
for nolss defects. The railroad's duty un-
der this provision is to delermine that
the equipment Is safe to move to the re=
palr peint. Such & determination may be
made by any rallroad personnel avail-
sble at the location where the raflroad
Teceives notice of the noise defect It
should be noted, however, that, if such
an inspection involving equipment cov-
ered by the Fre{ght Car Safety Stand.
ards (49 CFR 215) results in the identifl-
cation of & defective component as de-
fined In those standards, further move~
ment of that equipment wil also be gov.
erned by |213.9 of title 48 of (he Code of
Federal Regulations, .
§210.15
Section 210.15 of the proposed rule re.
quired each rallrcad that cperates equip.
ment to which the EPA standards apply
to designate persons quailfied to (nspect

. 42345

and test locormotives and rall cars for
noise defects. The primary purpose for
this desigrnation was the need to identify
those rallroad employees who were to
perform the (nspection required under
$2109 above and jhe load cell fest re-
quired yunder $21031(g) of the NPRM.
As stated earlier, on reconsiderstion,
FRA hss determined that the designation
of specific rafiroad personnef under 2109,
Lo perform the (nspection prior to move-
ment of noise defective equipment, is un-
necassary. In addition, as a result of the
comments submitted oconcerning the
present load cell factlities, and thetr tn-
appropriate locations for eonducting
poise tests as specified (n the EPA stand-
ards, FRA has decided to eliminate the
requirement that a locomotive be sub-
jected to & nolse test each time  bs sOb-
jected to a load cell tast for whatever
reason. Furthermore, it is the responsi-
bility of the milroad to assure that
equipment that it is operating is main.
tained {n & manner which will asvure
compliance with the EPA stacdards
Similar noise compliahce regulations me
sued ynder parallel provisions of the Act
governing motor carrier operntions (sec-
tion 14 of the Act) do noi require the
designation of specialized “noise control”
personnel (see 49 CFR 325). DOT has
not experienced enforcement problems
due to any lack of such a designation In
the motor carrier area, and does not ex-
pect the experience to differ significantly
in the railroad area. Therefcre, Lhe re-
quirement for the designation of quali-
fied rallrond persons undar section 21018
of the NPRM has been eliminated from
this final rule.
21037

Section 210.17 of the proposed rule
required that State agencies wishing o
participate in the enforcement of the
EPA standards must designate qualifisd
personnel who must be spproved by
FRA prior o the corunencenent of ¢h.
forcement sctivities. This provision ree
mains in the finsl regulation with slight
modifications,

The purpese of such 1 provision is to
entourage Statss to participate {n the
Federal raflroad nolse contro! progmam
and thus minimize {ntarference with the
flow of Interstate cornmercs. State and
local governments may, under section

"174(¢) (1) of the Noise Control Act, enact

and enforce their own standards {dentle
cal to the Federal standards. DOT,
bowever, encourages them to insiead ene
force the Federal standards by avalling
themselves of the provisions of §210.17
of this regulaton. To the extent State
and local governments choose to enforce
the Federal standards, enforcement of
nolse standards on rall cars and Jlocomo=
tives will be limited to certain designated
and qualified State or local governments
officials, all of whom will follow the same
rules contained {n these regulations.

To {urther Insure egalnst unreason-
able {nterferences with interstate com-
merce, §210.25(c)(3) has been revised
in this final rule to provide specifically
that government [nspectors enforcing
the Federal standard may perform. of
request the rafiroad to perform, Inspec-
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tions Bod, o Wels prearihed othis e
only &! recogT.ofl iz UsD pilnl or
scheduied S0P g pinis Trwn move-

ments roas nel under these reguistions,
be required 1o siop At other locations en
route on Wie bmeu of Am excessive nolse
Emission noted o e random pesshy WL

Eow does Slcte parficipciion in notse
enforcemnen! differ from the FREA Siate
Participalion Proprem? From sgeversl
commelis subgiiiied I response to the
NPRM It appesrt thal (here & some ¢OLi-
fusiop between State partictpation i the
enforcement of the EPA standerds and
in the FRA “State Pririicipation Pro-
gram” under section 206 of (he Federn!
Rairas? Salely Act of 1870 (&4 Stat.
$72, 45 TS C. 425 and the regulstions
contalned (n 46 CFR 212,

The Fedlera nel: %2 Solety At pre-
vides for & prigram of Sale panicips-
tion In the invesiigaiye aud surveillance
activisies presemtd by the Adminstii-
tor for the enforcement of raliroed safsty
regulniicns lssued under Llat Act Fed-
for uy w 50 pexent of e

ere! gran :
State's zosle for such aciiviles pre auso
provided. The rules esiabisned In this

part are issued under the Nelse Controd
Act and the Serelar s authority under
the Safelr Appuance Acls the Intersiate
Comrerce At andéd the Demu-tment of
Transpoal,on Act ar provided in sec-
tion 17 of the Nose Conurol Act Trerss
fore, the rules and regiistions governin
the Stete Puriicimalion Program fef
rallroad safery do pol apply o coise
ecforeanent aitivities widerlaken by s
Stale under this pert In order 2 avoid
her confusicn of the two DragvRTS.

£210.17 has beor, redrafisd W ellminate
languzge referming we “party
addition, the scope of anplica
section has ben expanded Lo Intly
only Siate bul alw Jocal jurisdiztions
that wisk o enforot the Federn! Ral-
rosd Nolse Drniavion Standsrds

How shouid Stcle iloeadi incpeclors be
{dent:fled? One commmenier slited Wl
approved Siate Lospeciors shoud be re-
Quired 1o carry sp.rupriale credentiald
80 (het sccess 10 railroad propertiy mAY
not be derled on the basis 0f ihe ack of
Smte authorily. Tnls commernter suf-
gested that the FRA Issve approprnate
crecdentials 1o 8l approved Stele inspec-
1ors. As a result of Lhese comments, FRA
has reviewed e eniire conoepl of prior
FRA approval of each Swate or jocal
noise romplance osperior and has dé-
termined that (e alxinsrallve burs
den and sddittons! perer work invelved
In such an Bprur! proess by unneces-
SBry W accompish the inlenl of this
Pprovicion. As sialed abonve that bilent #as
twofold—1to require Qualifed personnel
and to iden'ify suck perscnoel! {or the
miroads (hat gre 10 be sublect (o thelr
suthority. FRA belisves this csn be ac-
compilshed by requiring the Slsu or
local jurisdiction to desigmate the pere
sonnel aurthorzed Lo exforce the Fudars!
standards, 10 certify that (hey are qualia
fled to Inspert and test locomotives and
rell cars, that s hat ey have the
Enowledge and ablily Lo delent Le Lause
of noisc delecls, snd W provide sack per-
soms wilth appropriale cralentisls Lo st-
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test o Lthelr suthority. PRA wil con-

nut Lo require the State or local juris-

diction to Dotify FRA that 1 Is going t©

enforcs the Federal stendards g0 that

we can accuraiely assess what the overall

enforcement eSort Is at oy given {ime.
wor 210.17 of thic final rule has been
ralied eccordingly.

Should the repulclion prescride @
level of efort to assure clequate State
{local) efort? One commenter stated
that, If Stsle Involvement would result
{n decreased Federal enforcement, the
reguistion should provide for » specified
level of efort o assure thsi Blate In-
volvement {5 adequate for efeciive en-
forcement. This comment apparenily
results from & confusion with the proce-
dures of the Slate Farticipalon Program
as discussed sbove, Upder that Program,
once & States Luspeciion progrsm i
fully certified, the State effor! replaces
the routlne Federal inspection effort (o
{hat Suete. Therefore, FRA has pre-
scribed & specific level of State effort
necessary before & prograsn for & partic-
ulur safety standard can be certified.
This procedure does not apply to State
or local involvement in enforcement of
the EPA standards. Slate polse enforce-
ment {8 £ot intended o substilule for,
nor i ft expectied to reduce the FRA
efforts. Therefore, s prescribed level af
Siste or local eJort is not necessury.

Should inspectory be required lo be
gualified {o {nspect and test boih loco-
moiives and refl cors? Saction 210.17(a)
of the NPRM required the Siate 1o des-
ignele perscns qualified to inspect and
test jocomotives or raf] cars. One com-
menter suggested that the final rule
shoyld meke il clear Lhat any designated
Stale inspecior s authorized to inspect
and test both Jocomotives and rall cars.
Thie use of the word “or” rather than the
word "and” in the proposed ruls was
purposeful, FRA does Dol agTee that esch
Eiate of loca! {nspector enforcing the
Federa! standards must be qualified W0
inspect and tes! both locomotives and
rall cars. The experience and knowledge
Decessary to adequately inspect & loco-
motive s substantially difierent from
that necessary W perform a similar funce-
tion with respect to rall cars bessuse of
the basie rmechanjcal differences in the
milroad equipment. FRA believes that
an efcient and efleclive enforcement
ProgTam must recognize these differences
and provide the greatest degree of fexi-
billty. Accordingly, while an individual
inspector may be authorized to {necpect
snd test both lgcomotives and rall cars
U be iy qualified to do so, the State or
local Jjurisdirtion is not Lm'ted to i¢-
dividuals with such dual! qualficationa

§ 21019

Two comumenters recommended that
the walver provisions be eliminaled or
clarifed, According to one, FRA'M pro-
posed rule contains no provision that is
unduly burderscme, and all of the pro-
visions are pecessary for efective en-
forcerent of the EFPA standerds, There-
fore, any walver would improperly 1.
terfere w!ilh enforcement As an aller-
nallve the commenter staied that, If the

provision is relained, FRA shou'd amend
the regulation o clarity that &l of the
previsions of 4% CTR 211 appir, tnclud-
ing those providiog fnteresied parties an
opportundly o recefve notice of, and o
comment on, all walver applications. The
other commenier statad that the regu-
Jation should be clarifed to state that
FRA msay pot walve, direclly or indi-
rectly, sny requirement prescribed o
the EPA slandards.

The suggested changes have not been
adopted, First, despite FRA's endesvors
to structure a reasonable ryle of general
applicedbility, the rallroad industry 4a
characierizad by such diversity that dif-
fering individual circumstances may
Justify the walver of some provicions of
this ruis. The term “walver” as used
here, and throughout FRA salety regu-
lations, does nol Decessarily mean a
fotal relaxstion or exempion from com-
bliance with the prescribed rule: The
walver procedure allows FRA to {mpose
allermative requiremerts to accormpliak
the Intended purposs of the regulatior
in those cases in which the general rule
may Lot be appropriate. Second., the
preposed rule mekes It clear that all o
the provisions of part 211 appiy tw
walver proceedings and 1hat FRA may
pot, either directly or indirecly, walve
8 requirement of the EFA siandardy.
FRA will notify the EPA whenever a
petition for walver b Aled ucder thus
section and will corsull with that agency
pricr (¢ 8 {nal determimation ob such &
petition. .

One commentear stated that 3321018
should specifs both the period within
which the Adminisirstor must make a
declsion on an applcation for walver
and the pericd for which o walver may
be effective. .

FRA bdas pol sdopied a time Imn
within which the Adrcurnistretor musi
act upon ALy petition for waver under
this par bevsuse the comText!y of the
fsrues raised and the tme belsogpn Wie
filing dates and proposed efMective dates
will vary. However, to the exlen: pras.
ticable we will compiv witt the nine.
month tme lrit applicabie (o waiver
proceedings under the Felera] Rali-nad
Safety Act of 1970 (See 4% CFR 2:11,
211 41 (41 FR 54181, Deceler 18,
197¢7 Y,

With respect o the period for which
8 walver mav be efective, FRA doa net
belleve [t s eppronriate W specliy & waL-
tnum durstion for & walver. A waiver

mavy be temporary of permanent Fack

petition 18 considered individusliy, on
own merits and conditions that =41} as-
sure the accomplthrrent of (he intent
of the general rule are tallored (o the
rircumstiances of each case.

§210.21

One commenter conlended that the
propesed penally provision {8 (nedequate
because penaliies would be provided only
for krowing viclations. The commer e
staled (het the EPA standards prehibss
operation of anv car or locomotive st
viclates the standards, and that omu
if morev penaltles are ecterilined fof
all viclations wil the rafirouds have the
Incentive to estabilsh testing and main.
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temance programs that will eliminate
excessive noise. The commenter con-
tended tbat FRA has the authority um-
der tae various acts ta establish the pen~
slties.

FRA has considered the Nolse Contral
Art, its legiclative history, snd the relat-
ol statutes. We belleve that Congress {ne
tended o Bet forih in section 11 all of the
pecplties appilcable to violators of the
EPA standards themselves, The eriminal
penaities (fines and imprisooment)
may be assessed against willful or kpow-
g viclators of these regulations ¢z the
EFPA s.andards,

Another commenter stated that the
erimingl penalty provision was unac-
ceptable because |t was unclear when »
railroad would be lable because of &
viciatlon on equipmert owned by some-

goe 2lse.

The EPA standards prohibit operstion
of nowse defective equipment. In sddi-
tisn, as stated in the discussion of § 210.7,
this rule impases the responsibllity for
irspection and repalr of noise defective
equpment on the opersiing railroad
rather than on the owner of the equip-
ment because that is the only practical
war (o enforce the EPA standards. FRA
cannot alier the criminal penalty pro-
visions prescribed In the Noise Coptrol
Act It should be noted, however, that the
mere existence of a nofse defect on op-
erited equipmient s ot sufficient in it-
elf 0 establish criminal lability since
e penulties apply only for willful or
knowing violations. The words “known
or hay notice” are {nciuded In §210.7
to Indicate that some evidence of willfwl.
Zess or knewladge is necessary before s
eriminal action for enforcement of the
EPA standards can be Initiated uynder
the Ncise Control Act,

121025

Should roilroads perform the tests?
Some commenters stated that the FRA
or Slate Inspectors should conduct any
Boise emission tests since many raliroads
do not bhave instrumentation, trained
pecsonnel, or sultable test sites. Section
210.25 (b) of the final rule provides that
e railroad carrjer can be required to
conduct the noise tests itself only {f 1t
has the capabllity to do so.

Should periodic noise inspections de
rejuired? Another commenter recom-
mended that the section be strengthened
W require the railroad (o make periodic
inspections of all cars and Jocomotives
for noise vielations and keep records of

the results available for inspection Sinee -

frequent, thorough inspections are re-
quired under 4§ CFR Parts 215 and 230,
and cars and Jocomotives maintained in
atcordance with those partis are expect-
&2 to meet the EPA standards, FRA does
Rot believe that an additional {nspection
f*quirement is warranted.

Should {nspectors be empowered {0
¢onduct or request inspeclions or testing
at random? The thrust of the other com-
Menls was that the FRA and State In-
pecters’ authorily to Inspect, test, or re-
quire a raiircad to test or inspect loco-
motives or rail cars shouid be limited to

- RULES AND REGULATIONS

avold undue burders on intersiate com-
marce, QOne comrenter estimated that
AD average pcasshy test of & rall car would
cost s maliroad approxirmately $1,000 In
equipment time, crew time, fuel ¢ob-
sumption, and lnterference with other
activitles. It recommended amsnding the
proposed rule to {nclude guidslines ay-
thorizing an (nspector to require s loco-
motive or rall car to be sutmitied for in-
spection or testing only if there ars rea-
sonable grounds (o suspect & noise de-
fect, Il the request s In writicg, and if
= time wnd place are reasonable.

In lght of the comments, the rule kas
been redrafted o suthorize an inspector
o request the rellroed to test, irspect of
examine for potse defects only when
there are reasonable grounds tn believe
that a poise defect’ i present. Such
grounds could be established by a passby
ooise emission reading (n excess of the
standards for locomotives or miirond cars
or by numerous public complaints about
axcesxive nolse from ap identified plecs
of equipment or specific traln operstion
On the basls of such evidencs, an irspace
{or could make, or request a milroed to
make, an inspection of the 4raln at the
next reccqgnizad ipspection polnt ar
scheduled stopping point. If a raflroad
has the capability to perform the wppro-
priate tests for noise emissions as pre-
scribed by EPA, testing requesied by an
inspector must be performed as socon as
practicable If the raliroad does not have
the capabilily, the inspector may request
that the raflroad make the rolling stock
and appropriste personne! avallable at s

- reasonable time and lecation for the {ne

spector fo obtaln the required soupd
messurements. However, a raliroad is pot
required ‘o test or subm!t !ts rolling stock
for testing I & readily identifable noise
producing condition Is corrected and the
correction 18 verified by an inspector.
Should the requests be in writing? The
section alse includes the added require.
ment that the inspector's reg iest that
the rallrosd make a noise Insg xction of
test be in writing, stating his grounds for
suspecting & noise defect This require.
ment will provide a basis for the raliroacds
to delermine why the {nspectors are re-
questing them to make poise {nspections.
The written record also will serve as evie
dence that & rafiroad has been glven no-
tice of the existerice of noise defective
equipment and will serve to establish the
“wilful” or "knowing” violation neces.
&ary to support & criminal action under

.the Noise Control Act,

Should the rule allow festing during
movement pursuan! 1o § 210 $? The same
commenler also recomendsd that an
inspector be precluded from testing or

demanding a test when cars are moving.

pursuant to §210.9 or when the cause of
& noise defect has been noted and thers
Is reasonable evidence to show that it
has been ellminated. The suggasted
amendment to preciude testing durlng
movement to §2109 has not been
adopled because FRA believes it would
constitute to0 broad an exception. While
conduyeling a passky lest to determine
whather a train was operaling In complis
ance with the EPA standards, an irspegs

B e XY

tor mizht not be aware that the train m.
cluded equipment belng moved ynder
$ 2109, Under the rule as written a rafll-
roed cited for violating the standarda
must be prepared to show that the nolse
emmissiors above the standards could have
resulted from the movement of nolse
defective equipment In accordance with
$2109. To preserve ts defecse In that
situstion, the raflroad will Eave to retaln
records of the movemeant In sccordance
with § 210.9 for enough time to allow for
delays between measuring violations and
lssuing citationa, .

§21027(B) ()

One commenter objectad to mensur.
ing {he polse em'ssfons from s conslat
of locomotives manufactured both bew
fore 1980 and after 1979 sgalnst the
highar nolse emission standard for pre-
1980 locomotives. The commentsr cone
tended that the provision has the effect
of charging the substance of the stand.
ard for posi-1975 locomotives. This com-
menter recommended that & Procedure
be established either to differentiate the
nolse emitted {rom different locomotives
in & reixed consist, or to require the rafl-
road {0 test each unit \n a mixed consist
when the consist violates the lower
standard f{or post-1879 locomotives.

The changes recommended by the
commenter have been rejected as Im-
feasible. First the rule does not pre-
Kcribe & procedure to distinguish the
Doise emitted by different locomotives in
the same conslst during s passby test,
because such 8 procedure i1 technically
Lmpossible glven the present state of the
art in npoise measurement unless such
locomotives nre sepsrated within the
corsist by &t least 10 rail car lengths or
500 feel. Second. s requirement to test
individually each unit in & mixed consist
that viclates the post-1979 standard
probably would force individua! retast-
ing of each of the units whenever {here
is & passby test of & mixed consist. To
avold that retesting burden, s raflroad
would have to operats only unmixed
locomotive consists. Such & severe re-
striction on the use of motive power
would impcose an undue burden on intar.
state commerce by mircad

§21027 )

One commenter staled that {f the buflt
dates of locomotives are not knesm to
the (nspeclor at the time of & passhy
test, the ralroad should bave the burden
to supply them or have the lower poste
1379 noise emlssion standards applied.
FRA does nol agree. In most cases, the
Inspector will not knew the built dates
of the locomotive units In a consist at
the time of a passhy test. He will, there-
fore, be required to ldentify the units in
the locomotive consist by number when
the test is made. The built dates for the
specific unils [n a consist can then be
cetermined by reference to carrier rec-
ords. I the Inspector falls to record the
locomotive unit numbers, and the butlt
dates cannot be established, the higher
pre-1880 standard will apply since all
lecomotives, regardless of age, must op-
erate beiow the! noise Jevel,
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21027025

One comemenier otjecied 0 sppiving
the slandard
45 miles per hour when the inspecterts
messuring equipment & pol operating
within ar accuracy of S mph The corn-
menler stated that Rt is the Inspectors
duty to maintain properly calibrated
measuring devices, and the enfcreement
regulation should mot dilvte the EPA
stancard inanticipat/or of his fzllure to
do his job proper!y.

FRA agrees {nat {t is the Inspectors
duty to maintair his equipment properly.
Bowever, If & faliure does Occur, proséeu-
tion for wioiatlor of the lcwer slandard
4 not possible without prool that the
traln's speed was 4% mph or less.

§2i029 (D

One commenier stated that £
unclear whelher e polse measyrement
device must be callhmited o acton] fre.
quencies The section har been amenced
to make {t clenr that calibretion to nenl-
nal freguennies raticfes e requitement.
A suf:ient degree of Borureey in melse

calibraler freqlency 8 sLiureie within
& range, for exemple plus or mitnus three
percent.

nolher commenter stated that hour-
1y calibrstons are not necessary during
& series of messurerzents, stating that
calbration st the beginning of esch
series would Acsurs BLIUrELE Measure-
menta

FRA disagrees The sound level meters
are bellery powered Accordingly, fre-
quent callbration during continuous use
{3 i poriant to assire ot the [mspertor
is aware as soon Bs the bellery's voltage
output drops slose to e minirmum op-
erating voliage level of the pound level
meter,

| -SE-d 20

Ore comunenter soygested Licressing
the measurement tolersnes (o 8t least
ABiAY, stallng hat the factors sou-
mergted may realisloally justify up W
53dB{A). The 2{B(A} measurement tol-

nce has been relained because'it is the
tolerance level generally accepiea in the
technical nolse measurement commundty
for fLeld measirement purposes. (See,
eg. Bociety of Aulomolive Engineers
Blandard J53lb Seplember 1571; SAE
Technical Report Ji92, Decernber 1970.)

In response Lo srmolher commenier,
parsgraph (&) of e NPRM which io-
cluded an Intepreletion facior ameng
thos¢ taken into sccount (n determining
the 2dB’A) (olerunce, bas been elm!-
nated in ihis fnsl rule FRA agrees that
the Interprelaiion of the other faclors
is not properly lsted a3 & séeparate {tem
in the serier and has meluded this con-
gideration in the general explanstion as
10 the pwpose of the LdBA) Wiernnce.

$21622¢8)

One commenter opposed requiring that
each locommotive manufactur. d afler 1978
be tected for statlonary nolse emissions
belore {1t s pleced o service (nillaly.
In res;onse 1o the comrient, Wpe cen-
cation besed on sampie tesiing of each

RULES AND REGULATIONS

locomotive model will be required on all
Dew jocomotives bullt after 1878. The
certifcation may be based on either load
cell or pessby testing, For reasons of
clarity and rstiona) organization of the
fnal rule, the provisions for new loco-
motive ceritfication for locomotives built
after Decemnber 31, 1879 have beer placed
in a separeie section § 210.33,

§21031(p) ¢

8ix comumenters addressed the pro-
posed requirement for stationsary nolse
testing whenever & locomotive s loed
cell tested for any reesdon. All six were
opposed. They stated that the require-
mert would be inefective in enforcing
the nolse emission standards and com-
plinnce would be lotally impractical. Ac-
cording to the commenters, many rail-
roads do not have load cell facilfties at
all. One surver that included all of the
major railroads plus 3 number of switch-
{ng rallroads showed thet they have only
spproximately 176 load cell facilities,
Furthermore, the typleal locations of
Ioad cells is it or adiacent to locomotive
repalr shops. These locations often are
ursyltable for noise testing (n accord-
ance with the EPA standards because
they do not presant the large open area,
and the isolstiom from other Doise
sources that s required by the EPA defl-
nition of an sccepiable test site, Also,
some exisiing loed cells depend upon
high vollage direct current. Relocating
the load cells at & distance from the
shope would require the use of expensive
trapsmilesion cables, and line losses af
eleclric current during transmission
{rom the power source W the remote load
cell would reduce the effciency of the de-
vices for thelr primary purpose, Le., test-
ing the power oulput of the locomotive
enpines. The swvey clled above showed
thet oaly seven exisiing Joad cell facill-
ties in the countiry are sujtable for noise

testing under the site requirernents pre~_

scribed In the EPA standards. One com-
merier that has two locomotive repatr
shops with Joed cells estimated that it
wouwld Deed to spend approximately
$360,000 on modification of facilities and
equipment before it could carry out sta-
tionary nolse testing Lo sccordance with
the EPA standards at those shope The
commentiers were Also very coticerned
sbout the potential delays {n returning
recently repaired locomotives o service
should s load cell nolse {est be required
esch time the locomotive {s submitted
o joad cell te<ting for any purpose, be-
cause joed cell nolse emission tesls can~
not be performed during precipitation
or when the measured wind veloclty Ls
over 12 mph. One commenter staled that
the ability to take full advantage of 1t
functioning motive power s critical for
a small financially weak raflrosd, An-
olher concern was uthlzalion of person-
rcel. Oce commernter ssseried that large
nurbers of Dew personzel wouwld be
needed, especially since the remole loca-
tons and random times for the required
tests would reduce. their eficiency. Fi-
nally, & commenter stated that addi-
ticral problerns might arise because of
annoysnoce to the general public and em-

.

ployees who are not now sublected to
load cel] test nofse. Thatl commenter es.
timated that the proposed regulstion
would require approx/mately 47,000 sta-
tionary nclse tests annualls. .

Two arguments were msade about the
effectiveness af the reguiation in ep-
forcing the standards. First, the com-
menters stated that load cekl testing nor-
mally {s done fust afler overhauis, re-
pairs, or maintenance, That s the time
s locomolive s most Ukely to be tn com-
pilance To provide & more efective en-
forcement program, the commenters
felt that required nolse measurements
should be taken on equipment with a
higher probabllily of violations. Sacond.
the commenters stated that the proposed
rule would in effect exempt cerlaln Joco-
“motives from any requirement for sta-
tUonary nolse testing. For example, thete
are many new locomotives thati are
eqlipped with & festure that permits
load tesiing without connectiing the unit
to wayside load cell testirg equipment.
Also, locomotives owned by raliroads
that do nct Lave joad cell test facliities
would not be subject to the requirement.
A commentler thst favored trnore frequent
testing stated that the proposed rule
needs to be strengthensd because rafl.
roads do not conduct Joad cell Lects regu-
larly and thers s po requirement for
them to do 8.

As a resull of our review of the com-
ments and further analys!s. FRA bellevas
it Is pot reascnable o require periodic
joad cell testing by the reilrcads. Many
‘rallrosds apperently could not perfcrm
the tests nithout & substantial (nvest-
ment in faclities and equlpment, and 1t
is not sensible to require such an invests
ment when ihe FPA har nol {dentified
locomeotives a5 & major noise aource.
However, FTLA s not at iberty e exempt
locomotive; enlirely from loas cell test-
ing because EPA clearly did not intend
the standards for stationary and moving
locomolives 1o be allermetives, The pre-
armble to the FPA starcards stales In
part (het—

The EFA suworgly beileves that a slaticoary
sa well a3 a mering stacdard (b pezessary in
order & sccount Jor the varying taluwte of
Jocomotive nolse (41 PR 2180,

Anh lnspeclor could stil request & rall-
*roed that bas the capabillty o conduet
‘e load cell test 10 do 80 & & locomotive
{s suspected of having & nolse defect
¢ 210.250 (1)), In wddition, locomo-
tives maniwiactured after December 31,
1879, must be ceriified for nolse erxission
complianze tefore being placed o serv-
{ce initially. This certf:stitn may be
based upon & lcad cell test.
$216.21(H)

One comunenter staled that no test of
8 Dolse defective Jocoimotive shouid be
required ¥ the cause of Lhe neoise defect
was readlly identifable and correzied

Thrie FRA recognizes that the retesting
requirement for lcomotives under pro-
posed §210.33(h) wil constitute some-
what of a burden on rallroads. This ¥
true because the Fresent loczson of ko
comoiive repalr faciities within ar di-
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rectly ad'acent Lo congested yard areas
w{ll not ordinarlly present an acceplable
test sita o terms of the criteria estab-
lisked by EPA in Subpart C of 40 CFR
201 In addition, as stated earller, very
few of the existing load cell facilities are
located In aress that present acceplable
tact Sitas, o

FRA believes that the source of exces-
sive locomotive noise will often be read-
{iy identiflable a5 » reswlt of recognized
inspect!icn and maintenance procedures.
The retesting requirement, {s pot neces-
sary in such cases Io order to accomplish
the intended purpose of the EPA stand-
ards. Thersfore, 1o those situations ,n
which the excessive noise emission i
readly identifiable as related to & par-
Heular defective component, and that
eompoaent can be replaced or there 8
sa sccepted repalr procedure, FRA De-
Ueves that retesting before returning the
lacomative to service should not be re-
quired. Where no such dsfective com-
ponent can be readily identifisd, retest-
ing ts necessary W assure elimination of
the polse defect and will be required.
Paregrsph (o) of this section has beet
redrafled accordingly,

IMPLOYES SATETT AND HEALTH

One commenter c¢riticized the EPA
slandards themselves, stating that they
are oo high to protect employees from
nofse related tnjury. The commenter also
staled that there are many scurces of
raiiroad polse that might affect an em-
ployee’s health that are not coversd by
the EPA s{andards.ofhe commenters re-
Quested that FRA promulgate holse
emission standards to protect employees,

The cotamenter's request is not within
ihe scope of this proceeding. Purther re-
lated rule making could be undertaken

in the future, depending upon the nature,

of any evidence thal particulsr nolse
emissions are s serious safety problem.

In accordance with the foregoing, Title
49 of the Code of Federa! Regulations is
smenced by adding 8 new part 210 to
read as set forth below. These rules shall
become efective on October 1, 1977,

Issued (n Washington, D.C. on August
17, 1871,

JouN M. SULLIvaN,
Administrator,

Subpart A—General Provisions

2101 Geope of part.

3103 Appileability.

3108  Defnitions. .

210.7 Hespcosibllty for nolse defective jo-

OOmotives or rall cArs.

Moverment of & nolse defective loca-
motive, rall ¢ar or consist of a lo-
comotive and rail cars.

&tate or lozal enforcement of Feder-
a! Rallroad Noise Emission Stand-
ards—qualified nolse compliance
Inspecior.

21019 Waivers.

21021 Fenalty,

Sutpart B—lnspeciion and Tasting

Scope of subpart.

Noiss testing and Lnspection.

Operation standards.

AMeasurement criteria and proce-
durss.

s

21017

2023
41028
210727
21029

, Boe, - )
21031 Locomxritve Sestd o
e i3 -1 Ney}ammquvgmﬂﬂaﬂbn_

ACTHOLTY: See. 17T, Pub. L. §2-574, A8 Stat.
123¢ (43 TS.C. 4916); § 1.45(p) of the regu-
latlons of the Ofze of the Sesrety of
.m?muom 4f CPR 1.4{p). ,
.. -Subpart A—General Provisions, . ..
§2101 Scopeof part. : Tt

This part prescribes mirimum ¢om-
pllsnce regulations for enforcement of
the Raflroad Noise Em'ssion Standards
established by the Environmental Pro-
tection Agency in 40 CPR Purt _20_1.
£210.3 AppBability. .r - .

.{w) The provisions of this part apply

. _"*QJJLES,AND_ REGULATIOND

to the total sound emitted by rafl cars.

and locomotives operated by s common
currier as defined In 45 UB.C. 22 under
the conditions prescribed hereln and in
40 CFR Panrt 201, including the sound
produced by refrigeration and air condi-
tioning units which are an integral ele-
ment of such aquipment, except: = -

(bY The provisions of this part do pot
apply to: .

(1) Steam locomotives:

(2) Street, suburban or Mterurban
electric rallways unlest operated ag g
part of the general raflroad system of
transportation:

(3) Sound emitted by s wwrning de-
vice, such as & horn, whistle or bell when
oberuted for the purpose of safety:

{4) Bpec!al purpose equipment which
may be located on or operated from rayl
cars; and

(5) As prescribed {n 40 CFR 20119,
the provisfons of 40 CFR 201.11 (a) and
(b) do niot apply to gas turbine-powered
Iocomttig:s or any z:;ogzouve type which
CARNO connec stapdard
method 10 a load cell i

§210.5 Definitions.

(a8) Statutory definitions. AN tarmas
used 1o this part and deflned In the
Notse Control Act of 1572 (Pub. I. 92~
$74, B8 Stat, 1234) have the definitions
set forth {n that Ast.

(9) Difinttions in standerds. Al terms
used in this part and defned in § 201.1
of the Raflroad Ncise Emission Stand-
ards, 40 CFR 2011, have the definition
set forth [n that section

(e} Additiong! definitions. As ysed In
this part:

(1) “FRA" mezns the Federal Raile
road Administration.

(1) “Administrator” means the Fed.
eral Rallroed Administrator, the Deputy
Adminisirator, or any official of the FRA
te whom the Adminlstrator has dele-
gated authorily to enforce the Act

(3) “Consist of & locomotive and rall
cars” mesns one or more locomotives
coupled to a rall car or rafl cars

(4) “Noisa defective” means the cone
dition In which a locomotive, rall car or
consist of & locomotive and rall cars s
found to exceed the Rallroad Noise Emis-
sion Standards, 40 CFR Part 201.

15) “Standards” means the Rallrosd
Nolse Emission Slandards, 40 CFR Part
201.

(8) “Inspector” means FRA regional
Motlve Power & Equirment Specialists,

FRA Molive PFower & Equipment Tnspec-
tors and State or ocal nolse compliance
inspectors desiguated and certified undar
§210.17. ;

§ 210.7 ‘Bp-onxfbﬂ.ilynf&)r polse defoe-

tre locomolives or cars.

Any raflroad that knows or has notice
et & locomotive, rall car or s consist
af & locamotive and il cars that it 1a
opersting or testing ls noise defactive
according to the criteria established tn
this part and in the Standards is respon-
sible for compliance with this part. Sub-
Ject to §210.8, such rallroad shall:

(a) CorTect the Dolse defect; of

(b) Remove the nolse defectve loco-
motive oz rall car from service.

§210.9 Movement of a nolse defoctive

motive, car or consiat of o
. locomolive and rall carn’

A locomotive, rall cars or consist of &
locomotive and rall cars thatl (s nolse de-
{fective may be moved no further than
the nearest forward facility whers the
nolse defective condition can be elimi.
patad only after the locomotive, rall car
or consist of & Jocomotive and mil cars
has been incpectad and deen delermined
10 be safe to move.

§ 210.17 Sute or local enforcement of
the 1tandards—qualified nolse com.
plisnce Inspectors.

{a) Any State or local jurisdiction
that desires o enforce the Standards
must so potlfy the FRA, and shall desig-
nate persons qualifisd to (nspect and test
Incomotives or rall cars for defects pre=
scribed by this part Facl person desig-
nated must be certified by the State or
local jurisdiction and must cerry official
credentials stating his or her authority
fo conduct inspections and tests as pre~
axcribed in this part,
$210.19 Waivers

(a) Any persom may petltion the Ad-
ministrator for s walver of compliance
with any requirement in this part A
waiver of compliance with any require-
ment prescribed (n the Standards, may
pot be granted under this provision.

(b} Each pettion for a walver under
this saction must be filad In the manner
and contain the Information required
by 49 CFR Part 211, .

{¢) If the Administrator finds that a
walver of compliance applied for under
paragraph (8} of this section is in the
pubiic fnterest and 4 consistent with
rallroad nolse abatement and safety, he
may grant & walver sublect to any con-
ditions he deems necessary. Notlca of
each walver grahied, (neluding a state-
ment of the reasons therefor, will be
published In the Trsraal Reasres.

4 210.21 Penalty.

Any person who willfully or knowingly
operates a locomotive or rall car In viola-
tion of the requirements of this part or
of the Standards is llable to a penalty
as prescribed In section 11 of the Notse

Control Act of 1972 (Pub, L. §2-574, 86
Stat 1242).
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Sobzart B—Inspection and Testing
521023 Scopeolsubpart. .+ - -
This subnpart prescribes the mmpu-
ance crilerip concerning the require-
merts for inspection and testing of &
lcomotive, 8 rall car or 8 corxsi.st of &
locomotive and rafl cars,

§ 210.25 Noiseinspection and 151}5‘.

(a) An inspeclor !s authorized to per-
form & passby nolse emission test as
prescribed in the Standards, and {n the
procedures of this pari, at any time, at
any sppropriate location, and without
prior notice to the rallroad for the pur-
pose of delermining whether & locomo-
tive, rall car, of consist of s locomotive
and rall cars is In compliance with the
Standards.

(B) (1) Aa inspector is suthorized to
request that a locomotive, rall car of con-
sist of 8 Jocomotive and rell cars together
with appropriaie raliroed personnel be
made avalladle for & passhy or station-
Ay Dolse ecolssion test as prescribed in
the Slapdards, and in the precedures of
this pert, and to conduct such test, at &
reacorable time and location, for the
purpose of delermining whether the lo-
comotive, mall car or consisi of a locomo-
tive and rafl cars 5 In complla.nce with
the Standards,

(2: I the raflroad has the caps.bu.!ty

to performm sn sppropriate nolse emis-
Eon test a5 prescribed {n the Standards,
and in the procedures of this part, an
{nspector is authorized to request the
raliroed to test the locomotives or rail
cars. The rallroad must perform the ap-
propriale test as soon sa praciicable.

(3) Tte requests referred to in this
pArRgTAPh must be in writing, must slate
the grounds upon whith the inspecior
kax reason to beliave that the locornotive,
rall car or consist of a locomotlive and
rall cars does not conforrn to the Stand-
ards, snd must be presented o an ap-
propriate operaling oficial of the
railroad

(4} Testing or submission for testing
{3 not required if the cause of the nolse
defect 18 readily apparent and the in-
speclor verifles that 1t {s correctad by
the replacement of defective components
aor by instituting & pormal m.n.!.nte.na.nu
or repalr procedure,

ey (1) An (mspector {8 sutborized to
{nspect or examine & locomotive, rail car
or consist of a locomolive and rall cant
operated by a railrcad, or to request the

rallroed to inspect or examine the Joco~,

motive, rall car or consist of & locomotive
and mafl cars, whenever he has reason
to belleve that it does not conform to the
requlrements of the Standarda
(2) The request referred o In this
parsgraph must be (p writing, must state
the grounds upon which the Inspector
"has reason to believe that the locomo-
tive, rall car or consist of s locomotive
and reil cars does mot conform to the
Standards, and must be presented to
an appropriate pperating oficial of me
refiroead.

(3) The {ospection or namlnation re~’
ferred to In this parsgraph may be con-

ducted only et recognized inspection
points or scheduled stopping points. .

(4) An Inspecior may request s rall-"
road to conduct an inspection OF €XAme
{nation of a rall car or consist of rafl cars
on the basls of an excessive noise emise
sion Jeve] measured by s passby test. If,
alter such inspection or examinstion, no
mechanical condition that would result

" in a poist defect can be found, and the

g 210.29 Measurement criterls and pre.
- eedures .. .- .

. The perametars and procedures for the
mensu.rcment of the nolse emnission Jevels
are prescribed in the Standards.

() Quantities measured are defined
in § 201.21 of the Standards,

(b) Requirements for measurement tn.
strumentation sre preseribed in § 20123
of the Standards. In addition, the follow-

inspector verifies that no such mechani- 4o uJianIon procedures must be utd-

cal condition exists, the rall car or con-
sist of rall cars may be coptinued
service.

($) An {nspector may request s rall-
road to conduct an inspection or exami-
nation of a locomotive on the besis of
an excessive nolse emission level mess-
ured by a passby test. If, after such in-
spection or examination, po mechand-
cal condition that would result In a
poise defect can be found and lhe in-
spector verifies that no such mechanical
condition exisis, the locomotive may be
continued in service. -

§210.27 Operation standards.

The operaticn standards for the noise
emission levels of & locomotive, rall car
or consist of a locomotive and mll cars
are prescribed (n the Standards.

(&) Noise emission standards for lo-
cocmotive opersting under stlatlonary
conditions are contalned in §201.11 of
the Standards.

(b) Noise emission standards for lo-
comitives operating under moving con-
ditions are contalned in §201.12 of the
Standards. Measurements for compli-
ance with the standards prescribed o
§ 201.12 of the Standards shall be made
in compliance with the provisions of
Subpart C of the Standards and the fol-

wing:

(1) Consists of locomotives confalning
at least one locomotive unit menuface-
tured prior to December 31, 1879, shall
be evaluated for ecompliance B mccord-
ance with § 201.12¢a) of the Standards,
unless 3 locomotive within the consist
{5 separated by at Jeast 10 m3 car
lengths or 500 feet {rom other locomo-
tives {n the consist, in which case such
separatled locomotives may be evaluated
for compliance according to thelr re-
spective bullt dates, .

{2) Consists of locomotives compo:.ad
entirely of locomotive units msanufac-
tured afier December 31, 1979, ahall be
evalualed for complance In accordance

‘with §201.12(b) of the Standards,

(2) If the inspector cannot esiablish
the puilt dates of all locomotives in »
consist of locomotives measured wider
moving conditions, evaluation for come
pliance shall be made in Accordance with
§ 201.12¢a} of the Standards.

(c) Nolse emlission standards for rafl
cars opersting under moving conditions
are contsined In section 201.13 of the
Standards. I speed measurement equip-
ment used by he Inspector at the time of
the measurement s not operating within
an acclracy of § miles per hour, evaluna
tion for compliance shall be mede {n ac~
cordance with §201.1372) of the Stand-
ards, . '
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(1) (0 The sound level measurement
system including the microphone must be
callbrated and appropriately adjusted ot
ope or more nominal frequencies in the
range from 250 through 1000 He &t the
of esch series of measure-
ments, at intervals not exceeding 1 (one)
bour during continua] use, and immed}.
stely following & messurement Indicat-
ing a violeton,

(£) The sound level measurement zy3-
tem must be checked rot less than once
each year by s mapufscturer, a repre-
sentat{ve of ils manufacturer, or & per-
soh of equivalent special competence to
verify that its accuracy meets the manu-
facturer's design criterin

{(2) An scoustical calfbrator of the
microphone coupler type designed for the
sound jeve! measurement system ip tuse
shall be used to callbrate the sound level
measurement system in socordance with
paragraph (1) (1) of this subsection The
callbration must meet or exceed the az-
curacy requirements specified in §8.4.1
of the American National Standard In-
stitute Standards. “Method for Measures
ment of Sound Pressure Levels,” (ANST
81.12-1971) for field method measure-
ments, .

(c) Acoustical environment westher
cond!tions and background nolse require-
ments are prescribed In § 201.23 of the
Standards; and in addition, measure-
ment tolerances pot to exceed 2dB(A)
for & glven measurement will be allowed
to take (nto actount the effects of the
factors listed below and the interpreta-
tion of these effects by enforcement per-
sonhel: -

(1) The comynon practice of reporting
fleld pound level measurements to the
nearest whole decibel; (2) Variations
resulting from commerchal {(nstrument
tolerancas; (3) Varistions resulting
from the Lopography of the bolse meas.
Urement site; (4) Variatioosz resulting
from atmospheric condHions such s
wind, ambient temperature. and atmos-
pheric pressure: and (5) Variations re-
suliing from refected sound from small
objects allowed within the test site.

(d) Procedures for the measursmnent
of locomotive and rall car nolse are pre-
scribed In § 20124 of the Standards; and

(1) Accurate determination to within
plus or minus 5 miles per hour of traln
smpeed (whichk may change during a pass-
by) must be made as the trein pesses
the micropbone location, as defined in
§201.24 of the Standards, 10 determine
the rall ear compliance leve] specified
in § 201.1371) or (1) of the Slandards

(2) Locomotives and rell cars tested

pursuant to the procedures prescribed



RULES AND REGULATIONS - T T e

i tbis part and (o the Standards shall »
be coatidered 1o Doocompliance when- the eab of
grer e lesi mensurement, tminus the ton of the lnspectlon Porm P 8130.45.
appopriaie tolerance, exceeds the Dolse The o .
poistion levels prescribed (n §] 20111, 'Whelher a Joad cell or passhy test was
201.12, or 201.17 of the Standurds, as ap- umed: (2) The date and location of the
proprite. o e est; and (1) The A-%eighted soun
§210.31 Locemotive bosts. reading in decibels obtaired during the
peesby tesi, of the readings obtained at
) For oad cell tests: (1) Each (0. iV comtle seiting and mazimum throt-
wne of the locomotive z e
::fnormal cooling Water operiting tem- .- ¥R Doc.TT-24317 Plisd 3-23-77.4:45 am]
perzture as precribed by the Jocomotive
mADulsoturer. .
{3} Nolse smission testing & kDe or
marimum throttle setting sball start af-
47 & 0 sccond stabiitzaticn period I
the throttle setting selected for the test.
¢3) After the stabfization pericd as
prescribed in parsgraph (2) of this sub-
section, the A-weighted scund leval
resding In decibels ahall be otserved far
ar sdditional 30 second peried ln the
throttle setling selected for the test.
(4) The maximum A-weighted sound
level reading in decibels that is observed.
during the 30 second pericd of time pre-
arided o paragrapl (3) of this subsec-
toc ehall be used for complianee pure

pases.

(b) The folowing data delermined by
any locomotive poise emission test con-~
ducted after December 21, 1976 shall be
recorded io the “Remarks” section ok
the reverse side of Form FRA T 6180, 49:
(1) Location of the test; (2) Type of
teat; (3) Deate and Jocation of the test:
and (4) Thbe A-weighted sound level
reading in decibels obtained during the
passby test, or the readings obtained at
wdle throttle setting and maximum throt-
Ue setting during s load cell test.

{¢) Ary locomotive subject to this part
that i3 found mot to be in compliance
with Lhe Standards as a resuli of & passby
test shall be subjected to 3 load cell test
of another passby lest prior to return to
service, except that no such retest shall
be required if the cause of the noise de-
fect is readily apparent and s corrected
by the replacement of defective com-
ponients or by a normal maintenance oe

 repair procedure.

(d) The last entry recorded on Form
FPRA P £130.49 a5 required by paragraph
@) of this section shall be transcribed
t0 & new Form FRA F 6180.49 when it is
Posted n the locomotive cab. .

§210.33  New locamotire cerification.

(a) A railroad shall not operate 2 loco-
motive bullt after Decetnber 31, 1579 un-~
leas the locomotive has been certified 0
be in compliance with the Standards.

{b) The certification prescribed in this
section shal] be determined for each lo-
comotive model, by either: (1) Load cell
testing in accordance with the criteria
prescribed in the Standards; or (2)
Passby testing In accordance with the
criteria prescribed in the Slandards.,

{c) I passhy tesling s used under
paragranh () (2} of this section, it shall
be conducted with the locoinotive oper-
aiing at maximum reted horseposer oyt
pe 31 3

(d) Each new locomotove certified
under this sectlon shall be identified by

y
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DEPARTMENT OF TRANSPORTATION
FEDERAL RAILROAD ADMINISTRATION

WASHINGTON, D.C. 20590

Office of Associate Administrator for Safety

[4910-06)
Tile 49—Transportation

CHAPTER II—FEDERAL RAILROAD
ADMINISTRATION, DEPARTMENT
OF TRANSPORTATION

[(Dockel No. HS-4, Notlce No. 8}

PART 228-—HOURS OF SIRVICE OF
RAILRCAD EMPLOYEES

Noiss Levels in Railrood Employee
Sleeping Quarters; Guideline

AGENCY: Federal Rallroad Adminis-
{ration (FRA), Department ol Trans-
portation.

ACTION: Issuance of interpretive
guideline; statement of policy.

SUMMARY. This document {ssues &n
interpretive guidellne which FRA will
employ in administering and enforcing
section 2taxd) of the Hours of Service
Act, as emended (45 US.C. 62(ax3d)),
which was enacted by Pub. L. 94-348,
approved July 8, 1976, The statutory
provision makes it unlawful for any
cominon carrier Lo provide sleeping
quarlers far emplovees (including crew
quarlers, camp or bunk cars, and trail-
ers) which do not afford such employ-
ees an opportunity for rest, free {rom
interruptions czused by nolse under
the control of the railroad, in clean,
safe, and sanitary guarters”. In order
to [facilitate compliance with the
Hours of Service Act and Lo give notice
concerning the policy of FRA in en-
Torcing tivis provicion of law, FRA is
zirending appendin A to part 228 by
8dding a deocription of the noise level
resulting from noise sources within
thie conirol of the rajlroad which will
be regarded by FRA as the maximum
ievel permitting "an opportunity for
rest” within the mecaning of the stat-
ute. The standard adopted is an 1,.(8)
value of 8LUBIAY.

EFFECTIVE DATE: July 18, 1978.

FOR FURTHER INFORMATION
CONTACT:

Btephen Unnan (RRS-24), Office of
Bafety, Federal Rallroad Adminis-
tration, 2100 Second Street SW,,
W:shmzum. D.C. 20580, 202-426-
9178.
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SUPPLEMENTARY INFORMATION:

Elsewhere in this FrpeRat RECISTER .

FRA smends part 228 by adopting
final rules relating 1o the construction
or reconstruction of railroad employee
sleeping quarters in areas close to
switching or humping operations. Sec-
tion 228.1C%c) of those rules states
that FRA will utilize 8 standard of

55dB(A) L,, measured over any &-hour |

period. The preamble to the rules dis-
cusses the public comment received
and the basis for FRA action In sdopt-

{ng the aforementioned criterion. That
discussion is (ncorporated herein by
reference. See material in Docket No.
HS-2, Notice No. 6, in this portion of
today's Froeral RIGISTEIR. -

In light af experience gained
through FRA fleld activities related 10
the enforcement of the Hours of Serv-
fce Act since July 8, 1976, and In cop-
sideration of the comments received in
Docket No. HS-2, FRA has decided 0
utilize a8 s guideline in its enforce-
ment of secton 2(aX3) of the Hours of
Service Act (45 US.C. 62(aX3)) s maxi-
mum equivalent steady state sound
level In eight hours (L_.(8) of
55dB(A). Thet s, any sleeping Quar-
ters provided for employees covered by
the Hours of Service Act which cannot
meet an L_(8) noise level standard of
35dB(A) as g result of the noise gener-
ated by sotirces within the control af
the carrier will be deemed In violation
of the Act. )

In consideration of the foregoing,
appendix A to part 228 (42 FR 27504,
27598 May 11, 1977} {3 amended DY
sdding immediately after the existing
paragraph designated “Sleeping Quar-
ters” under the major heading of
“General Provigions™ the [following
new texi:

“Slecping quarters are not consid-
ered to be ‘free from interruptions
causcd by noise under the contre! of
the railroad’ if noise levels a‘tributa-
ble to nnise sources under the control
of the rajlroad exceed an L.(8) value
of 55d4BcAY"

The princtal program draftsman of
this document was Stephen Urman of
the Office of Safety, The principal
legal draftsman was Grady Cothen.
Jr., of the Otfice of Chief Counsel

1sxied In Washington, D.C. on July
11, 1§78,
JOoEX M. STrirvaxm,
Administrator.
PR Doe. T3- 19835 Plied 7-17-T% 545 am])-

B
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PARY 228—HOQOURS OF SERVICE OF
RAILROAD EMPLOYEES

II—FEDERAL RAILROAD

Construction of Railroad Employes
- Siseping Quorters; Fina!l Rules

AGENCY: Federal Rallroad Adminis.
tralion (FRA) Department of Trans
“portation o

ACTION: Fioal rule.

STMMMARY: This document isyues
{inal rules under which the Federul
Railrcad Administration (FRA) will
corsider whether proposed sites for
the construction o* reconstruction of
sleepmyg quartess {or railroad eroploy-
‘aes subject to the Hours of Service Act
are “within or in the immediate vieini-
ty * ** of any area where railroad
gaitching or humping operations are
perfermed.” The rules are responsive
to sec:ion 20ax4) of the Hours of Serv-
ice Act thereafter act), as amended by
section 4(a) of the Federal Rallroad
Salety Act of 1978, which prohibits
the constmuction or reconstruction of
quarters for such employees within
the immediate vicinity of switehing
and humping. The rules establish
which prospective sites are subject to
FFR.A acproval, outline the (nformation
required with requests [or site appro-
vils. and indicate the general policy
eonsiderations which FRA applies in
~ruling 30 requests for such approvals.

EFFECTIVE DATE: These rules shall
become effeciive August 13, 1978,
However carrviers which have filed pe-
jons for approval pursuant to the in-
o orales .41 FR 53028 (1976 may
slect W proceed wholly under the in-
terim nules or these permanent rules.

POR  FURTHER INFORMATION
CONTACT.

Lawrence 1. Wagner, Office of Chief
Counse! {RCC-30), Faderal Ralilroad
Admerastration. 400 Seventh Street
8%, Washingion, D.C. 20590, 202-
4265-3816.
BUPPLEMENTADY INFORMATION:
Sestion 21an4: of "he Hours of Sermace
Act. as amended 45 U.5.C. 82iaxnd)),
FOmIBNS lne consiruction or recon-

rict.on of sa.iroag empiovee sieep.

MEDERAL REGSTER, VOL 43, NC. 139—WEDNESDAY, JULY

DEFARTMENT

ing quarters "within or in the immedi-
ale vicinity (as determined in accord.
ance with rules prescribed by the Sec-
retary of Transpertation) of any area
where switching or humping oper-
ations are performed.” This provision
of law became effective on July 8.
1976, (See 94-348. 30 Stat. 818 FRA
sdrinisters and enforces the Hours of
Service Act under Section SUININAY of
the Department of Transportation Act
(45 US.C. 185MI%3XA)) and a delega-
tion {rom the Secretary of Transporta-
tion (49 CFR .4%dn.

On December 3. 1976, FRA pub:-
lished in the FEDIRAL REGISTER intenim
rules {or making the required getermi-
nations {41 FR 53028;,. A minor
amendment to tne wnterim rules was
published en June 1. 1977 (42 FR
27885). A notice of proposed rulemak-
{ng (NPRM! with respect Lo perma-
nent rfues was &iso issued on Decem-
ber 3, 1976 (41 FR 853070). The ex-

-{énded deadilrie for written comments

was February 17, 1977 (42 FR 2994:
January 14, 1977). A public hearing
was convened on March 1, 1977, to re-
ceive sdditional ocral and sTitten com-
ments (see 42 FR 5387, January 28.
187N,

All comments, both written and oral.
have now been evaluated by FRA. In
addition. FRA has acquired consider.
able expenience through the applica-
tion of the {nterim rules, which ciosely
parallel those set forth in the NPRM
FRA has now decided to issue final
rules responsive to the mandaie of tne
Hours of Service Act which adopt an
approach essentially similar to the
proposed rules but which have been
refined in certain significant respeets.

Drscossion orf MaJorR COMMENTS AND
MODIFICATIONS OF PROPOSED RULES

PREIMINARY DISCTUSSION

One commenter objected to FRA S
determination that this rulemaking
does not require an evaluation of the
regulatory impact of the proposed
rules in accordance with the policies of
the Department of Transportation as
stated in the PromraL RrcisTER ‘41 R
16200; Apri) 16, 1976), since the 1ssu-
snce of these regulations is reguired
by statuie. The same commenter alsod
questioned the apparsnt absence of
eonsideration of environmental yngact
required by section 102°2%Ch of tre
Nazional Envirenmental Policy Act 2!
1869 (42 T.5.C. 4332(2%Cu. Two com-
mentars objected to the concliusion
that the .economic conseguences of
this rule are limited and ther<{ore, do
GOt require AN economic UMPAact state-
ment.
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The bdasic position stataed by b
eommenter with respect to the Secr
tary's requlatory impact policies
that, notwithstanding the exemptic
of regulations express!y mandated
statute, the only instance in which
statutorily mandated ruletnaking pr

19, 1978




ereding ‘B exempt from the impact
emulualion procedure required by the
Becretaryt policies - {8 where the
sgency has no discretion bn issuing the
rales
The FRA deoes not agree emtirely
with this narrow interpretation of the
policies establisned by the Setretary.
The purpoer of the regulatory mpect
evaluation required by the Secrestary's
policies is to assure that all of the po-
tenitial costs and benefits of 8 pro-
" posed rulemaking action are adequate-

ly assessed and congdered by the .

sarency tn an effort o Unprove the ef-
{ectiveness of the proposed regulstion
and minimize unnecessary burdens on
affected parties, Where s statute re-
quires the issuance of a rule on a par-
ticular matter the Secretary does not
heve the discretion to withhold rule
meking action even {{ {t were shown
that the possibie benefits of the rule
would not cuiwergh its potential costs.
The result or tnpect of the rojemak-
ing st hard s (n effect, prescribed by
‘“law, while FRA {s granted discretion
only == 10 how the prescribed result of
the rale might be most ressonably
achieved through regulstion Neither
*FRA por sny tommenter has been
able to identify any approsch tw ful-
{iing the mandsate of the statute
whith world be less burdensome than
the approach embodied in these rules
The statute reguires the Secretary to
fmpiement & direct prohibition rather
than to {ashion means of achieving a
more general gosl. Acrcordingly, FRA
has attempted to examine the poten-
tis! alternate means of fulfiling the
statutory mandate and has opted for
an afministrative mechanism which
will facilitate the implermentation of
the smatutory prohibition at the least
possible ccst to the industry. As re-
flected in the preamble o the NPRM
and in this preamble. PRA has consid-
ered and rejected other approsches to
distance Yimitation as weil as different
aolse leweis and descriprors. A more
eomplete gmajysis of the gnd which
" would be undertakan in the ahsence of
8 spectiic statutory mandate s not ap-
propriate In this context.

With respect Lo consideration of the
epvironmental mmpact of the proposed
regulations the FRA has performed &
groeral emvironmental assessment of
the potantial effects of safety regula-
tory actions and has determined thatl.
a8 A claxs, they do not constitute
me lor Federal actions sgrificantly af-
fecting the qus!lity of the uman envi-
ropment Purthermore, the PRA does
mo¢ beliese that the particulsr rules
Wciided | this document, 3 distin.
aished from the saiotory marxdste
flact{, will hove & [CTesecably stendfi-
cant impect Upon the qmrlfty of the
burosn sovrornmment The commenter
migpests Lhal et xesd wuste dheDasa!
rejuireTients Mg, TSe I sparsely
PrOuUsled aress ard that ths effect of

the rules should be taken into consid-
eration. This commenter does not
offer sny evidence that this possible
lmpact exists uncer the tnterim rules
or would 2xist under permanent rules
to such an extent that the guality of
the human environment will be signifi-
cantly impactad, Nor does the substan-
tive law here implemented permit
PRA to walve the statutory prohibi-
tion based on environmental cormder.
siions,

The commenter also criticized the
FRA for not having evaluated the eco-
nomic impact of this regulation. DOT
order 2050.4 defires what actions sre
to be considered major proposals for
purposes of determining whether an
(nflationary impac! analysis must be
undertaken pursuant to Executive
Order 11821, For purposes of regula-
tions which {mpact upon a single in.
dustry, the threshold leve) at which s
particular action is to be considered
“major' is an action which will resuit
& (neresced expenses of $50 million in
1 year. or $75 milion {n any 2 consecu-
tive years. The commentar stated that
the additional cost to the railroads due
to these regulations will exceed the
threshold due to the increased use of
ecommercial farilities. purchase price
of land. snd transportstion costs ne-
cessitated by these regulations.

Again, the regulations merely tmple-
ment the congressional mandate,
Bince the regulations do not go
beyond the congressional mandate.
and since no device has been proposed
for fulfilling that mandate which
would be faithful to the law &and yet be
Jess castly, it eannot be fairly asserted
that the issuance of those rules will
result in any economic impact.

The final rule permits the approval
of sites under certain special condi-
tions sunilar tw those raised by the
comrmenter. Through these provisions.
FRA Dbelieves that the rules prownde
the broadest degree of flexibility

" which {5 possible within the mesning

and intent of the statutory reguire-
ment. This {lexibility should alleniate
the more butrdensome or costly im-
Pacts. )

SECTION-NY-RECTION ANALYSIS

SectHHon 222.101(a) One commentar
suELests that all slesping gquarters now
in use be removed a —safe distahce”
from areas where switching cr hump-
ing operations are preformed. The
onty possible basit for requiring the
relocation of existing lacilities wouwld
be section 2(aX3) of the Hours of Serv.
fce Act (45 U.S.C, 6axXd)). which pro-
hitrits any carter {f{rom providing
sleeping quariess for emrioyees which
de ot alford such eorcioyees “xo op-
poriunty for rest, fres from interrup-
tions cxused by oose under the cone
ol of the railroad I elean. safe, and
aniary quarters”. Nothing 1n the leg-
ximtive hmstory of this provision Sug-
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gests 2 congressional {ntent to require
8 wholesale relocation of existing f{a-
cllities. nor would known safety con-
siderstions sopport that resuit.

. Since the Decatur actident of July
19, 1974 (discussed below) and another
major explosion in & Houston, Tex.
yard 2 months later, measures have
been instituted by FRA, the Depart-
ment of Transportation and the rzil.
roads which have already had a sig-
nificant benefical effect. See FRA
Emergency Order No. 5. 39 FR 3822

(1974); Specifications for Pressure
Tank Cars. 42 FR 46306 (September
15, 1977). Indeed. since those (%o nc-
dents thers has not been a single nac.
vertent release of flammabtle com-
pressed gas from a railroad lank car
during a ssitching operation. While
sbsolute safety {s not possible in any
“field of endeavor, FRA does not be-
lleve that it was the intent of Congress
1o require that existing sléeepung quar-
ters be moved based on existing nsks
related to the switching of hazardous
materials. Purther, FRA site visits to
existing facilities since publication of
the NPRM @ this docket have dis-
closed that nolse levels cap often be
kept within acceptable limits by use of
proper construction technigues ang.‘or
insulating matenals even where guar-
ters are quite ciose to railroad oper-
ations. FRA will continue 1o menitor
conditions In existing facilities Uo
fnsure that they comply with the law

Another commenter argued that
sleeping quarters for empiovees en
gaged 1n the comuruunicatiorn of train
orders, such as operators and ira:n dis.
patchers. should not be ncluced
under the coverage of the rules. This
contentior. was based 6n a delie! that
employees covered by section 3 of the
sct are not subect to section 2125 as it
applies to “employees” defined 1n sec.
tions 1 and 3A. It 15 clear that the "op-
erator, train dispatther. or other em.
ployee” referred to in section 3 of the
act (45 US.C. 63115 an ‘employee” for
purposes of the statute generally, al-
though some of the subtject matter of
section | is not applicable o such an
empioyee. The provisions of secticn
2¢(a) (3) and (4) purport tw apply to
employees covered by the la® general
1y and there !s no basis in the legisla.
tive bistory for Infermng & more Umt.
ed interpretation.

Section 228 .015'b) delines “iumed-
ate vicinity”™ Lo mean the area #:thin
one-half mile of switching or humesing.
except as determuned otherwise by
PRA under these rules. Ore com-
menter claimed that Corngress did not
fotend for PRA (o place any specific
distance Y{mitaiion orn the locatlion of
Incilities This contenilion was bdasec
on the House ~ommittes reper: an the
1976 lequsiation. ®hick does not spec:.
fy a mileage Lmitation cn the iacatien
of sleeping Quarters and siawes ar
intent w0 give the rairoads “'some



" flex:bility” when constructing lodg-
ings. H.R. Rep. No. 1166, 94th Cong..
2d. Sess, 11 (1976). The commenter
susgested that "immediate viciity” be
defined to denote any area where an
explosion occurring during switching
or humping operations would cause
death or injury to employees Inside
gieeping quarters. The railroads would
then fumish the FRA the basis for
thorr conclusion that thelr facilities
are located in accordance with these
principies. JU Is difficult to understand
how this approach differs from the ap-
plication process outlined ip § 228.103,
untless it is intended that FRA should
accept without active review the con-
clusions of the carrier. Certainly FRA.
as the administering agency, Is respon-
sibie [or making the judgmen! called
for v the siatute.

Anoiher commenter suggested that
TRA adopt an additional rule Umiting
“immediate vicwnity” to po farther
[rore tracks on which switching or
humping operations are conducted
than the clasest home, business,
school, or other f{requently occupied
commun:ty facility. FRA is not oblv-
jous to the irony that the policy of the
statute appears to require railroad em-
clovee sleeping quarters to be at s
greater dictance from switching oper-

tiors than some homes and sckeols.

Hewever, accepting the evident con-

gres=monal judgment that the level of

sk {rom hazardous materials {nci-
derts s sufficient to *arrant the loca-
tien of newly.constructed quarters

guls;de the zone of danger from 3@

mater coen-air detonation or similar

event, FBA has no practical alterna-
tive,

Distances of one.third mile, 2,000
and 1 mile were offered as alter-
native definitions of "immediate vicin-
ity o different commenters. Howev-
er. none of the commenters offered
artv evidence to support their recom-
mendations. FRA believes that the
proposed standard of one-half mile is
fuiiv warranted by available informa.
tion concerning the major occurrefices
i railroad yards during the current
decade. -

Cne cammenter disputed the vapor
¢loud phenomenco discussion in the
NPEM and its applicability to the De-
catur Il accident on the basis that
rone 31 the fatalities occurred Lo per-
scrns aho were inside the dormitory.
caever the Nationai Transportation
Sxfety Beard report stales that most
of the semously injured employees
were 21ther 1n the dormitory or adja-
¢arl to it. Repor: No. NTGB-RAR-T75-

feaz,

4 1374} The f{act that 316 persons
gcier than railroad employees suf-

fered “bHums. lacerations, ccntusions,
anxiay, ave mjunes. and concussions”
{5 alse significant with respec: to the
leve) ¢f hazard to persons at some dis-
tzrce from the point of {gnition. The
NTSE rezort gces o0 (C say that "the

location of the dormitary subjected
those employees to xnown hazards”,
Most likely. the existence of the quar-
ters in that particular location contrib-
uted to the congregation of persens
and the increased exposed population.
Many of the severs injuries suffered
by the 230 residents of East St. Louils
and 235 residents of Houston (similar
vapor cloud detonation occurrences in
1972 and 1974, respectively) resulted

“from structural damage and heat ef-

fects at some distance {rom the point
of igmition. Since vapor c¢louds may
spread for hundreds of {eet before en-
countering a source of jgnition, any
potential sleeping quarters site &ithin
one-hall mile could be affected. de-
pending on the overall circumstances.
In support of an absclyte l-mile lim-
itation, cne commenter urged that the
pearly § percent of large [ragments
that fall between one-half and i mile
In a major explosion or detonation
present an unacceptable risk to a
person sleeping i{n that area BSee
NPRXM, 41 FR 52071. FRA does not be-

"lieve that the gain in real safety at

this distance adequately justifies such

‘s determination. Nor would the legis-

lative histery of the provision appear
to provide any support {or the proposi-
tion that Congress anticipated a rule
of such rigidity. :

Section 228.101e) (1), (2. Subpar-
graphs ¢1) and (2) of §228.10l®)
define the terms “construction” snd
“reconstruction”. Since the acgtions
prohibited by the statute are Integral-
1y related to the types of {acilities cov-
ered, comments addressing both is-
sures are discussed here,

One commenter suggested that a
new section be added to the regulation
which would prohibit the railroads
from locating any movable sleeping
quarters within an unsafe distance of
railroad vards. The commenter ampii-
fied this suggestion to include not only
trailers and rolding stock. but also

hotels and motels selected by the rail-

roads for use by their employees. FRA
did pot intend piacement of mobile
aleeping quarters such as traiiers.
camp cars. or modular units to be out-

- side the scope of ‘these regulation. Po-

tential hazards to employees in these
facilities are no less serious than those
{mposed on employees housed in per-
manent facilities. Teo clarify ‘ this
intent, the definition of “construc-
tion™ in §228.10lt¢eX !} has been ex-
panded to include the placement of
mobile or modular units. 1n addition,
the acquisition of an existing suucture
for use as sleeping quarters is listed as
an event clearly within the purvias of
Lhe statute and tbese regulations.
However, the regulation of places of
public accommedation such as com-
mercia] hotels and motels is beyond
the scope of FRA authority under the
Hours of Service Act. It is clear [rom
the language of tha act read in light of
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the legislative history that quarters
provided in places of public accommo.
dation under an ordinary arms-length
transaction are not governed by sec
tion 2(a) (3) and (4). See H R, Rep. No.
1166, 94th Cong.. 2d Sess. 11 (1876). Of
course, U a railroad acquired owmer.
ship or control of a commercial hotel
or motel for the purpose of housing,
employees, the fact that the facility o
some portion thereo! %as open to the)
public would not avoid the applicabil-
ity of the Hours of Service Act and the
prohibition of section 2(aX4). In such
B case, Lhe emlover-empioyee relation.
ship would clearly be more relevant
than the innkeeper-guest relationship
w«hen viewed In the light of the stat.
ute.

Concern v'as expressed by one com-
mentar whether these rules wou!d
apply only to sleeping quarters con-
structed or reconstructed by a railroad
or its agent and owned by the railroad.
and not wo sleeping quarters owned by
others and rented by the railroad.
Again. FRA does not believe that the
legal or equitable owmership of newly
constructed sleeping quarters is rele-
vant Lo railroad employee safety. The
act makes it uniawful {or 8 carrier “to
begin construction or reconstruction”
aof sleeping quarters which are to be
provided for covered employees. It
makes no difference that the carrier
may act through an intermediary or
that the quarters may be constructed
on the property of others, £0 long as
the carrier is acting to provide sieep-
{ng quarters. These rules are coexien-
5ive with the statute with respect o
their coverage.

One commenter suggested that re.
constmuction be redelined to include
all activity Involving an expenditure of
50 percent or more of the original cost
of a facility as adjusied 1o account for
{nflation. FRA believes that the re.
placement cost is a more realisiic crite-
rien and capable of surer application
over & long period of time, since buiid-
ing costs do not [ollow ogverall price
trends and original cost may not be
available. Additiornally, newer facliities
may use different design and maiernal
specifications which make them not
readily comparable to the origirnal con-
struction.

Indeed. FRA has noted in its admin.
{stration of the interum rules that the
phrase ‘rore than 50 percent ¢f the
replacement cost of such facllity”
(Rule 1iexn 2y 41 FR 530300 is suscep:i-
ble 1o twD construcuons. Specifically.
“replacement caosi” could be read O
refer either to (1) the cost of redlicat-
(ng an existing structure by use cf the
ariginal design and materials specifica-
tions or (2} the cost of replacing the
old siructure w1th a contemporary
structure of the same capacity Sullt
according L0 contemporary methods
with matenals customarily used fc
such a facility at the time the expend;-




tures’ are commenced. FRA Intended
the seecond mesning: bot H is recog-
alzed mat the interim pule couid be
fead either way The final rule ciari-
fles thiz jssue by stating that the re-
placement coet 5 L0 be estimsted on
the basis of contemporary construe.
‘tion methods and materials and use of
the existing cite. c-

Concern was also expressed by a
eommmenter that, under the proposed
definition. a carrier could possibly
nagger ita expenditiures over a pericd
greater than 18 months and eventugl-
\¥ reconstrurt s pew facility without
FRA approvii of the site. FRA agrees
that the proposed definition does open
an unwarranted avenhue for evasion of
the statutory prohibition. Accordingly,
‘the final nule has been moduied to in-
dude any work involving the expend-
ture of the specified amount {rregerd-
bess of a {ixed time period. Routine
maintenance would still be excluded
‘{rum the computation

Sextion 228101eXd) defines the
term “switching or bumping oper-
stions”. (Sihce “humping” (s reslly 8
method by which cars are switched, a
separale definition is pot provided in
the reguiations.}) This definitien pro-
voxed the grestest number and variety
of ecomments ¢f any provision in the
proposed regulations. FRA's basic ap-
proach to defining this term has been
o identify substantially all of those
circumstantes in which there is a po-
tential for the occurrence of high
speed Impacts ¢f cars which might
resuit o the release of dangerous haz.
ardous materials. Since this potential
exisls o many situstions other than
the classifiration yard (the area of
highest risk). FRA has attempted Lo
corsiruct a reasonably inclusive defini-
torn.

A number of commenters remarksasd
that the proposed delirution of switch-
{ng operations (§ 2T8.1014¢ X)) was too
broad becsuse mevement of non-hez.
Ardous material cars was (ncluded
Thois coptention was based on the
belief that the art was not meant to
bar consiruction of sleeping gquarters
Desr aress There only non-hazardous
corimmodities are handled. assuming
the criteria of sertion 2(aX3) are met,

FPRA agrees that primary tmpetus
behind the enactment of section
2xe) wrs the accident that occurred
8! Decatur. [l on July 18 1974, As a
result of an accidental release and re-
sniltant explasion of 8 product which
ocuTed during the switching of haz-
ardous maternals, seven employees
were Yilled and another 33 were in-
Jured According te the National
Trosporation Safety Board: “Most
of the injured empioyees were either
In ths dormitory or adinesent Lo ft. All
of those who were fatally burned were
outsice of the dormitory.” Report No.
NTSB-RAR-75+4 (July 18, 1974

Bince the commentars generally
agreed that the proposed definition of

switching operstions was UNNECESSAr-
{ly broad. the final rule has been modi-
fied o include only the switching of
ears required to be placarded in se-
cordance with the Department of
Transportation Hazardous Materials

‘Regulations (49 CFR 172.504) In de.

termining whether hazzrdous materi-
sls cars are switched or humped
within the distance for which sppro-
vals are requlred, the rule requires the
carriers to ascertain whether such cars
have been switched on the given track-
age within the past 365 days. In this
way, traflic is surveyed over an entire
seasonal cycle. In addition. s carmer
seeking to determine whether a peti-
tion should be {ied must consider its
plans for future use of the trackage. .

FRA {s aware that this approach to
deflning “switching operations” wil}
mean that most operations considered
“switching’ under the proposed defini.
tion will also be considered “switch.
Ing” under this definition. However,
given the sirong language of the stat.
ute |t appears that little lat{tude
exists. The Secretary (s required to de-
termine the ares of significant risk
around switching and humping oper-
ations. Acting under & delegation from
the Secretary (48 CFR 1.4%d)). FRA
has decided that enlightened determi-
naticns can be msade only by examin.
ing concrete clrumstances in the light
of the statute's intent. Within the

area of presumed risk (one-half miie),.

the rules requires that specific approv.
al be sought.

The approach of the final rule goes
beyond the suggestions of two com-
menters concerming the categaries of
hazardous materials which should be
comprehended by the definition of
“switching’.

One commenter would have Included
oniy the swilching of sars requiring
special hapdling under Federal regula-
tions. Another would have included

most placarded cars, but would have

excepted Lhose containing substances
such as corrosives, irritating matenals.
combustible Liguids, class C explosives.
radioactive materials, etc. FRA be-
Leves that the safety of emplovees
would be best served by s ewreful ex-
amination of any situation in which
plecarded cars are switched within
one-hzlf mile. ’

However, the sommenters seem cor.
rect 1n challenging whether the sirin-
gent requirements of the preposed
§228.105 are hecessary with respect 0
fites within enethird mifle of areas
where some types of piacarded cars
are handled.

FRA recognizes that there msy be
locations where some local or {ndustni-
ol switching 8 conducted but where
the most volatile—or dangerous maten-
als are not switched Therefore, in
order 10 assure appropriate flexibility.
8§ 228107 and 22B.105 have been res.
tructec. Section 228.103 now specifies
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basic requirements for petiticns relat.
ihg to all sites within one-half mile of
switching or humping operations in-
‘volving any cars required to be pla-
carded by the Department's hazardous
materials regulations. Section 228105
now gpecifies additional. more strin-
gent requirements for those proposed
sites which are within one-third mijle
of switching which involves cars re-
quiring special handling under the
hszardous materials regulations (49
CFR 174.83(b)} or FRA emergency
order No. § (39 FR 38230 (1974). This
refinement eliminates any unnecces-
sarily harsh effect of the proposed
one-third mile rule by assuring that
the more strict features of that pro-
posed provision will app!y only where
they are clearly required.

Other suggestions which would

- reduce the reach of the definition
have been rejected. One commenter
suggested that the dellnition include
only the classification of cars by
huamping or flat switching and the
making up of cars into trains by a yard
cre® for train movements. but that it
not include changing the position of
cars for puwrposes of loading., unload:
ing, or weighing and the placing of lo
comotives and cars lor repair It was
Also sugRested that the qualifying
words “while enroute to the trains
destination™ be deleted from the ex-
emption on movement of cars by a
road locomotive. .

FRA does not entirely agree with
these suggestions. As stated above. as-
surance of safety requires that all op-
erations which occur \n a railroad vard
or sumilar facility that have a poten-
tial for excessive speed impact or
other sccident involving hazardous
materials be inciuded. Yard move.
ments of hazardous materals cars {or
repair or for loading. unioading. or
weighing satisfy this criterion.

The definition of switching oper-
ations excludes “piacing locomotives
or cars in a train or remowving them
from » train by & road locomotive
while en route to the train’'s desuna.
tion.” The purpose of the exclusion as
used in this context was to except inci.
dental picking up or setting off of cars
by a train on the line of haul. As used
in these rules. the exclusion is not in-
tended to excep! the assembling of
trains or reblocking of trains by road
jocomotive at a yard Fhere switching
locomotives are not avatlable or 3'here.
for whatever reasons road Dower is
used for switching functions. Switch
ing operations performed bv a read lo
comotive are not sufficiently distinet
from those performed by a vard loco-
motive to justify the:r exclusion. In
either situation, the potential for over.
spead impacts exists, Accordingly. this
language has been retamned n the del)
nition.

Ancther commenter suggested thar
the definit;ion should inciude the



© repair of locomotives to ensure thxt
sleeping quariers are not placed pear
potential [ire hazards and sources of
noise. The proposed nuls did inelude
the placement of Jocormotives for
repair within the difinition of switch.
ing. However, the central intent of the
act and of these rules is to minimize
the hazard to ruilrosd employees from
movements of cars containing hazard-
cus materials and to afford employees
an opportunuty for uninterrupted rest.
FRA has no data at this time indicat-
ing that locomoative shops and engine
houses as a whole present hazards of
an equivalent magnitude. In any
event, in virtually every situalion
where a proposed site {s close to such
structures there will alsc be some op-
eration defined as switching conductad
within one-hall mile of the site. FRA
can then consider special circum-
stances related to locomotive repsir in
wssociation with other relevant fac-
tors. (See revimion to § 228.107{(b)).
Nowse due to locomotive repair oper-
slions is more appropriately addressed
under §228.107, which requires an
evajuation of projected noise levels
from all noise saurces under the con-
trol of the railrosd. Any poise compo-
pent resulting from repair activities
would be refiected in that calculation
Section 228.10HeNd) has been re-
vised to emphasize the f{act that pro-
posed sites may fall Tithin the statute
and rules by virtue of proximity to the
operations of other railroads, as well
as those of the carrier which proposes
1o undertake construction of sleeping
QUArLers.
Secnion 228.101cid) defines "pla-
carced car’ to mean & car required Lo
pe placarded by the Department's

Hazardous Materials Regulations (49
CFR 172.5041.

Seciion  2218.101t¢)5) defines the
technical nose descriptor Lo, (8)7,

See discussion of § 228.107. below.

Section 228,103 outlines the informa-
tion required to be submitted 1o FRA
in corneciion with a petition for ap-
groval of any site located within one-
haif mile of s®itching or humping op-
eralizns. A nes paragraph b)) has
beer. added to the section clarifying”
the effect ¢l the pew definition of
s¥ilching operations (§228.101eX3IN
on the rezurement of FRA approval,
In the apsence of carrier records con-
cerming :raffic switched withun ane-
half m:le 2f the s5;le. the rule creates a
presamz-tion that some hazardeus ma-
terigls ars switched at the facility and
thii therefore. a peltion must be
Ided, The presumgtion is [ully war-
ranied v comrrnon traffic patlerns in
the ‘noustry [ndead. relatively [ew lo-
catic—o exisi wrere hatardous materi-
2.~ are oot handied at all.

Sectworn 225 10Jcc' now provides that
gelil,ans shall be filed zith the Secre-
vars of FRA s Rallrcad Safery Board
nstead of the docket cierk. Thus

chinge conforms these rules to FRA'S
procedural rule on special approvals
(4% CFR 211.55). The only other de-
parture from the NPRM in this pars-
graph is a revision to subparagraph
(7), which requires that the carrier’s
estimate of hazardous materials cars
be based on a full aeasonal cycle of 365

.days. The rule does not specily sny

particular sampliing technique; howev-
:;.. & representative sample s intend-

One commenter criticized the certifi-
cation requirement (§ 228.103(cX8))
{for spparently requiring representa-
tions concerning planned utilization of
trackage or construction of trackage
by both the appiving carrier and any
other rallroad with nesrby property or
trackage, FRA (ntends that s carrier
be required to certify only {ts existing
plans for utilization of trackage or the
construction of new trackage. Obvious-
1y, it would be impossible for & carriet
o certdy Information eoncerning the
present Intent of another rallroad.
(However, it 15 expected that the exis-
tence of rallroad emgloyee sleeping
quarters should be an tmportant deter-
minant of future track location plans
by s mllroad.) The provision has been
modified sccordingly to betler express
this intent.

Section 27%.103td) requires that the
carrier serve a copy of the petition on
employee representatives and 0 indi-
cate 1o FRA. The purpose of this pro-
vision is to assure timely comment by
the principal parties who would be af-
{fected by any FRA acticn on the peti-
tion. (As a matter of administrative
routine, FRA will noti{y any other in-
terested person who wishes to be kept
informed of the filing of such peti-
tions and FRA action thereon.) One
commenter suggesied that more
formal procedures for employee par-
ticipation should be adopted. FRA
will, of ecourse, receive and consider
ANy wTitten protest to & petition and
will provide oppertunities for oral pre-
sentations in appropriate instances.
Eowever, FRA believes that the gener-
al rules of practice (48 CFR Part 211:
41 FR 54181 (1976)) provide an ade-
quate framework for administering
these approval procedures.

Section 228.105. a& restructured for
Iinal issuance. specifies addiuonal in-
formation which must be submrted
and additional conditions precedent to
FRA consideraticn of a pelition for
approval af a site located within one.
third mile of switching or humping op-
erations \avolving hazardous maerials
cars which require special handling.
Unilike the proposed rule snd interum
rule, the additional requirements of
this section would not apply to sites
within one-thurd oule of wackage on
which the enpumersted Types of traffic
are not switched. This relaxation of
requirements may provide addiuonal
flexibidity with respect Lo crew change
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points on certain branch Unes and lo
cations where only local switching i«
conducted. However. no detriment tc
safety will result. Assurning s0me haz
zrdous materials traffic s switche
within one-half mile of the proposes
site, FRA will still review the concrete
elrcumstances involved under § 228.103
o,ind may spprove or disapprove the
site.

Three commenters suggested thatl
the approval procedures for construc
tion within one-third mile be entirely
deleted, arguing that the information
required under §228.103 15 sufficient
for evaluation purposes. FRA does not
agTee. Appropriate combinations of
additional precautions and physical re.

strictions identified under £ 228.105
(favorable topography, existence of
barriers, soundproof construction)

should be present for approval of sites
which are quite close to areas of po
tential hazard. Moreover, under the
pelicy of the statute a carrier should
be required to exhaust all potentially
feasible siternatives before proposing
canstruction on & site within one-third
mile of switching which may involve
the possibility of & major hazardous
materials acvident. The rule as adopt-
ed addresses these concerns.

A number ¢of commenters obiected to
the requirement of the proposed rule
that no feasible zlternate sice be avail-
able “"al &Ry cost” before FRA 15 re.
quested to approve a site within ane.
third mile. FRA is inclined to 2gree
that commercial feasibility offers 2
more realistic test of the efforts of ths
earrier to locate the planned sleeping
quarters bevond one-third mile.
Therefore, the ftnal rule has been re.
rised accordingly (& 228.105cavwin
Problems with alternate sites similar
to these suggested by the commenters
involving factors such as unavailati-
lity of land, isclation of facilities, lim-
ited water and sanitation capac:ty
etc.. will be evaluated on a case-by-case
basis, tn conjunction ¥ith a thorougn
reviex of safety protection at the pro-
posed site.

Two commenters claimed tha: the
existence of adequate natural or artifi-
cial barriers by itse.’ obviates the need
for establishment of unavalability of
an alternate site or for the subgussion
of additioral data. The FRA does not
sgTee with this contentioa, Relance
on the existence of a2 barrer as the
sole criterion in judgung the sa‘els of a
potentlal constructiorn localion =& nol
prudent To prevent the diffusicr of a
toxic or flarmmabie gas ints crew quar-
ters and to ulow for unznrticipated (g-
nition sources under ail conceivabie
cireumsiances, @ completely effective
barrier would have o enclose com-
pletely the s¥itching operations or the
quarters. Obvicusly, it %1 be neces-
sary for the carrer and FRA L& evaiu-
ate 3 oumber of other facicrs befor
reacning an wformed decision.



One commenter suggested that the
section on approval procedures for
construction within one-third mile be
expanded to {nelude additional precau.
tions for insuring employee safety
{rom explosions and the escape of poi-
sonous gases. Additionelly, require
ments concerning respiralory protec-
tion and minimum strength and con-
struction of barriers would be speci-
fied under the commenter's approach.

FRA sgrees that sdditional precau-
tions may be appropriate in individusi
circumstances and that FRA should
evaluate the adequacy of barriers amd
the need for further safeguards How.
ever, it appears from the wide varety
ol eircumstances encountered by FRA
in administering the (nterim rules that
such concerns are best evalusted in
the context of inaividual petitions,
The {inal rules indicate that {t Is the
carrier's responsibility to consider ad-
ditional safeguards prior to {{ling & pe-
tition (§ 228.105¢a K 4)). Under
$228107, FRA will independently
review the carrier's plans and may
impose specific conditions on approval
of the petition.

With the restructure of #§ 228103
and 228.105, a further sditorial change
has been made in §228.105. Subpara.
graph (b4} of the proposed § 228,105
has been deleted as redundant. since
§6228.1031¢ex ) and 228.10%i¢) of the
-{ina! rules adequately address the
question of projected noise levels.

A nex paragraph (b) has been added
to § 228105 stating that, In the &b
sénce of records eswablishing the ab-
sence of certain hazardous materials
activity on the nearby trackage or ade-
quate plans to divert such tralfic from
the nearby trackage in the future, ap-
proval of the site shall be subject to
the additienal requirements of
§228.105.

Sectwon 2285 107 covers the proce
dures and fundamenta! criteria for
FRA action on petitions fied under
§228.103. In readicg the final rules as
& %hale and this seclion, in particular,
it should be appreciated that FRA
action on any petition 5. 1 the {inal
anaivsie, discretionary. That s, com-
pliance with the rules by a petitioning
carmier will not. by 1tself. entitle a peti-
tioning carmier (o [avorable action. If
the myrad circumstances bearing en
{ndividua! situalions were cspable of
sutomatis quantflication and applica-
tion. an agprovas procedure would not
be necessary.

The 2wo general! criteria for FRA
wciion are se! {omh 10 paragrach (b)
of §228 107, I weighing the ‘materal
factors” which unpact on those crite-
ria cernpicyee safely and projecied in-
ternor nowse:. FRA wul consiager the 1n-
format.on provided by the ¢arrier. 1n-
formaiior developed by an FRA fleid
investigat:er.  and any nformation
srevided By oiher interesiec parties.

SubpamizTanh bl of 1028107 bhas
been amena<s o i {inai form .o ore.

flect the fact that once s 'site becomes
subject to FRA scrutiny under these
rules. FRA must consider all {actors
bearing op the safety of the facility.
That is. FRA cannot divorce s re-
sponsiblities under section 2(aX3) of
the act (45 UL.C. 82(aX3)), relating to
the mfety of all sleeping quarters,
from its responsibility under section
2(s)X4), relating to cdnstruction or re-
construction of such quarters.
Parsgraph (¢) of §226.107 addresses
the issue of maximum noise levels.
‘Two commenters claimed that FRA
lacks jurisdiction to promulgate noise
regulations under section 2(a) of the
Hours of Service Act. The purpose of
sddressing maxiroum noise Jevels (n
these requistions is W assure that
FRA will not sapprove construction of
& fscility under these rules and then

be forced to seck remedial action -

under section 2(&X3) of the act be.
cause noise levels are excessive. There-
fore, o the extent poasible FRA will
#teX to ascertain that ¢errriers have
made proper sllowances in buliding
desizn o assure that noise levels will
be within limits permitting uninter-
rupted rest.

The purpase of mecifying an objec.
tive standard which FRA will utilize in
evalusting potential noise levels is to
assure fairnmess and to encourage intel-
ligent ecxrmier planning. FRA recog-
nizes that & single objective standard
will fall shert of producing perfect rest
conditions in all setiings. However, an
objective maximum Jevel for nolse
within the control of the carrier is
pecessary as a too] {or administration
of the act and as & henchmark for the
industry.

Another commenter suggested that
the nowse levels should zpply to all
new and cid sieeping quarters, not just
those new quarters constructed within
one-half mire of switching or humping.
While that specifilc suggestion is
beyond the scope of this rulemaking,
FRA agrees that action should be
taken Lo declare whsat basic standard
FRA w1l]l employ In administering sec-
tion 2(ax3) of the sct. Therefore, in a
separate document also lssued on this
date. FRA declares that the standard
adopted herein {or pew Or reconstruct
ed Iacilities shall be employed by FRA
a5 2 guideline in administering section
XaX3) of the act. )

Through the NPRM. comments were
solicited on the ability of the industry
to meet the Deparument of Housing
apd Urban Development (HUD) poise
criteris  specified in the proposed
$2258.107 and on whether upper limits
should be set om intermitient noises
exceeding the proposed 45 dB(A)
mandard (41 FRS53 072 (1976 The
commenters ook 1ssue both with Lthe
proposed notse levels and the descrip-
tors usec Lo cajculate given levels over

tume
The Environmen:al Protectiion
Agency 'EF A, disagreed with FRAs
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use of the HUD descriptors set forth
in HUD Circular 1390.2. EPA's recom:
mendation was that FRA employ an
equivalent steady state sound level
(L.) as the descriptor, with an B-howr
criteria level of 45 dB(A). EPA pointecd
out that the HUD standards were not
to designed to accommeodate sounds o!f
the character found in railroad oper-
ations.

FRA agrees with EPA that the L.
descriptor is more appropriate for the
railroad epvironmoent, The EUD crive-
ria limit noise Jevels from exceeding 5%
dB(A). for more than 60 minutes ir
any 24-period (Luy) or 45 dB(A) for
more than 30 minutes (n any 8 hour
period (La.). However, the HUD crite:
ria make use of only the guietest (92
or 96 percent) of the total exposure
There 5 no limitation on the maxi
mum single event leveis which make
Up the noisiest seven or {our percen:
of the time. These periods potentially
have the greatsst influence on sleep
disturtance. . “L.", which 15 a time
weighted energy mean cescriptor
gives proper and significant weighting
to high intensity short-lived noise:s

-which might not be adequately ac

counted for in the L., or L., scheme.

In support of the decision. it may be
poted that is now being widels
used (n the ustical community. Ic
particular, the Depariment of Defense
has officially adopted the descriptor ir.
fts program to control noise at mili
tary airfields. The Federal Avialior
Administration has accepted L., as one
of the descriptors for evaluation of ¢
vilian airport noise umpact. The Feder
sl Highway Administration has accept
ed L, as an slternative descriptor ir
fts regulation on planning and design
o0f hew highway projects.

However, FRA believes that. with
the implementation of the L, descrip
tor, & 35 dB(A) level is more appropr
ate than the 45 dBtA) HUD level. Be
¢ause railroads generally operate on &
24-hour “around the cleck” basis, this
design goal should be me! during an 8
hour period.

A number of commenters believec
that the HUD 45 dB(A) leve! was toc
ptringent and was not necessarily in
dicative of 3 poor sleeping environ
ment. Concern was alsc expressed tha:
the establishment of & 45 dB: A leve
would prohibit the use of individaa
air conditioning and heaiing umts. AL
of the cotmmenters. Sith the sxcerntior
of EPA. agreecd bv he time f th-
publc hearing thet a 55 dB'A. leve
would be more appropriate to the rail
recad epvironment and would provide
an adequate measure of the condition:
pecessary to permit unintervuple:
rest. In developing these standard:
FRA has a:tempted Lo strike a balan:
betweern that shicth s mosi aesirici:
and that whickh 1s feasitie. The lina
determinant has been the agilily ©
rairoad empioyees L3 obtawn un:nter



rupted rest. FRA agrees with those
"commarters who suggest that 355
“4BCA) provides an acceptable measure,
.~ One eomonenter sugzesied that an
waper (it of 60 dB(A) de specified
{ar !ntermitlent noives which were
pernitted {0 exceed the 45 dB(A)
‘wardard {of des than 30 minuies In
an 3 hour day under the NPRM. Un-
forturetely, at this time, there wre se.
mous questions concerning sdedqoaey
-l murrent sheen disturbarmce data that
would support the selection of spectific
singleeent maximum. FRA wi! be
eloseiy monftoring the wiflity of the
adopted criterta n evuluating the
effect of particular noise events on the
£ eing envirorement near raflrosd op-
eations. The L, dexcriptor will, of
teurse, mitigate the effeets of loud
sirgleevent ntrusions by tcehuching all
sngle-event marima In the eneryy cal-
cunlation, '

The unanimoos opnion of the com-
mente~ oo the inclusion of back.
Fround soltye from afr econdittoning
&ndd brealing spetexs Ln.polse ealeula-
Thors was thst mdividow! units, under
*he control of the Individual employes,
unuic not be somndered FRA con.

that the ioclusion of backgroand
m:’& frorn Tuere LS I0 DOLSE eTANLS -
Hons *ould te inapiropriate, The rule
has been changed accordizgly.

The subject of pomse gensrated by
asparys and Wallie over highways was
st rused m oomment One com-
mentes cted the pongrescional com-
l.ee report 00 the act snd its state-
epent Lhal s railrosd is responsibile

cerdy {or the poise its operations are
creatng HUR. Rep. No, 1168, 94ih
Cang.. «d Sess. 11 (}1976). PRA agrees
[$¥14 f‘onxr-.ss focused on noise created
tirec.l; =y e radroad in fashioning
sectian Tras s, wikich applies to exist.
icg a0d future sieeping quarters. Cer-
tausiy 3 =artier does exercise a degree
of codirol over environmental noise by
wwiue of s chaice of site far lodging
tacinues To the extent passible, FRA
‘urges carriers. in their site selection
slans, W cansider such hugh noise
scurces and theiwr effect on uninter-
mapled sieep {or employees Hewever.
@ven “he unanimous view of the com-
meners on thus issue, FRA will net
consider nowse whuch is not generated
by mulrcad operations and associaled
ralroad activites in making determi.
nal.or: cnder these rules. It should be
reizd tnat nolses generated by rmil-
™gag repair faclities. carTier oublic ad-
dress sysiems, and ceniral healting and
cOGiing Alants are "WKALhin the control
of the railroad” and, thus, subject to
e 3o,

These améntmants are [ssued under
authorily of secldon J1aX4{) of the
HWeurs of Sertice Act (45 TUSC.
€arM4)). a5 amended by section 4.
b L Ne #4042 90 Wt £18 and
Jodxdy of the regulations of the
ce 5! the Sacretarv of Transporia-
o 18 TFR L iody

§228

... The principal program draftsman of
. this document was Stephen Urman of
"the Office of Safety. The principal
Jegnl draftstman was Grady Cothen,

+Jr.. of the Office of Chief Counsel.

+ Ln consideration of the [oregoing.
part 228 (s amended s foliows;
1. By dividing Part 228 imto three

"subparts and revising the tahle of con.

tents to read as follows:

Susdvpart A——ioyroans|

Sec.

281 Scope.
728.3 Apolicatien.
2285 Definitions

Subpart —Lecords snd Regerting

2287 Hours of duty.

23835 Raurved records; general

228.11 Eours of guty records,

7213 Traun delay records.

228.15 Record of train movements Yept st
repoTiing Mxtion.

‘12817 Dispaleher's recovd of tran wmowe-

ments.

138.19 Monthiy reparts of exoesy service.

22821 Cinl penaity.

228.23 Cruminal penalty.

Subpan C—LConstructien of Empieyes Reeping
Suarters

22101 Dnstanee requirement; defindtions.

22%.103 Approval procedure; consirpcgon
wnthin ape-hal!l mue (28540 feet) (B84
Beilrs),

28.105 Addiuonal requirementis coastruc-
tion within one-third mile (1,760 leet)
(536 meters) of certain svilching,

238.107  Action on petition.

AcTRoRrTY: Sec, Navd) of the Hours of
Service Act (45 U S C. 62 (a1 4)), AS amendea
by sec. 4 Pub 1. No. 94-348 S0 Siuaz 818
§ 1.45(d: of the regulations of tae Office of
the Secretary of Transporialion (49 CFR
1.45¢dy,

Subpart A—General

2. By inserting “Subpart A—Gener-
&l” as 2 centerhead ummediately above

. §228.1 and by revising §228.1 (o read

&5 {ollo¥s:

Scope.

This part-—

(a) Prescrihes reporting and reeord
keeping requirements with respect! to
vhe houre of service of certain ralyoad
empleyees. and

(b} Esiablishes standards and proce-
dures cancerning the construction or
reconstructian of emplovee sieshing
quArters.

Subpart B—Records ond Raporting

3. By inserting “Subpart B—Records
arc Reporiing” as a centerhend mme-
gdiately above § 228.7 and by adding the
fclowing new subpart
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Subpart C—Construction of Employee
Sleeping Quarters
§228.101 Distance requirerment; defipi-
tions )

(a) The Hours of Service AclL s
amended (45 US.C. 61-64b), makes it
wnlawful for any common cairier en-
raged o interstate or foreign com.
merce by railroad to begin. on or after
July 8, 1376, the construction or recan- «
struction cf sleeping quarters for em.
ployees who perform duties covered by
the sct “within or {0 the immediate vi-
anity (as detetmined w1 accordance
with rules prescribed by the Secretary
of Transportation) of any area where
railroad swalching or humping oper.
stions are performed.” 45 US.C.
&2(ax%4). This subpart sets forth (1) a
genera] definition of “immediate vicin-
Ly (§228.101b)).  (2) procedures
urder whuwch a carrier may request 3
determination by the Feders! Rarocad
Adminisiration that a particular pro-
posed site & not within the “immed-
ate vicinity” al railroad swilching or
humping operations (44 228,103 and
228.1051, and (3) the basic eriteria uti-
lized I evaluatlng proposed smtes
1§ 328,107

(b) Excert as determined in accord-
ance with the provisions of this sub.
part. *"The immediate vieinity™ shall
mean the area within orne-half mile
(2.640 feet) (804 meters) of switehing
or humping operations as measured
from the nearest rail of the nearest
trackage where seitching or humping
operations are performed to the point
on the site where the carner proposes
to construct or reconstruct the exter-
or wall of the structure, or poriien of
such wall, which is closest to such op-

eratjons.

(¢) As used in this subpart—

(1) “Cansiruction” shall mfer to
the—

(i} Creaticn of a new f{acility=

(ii) Expansion of an existing {acijty:

(i Placement of a mobile or modu.
lar facility- or

(ivy Asquisition and use cof an exist:
tre bu.ld.ng

(2) "Reconstruction”’
the—

(1) Replacement aof an existing facllj.
ty with a new facility on the same site.
or

({iYy Rehabilitaticn or improtement
of an existing fac:lity 'norma; pamodic
maintenance excepled' mvoiving the
expendilure of an amount regresen”
ing more than 50 percent of Lhe coe:
of replacing such faclity or the same
site at the ttme the work of rekhabilita.
tion of !mprovement began, the re.
placement cost to be esiimated on the
Pasis Of conlemporary consiruciion
methods and materials.

{3y “Switehing or humping oper
gtions” imcludes the classificalicn 2
placarded rajlroad cars accordayg
comrmodity or destination. assemz..n.

shall refer to




of placarded cars {or train movements,
cthanging the position of placarded
cars for purposes of lcading. unload-
ing. or weighing, and the placing of
piacarded cars for repair. However,
the Lerm does not inciude the moving
of rall equipment in connection with
wory, service, the moving of a train or
part of & traun within yard ltmits by a
road locomotive or placing locomotives
or cars in a train or removing them
from a train by 2 road Jocomotive
while en route to the train's desting.
tion The term does include operations
within this deflnition which are con-
ducted by any railroad: it is not limit-
ed 10 the operaiions of the earrier con-
Lermnplaing construction or teconstruc.
tlon of rmailroad emplovee sleeping
quarters.

(4) “Placarded ear” shall mean g
railroad car required to be placurded
by the Deperiment of Transporation
hazardous materials reguiations (49
CPR 172804

(5} The term "L (8)" shall mean
the equivalent steady state sound leve]
which {n 8 hours would contain the
same acoustic energy as the time-vyary.
{ng sound level during the same time
period.

§ 225163 Approemy! procedure  esnmorec.
ten within owe il mile (2640 foct}
(RO prrgtors ),

ta! A common carrier that has devel-
oped plans for the construction or re-
construction of sleeping quarters sudb-
ject 1o this subpart and which is con-
sidering 8 site less than one-half mile

(2,640 feet: (B04 meters: (1o aNY &res

where switching or humpitng oper.

stions are performed measured from
the nesres! ruil of the nearest track.
age utiized on & regular or intermst-
tent basis for switching or humping
operziions to the pont on the site
where the carTer proposes W oon-

SLrUCt OF reconstruct Lhe extenor wall

¢of the structure, or portich of sach

wail. which s closest to such oper-
aticns, must obtain the approval of

Lhe Federai Railroad Adminisiralion
{ore commencing construclicn or re-

construction on that site. Approval

ma; be requested by filing a petition
conforming to the requirements of
this subpart, -

th A carrier is deamed o0 have con-
ducted switching orf humpmg oper-
alions on particular tracxage within
the meaning ¢f this subpart if plamard:
ed cars are subjecied W the opertions
described 1in § 22E 10):e%3) wthin the

I63-gay period lmmediately preoeding

the date consiruclion oFf reconsiruc-

ton % commepced or H sech oper-
ations are 0 be perritted on such
trackege after such date 1/ the carrier
does ot have reliable records coroem-
tng the traffic handled on the track:
age within the specified penod. it shall
be presumed hat swiening of pla.
cmarced cars S conduciwed al the loce-

tionn and construction or reconstruc:
tion of siesping qQuarters within one-
hall mile shali be subject o the ap-
proval procedures of this subpart.

(c) A petition shall be filed in unipli-
cate with the Secretary, Railroad
Safety Board, Pederal Rallroad Ad-
ministration. Washington D.C. 2065580
and shall eontain the following:

(1) A brief descriptior of the type of
tonstruction planned, tneluding mate-
rials to be employed, means of egress
from Lhe quarters, and actual and pro-
Jjected exterior noise levels and pro-
Jected (nterlor noise levels.

(2) The pumber of employees ex.
pected to utilize the gquarters at full
eapacity;

(3) A brief description of the site. tn-
cuding:

(1) Distance from tra-ckaee
switching or humping operalions are
performed, specifying distances {ram
particular functions such as classifiea-
tion. repair, assembling of trains {rom
laryge grours of cars, ete, ceters:

() Topography within a general
ares consisting of the site and sil of
the rail facilities ciose to the site;

(i) Location ef other physical im-
provernents situsted bBetween the site
and aress where railrosd operstions
are conducted

(4) A blueprict or opther drawing
showing the relationship of the site 1o
trackage and other planned and exist-
he facilities;

(5) The proposed or estimated date
for commencement of construction:

{6) A description of the average
number and variety of rag operstions
n the aress wiun one-hall mile
(2,640 feel) (804 meters) of the site
{e.g.. number of cars clasgified in 24-
hour pericd; auwmber of rain move-
ments):

(T) An estizmate of the sverage daily
number of plararded rail cars trans-
porung hazardcus materisls through
the nlroad facuity (where practica-
ble, based on a 165-day period sample,
that period not having ended more
than |20 days prier w the date of
fMing the petition), specifFing the—

{13 Number 0f such ¢Ars iransportinhg
class A explosives and poison gases:
=nd

(i} Namber of DXOT Spectfication
112A and 1]14A tank eary transporting
Lammable gei subject 0 FRA emer-
geocy order Na. §.

(8) A stalement certidied by a8 corpo-
rate officer of the carmer possessng
suthonty over the subject matier ex-
pixirmng any plans of tha! earrvier for
gullzation of exrimg trackage. or for
the construclon of pes rackage.
which may mpact on the location of
serlching or humping operalions
within ope-half mile of the propased
site (Y there are no plans. the carner
official most so cert:ifyvy and

(8) Any furiner information which is
pecessary for evaiuation of the site.
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(d) A petition filed under this se.
tion must contain & statement the
the petition has been served on tt
recogniZzed representalives of the
road employees who will be utiizir
the proposed &leeping Qquarters U
gether with a list of the employee re;
resentatives served

§228.105 Additiona! requiremeniz co
struction within one.third mile (1,5¢
feet) (536 meters) of certain switchin

(a) lp addition o providing the U
formation specified by ¢228.102, 2 ca-
rier seeking approval of a site locate
within one-third mile (1,760 feet) (53
meters) of any area where railro:
swilching or humping operations ar
performed involving any cars require
to be placarded "EXPLOSIVES A'' ¢
“POLISON GAS™ or sny DOT Specif
eation 112A or 114A tank cars tran
porting Nammable gas subject 1o PR,
emergency order No. 5 shall estabiis
by a supplementary statement cert
fied by a2 corporite officer pOSRessir,
suthority ower the gubject matic
that—

(1) No {eaxible alternate gte Joczie
at or beyond one-third mile (ror
swilching or bumping operat:ons
either presently avaiable w the ral
road or 8 obtainable withun 3 mile
{15.840 [eel) (4827 meters) of the re¢
porung point for the empioyees ®h
are to be housed in the sleeping gus!
ters: .

(2) Natural or other barriers exist ¢
wili be created prior to eccupancy ¢
the proposed [acility between the pre
posed site and any areas tn whic
setching or humpng operations ar
performed which will be adeguate ¢
shield the facility frcm the direct an
seve e effects of 8 hazardous materia.
accident/incident ansing in an area ¢
switching or humping operations:

(3) The topography ¢f the propert
{s such as most likely to cause any has
ardous materials unintentiopaly re
leased during switching or humping ¢t
flow away from Lhe proposed site: an

(4) Precautions for ensuring employ
ee safety from toxic gases or explc
sions such as emplovee tra:ning an
evacuation plans, avalabllity af appre
priate respiratory protection, an
measures for f{ire protection. hat
been considered,

th) In the absence of reliable recore
concerning tra{fic handled on trackae
within the one-ttmrd mile ares. it sha
be presumed that the types of car
enumerated in paragrach :a’ of th:
sectiop are swilched on thatl rackag:
and the additional requirements ¢
this section shall be met b5y the pet
tioning carrier. upless Lhe carrier e:
tabllskes that the switchiog of ih
enumerated cars wili be effecineg:
barred from the tracxage I the pet
10D & Approved.

§=5107  Action on petition
(8! Each petition for aperoval fiie
ander § 128.103 15 relerreqd w ne Ray



road Safety Board for actlon (n ac-

‘ eordance with the prowvisions of part
211, Tttle 49, Code of Federal Reguia-
tions. concerming the processing of re-
quests {or special approvals,

(1) In eonsidering a petition for ap-
proval flled under this subpart, the
Railroad Safety Board evaluales the
material factors bearing on—

(1) The safety of employees utilizing
the proposed facllity in the event of a
hazardous rmaterizls accident/incident
and in Ught of other relevant safety
factors: and

(2) Interior noise levels {n the facili-
ty.

(¢} The Railroad Safety Board will
not approve an application submitted
under this subpart I it appears from
the availsbie information that the
propesed sleeping quarters will be so
sitysted and constructed as to permit
interior noise levels due to noise under
the control of the raidroad to exceed
&n L. (8) value of 55dB(A). If individu-
al air conditioning wnd heating sys-
tems are to be utilized, projections
" may reiate to noise levels with such
units turned off.

@) Approval of a petition flled
‘under this subpart may be withdrawn
or modified at any time if {t |s ascer-
tzined. after opportunity for s hear-
Ing. that any representation of fact or
fmtent made by a carrier I materials
submitted in support of 8 petition was
not accurate or truthful ar the time
such representation was made.

Issued In Washington, D.C.. on-July
11, 1578.

Jom M. Sorrrvas,
Admimsirctor,
[PR Doc. T8-19303 Filed 7-18-78; B:45 am)
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ENVIRONMENTAL PROTECTION
AGENCY

40 CFR Part 201
[FRL 1361-3)

Noise Emission Standards for
Transportation Equipment; interstate
Rail Carriers

AGENCY: U.S. Environmental Protection
Agency.
ACTION: Final rule.

SUMMARY: On April 17, 1979, the
Envircnmental Protection Agency
published in the Federal Register {44 FR
22950) proposed noise emission limits
for facilities end equipment of interstate
reil carriers.

The purpose of this notice is to
es!zbiish inal noise emission standards
for four railyard noise sources. This final
rulemaking is promulgated pursuant to
Secticn 17 of the Noise Control Act of
1872, 42 U.S.C. 4918

We have chosen 1o regulale only
specific major railyard noise sources in
this rulemaking. Additional study and
assessment necessary to address the
complex issues associated with the
proposed property line noise standard
will be completed by ihe Agency prior to
final promulgation of that standard. The
Agency is reopening the formal
comment pericd for the previously
proposed property line noise standards
in order te [acilitate this analysis,
[Sections 201.17 and 201.30-201.33)
caTES: The effective date of this rule is
January 15, 1984. Comments regarding
the previously propaosed property line
noise standard will be accepted until
4:30 PN, April 4, 1980
ADDRESS: Written comments on the
proposed property line standard should
be addressed to: Rail Carrier Docket
ONAC 8001, Standards and
Regulations Division (ANR-490), U.S.
Environmental Protection Agency,
Washington, D.C. 20460. ,

FOR FURTHER INFORMATION CONTACT:
Mr. Robert Rose, Standards and
Regulations Division (ANR—490}, U.8.
Environmental Protection Agency,
Washington, D.C. 20460, Phone: (202)
557-7566.

SUPPLEMENTARY INFORMATION!

1.0 Background Informstion

The U.S. Environmenal Protection
Agency issued, on Decernber 31, 1975, a
noise emission regulation for
locomotives and railcars operated by
inlerstate rail carriers {41 FR 2164). In
developing that regulation EPA
considered broadening the scope of the

regulation lo include facilities and
additional equipment. Because of the
wide disparity in perceived severily of
roise problems found at differing rail
facilities, we decided that railroad
facility and equipment noise, other than
that produced by locomotives and
railcars, was best controlled by
measures which did not require national
uniformity of treatment. Further, we
believed that the health and welfare of
the Nation's papulation being
jeopardized by railroad facility and
equipment neise, other than lacomotive
and railcars, was best served by specific
controls et the state and local level and
not by federal regulations, which would
have 10 address railroad noise on &
national. end therefore on a more
general, basis. Where the federal
government establishes standards for
railroad facilities and equipment, state
and tocsl noise control ordinances
ordinarily are preempted unless they are
identical to the federal standards. For
this reasons, we decided that is was
best lo leave state and locel autherities

- free to address site-specific problems on

a case-by-case basis, without
unnecessary {edera] hindrance.

The Association of American
Railroads (AAR] challenged the
regulation on the ground that it did not
include sufficiently comprehensive
standards for railroad equipment and
facilities under Section 17 of the Noise
Control Act of 1872, 1t did not, therefore,
provide the rail carriers with adequate
feders] preemption of potentially
conflicting state end Jocal noise
ordinances as intended by the Act. The
U.S. Coiirt of Appeals for the District of
Columbia Circuit ruled that EPA must
substantiallv broaden the scape of its
regulation affecting rail carrier facilities
and equipment, Association of
American Railrcads v. Costle, 562 F. 2d
131 {D.C. Cir. 1977). On April 17, 1878,
EPA proposed additional rules in
response 1o this court order (44 FR
229060). The proposed standards were
developed in terms of typical or average
sitvations. Consequently, the uniform
national standards proposed were a
comptromise, anly pariially controlling
railroad facility and equipment noise
throughout the country. The primary
factor limiting more effective federal
noise control is the very substantial cost
incurred when more stringent noise
levels are applied on a nationwide basis
to all railyards and equipment. Our
health end welfare analysis indicaled
that there would be an appreciable
number of people in the nation who
would stil! suffer significant adverse
effects of railroad noise even after such
a rule was in effect. Further, because of
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the preemptive nature of the federal

regulation, states and localities would
find it difficult to provide further relief
to their citizens in most of these cases.

The notice of proposed rulemaking
(NPRM]) was published on Apri} 17, 1679,
with a public comment period of 45
days. EPA extended the comment period
by an additional 30 days, to july 2, 1879.
Our review and analysis of the
comments received, especially those
regarding the availability of technology,
costs assaciated with the property line
standard, and the Ls, noise descriptor,
have led us to divide our final regulation
into two parts, each to be issued

-geparately. )

The first part, and the subject of this
rutemaking, concerns the immediate
promulgation of noise emission limits for
four railyard sources. These include two
equipment sources, aclive retarcers and
locomative load cell test stands, and one
railyard operation, car coupling. as well
as swilcher locomotive noise, which is
covered by amending section 201.11 and
201.12 of the Rail Carrier Noise Emission
Regulation (40 CFR Part 201).

The second part, the property line
standard, will establish federal
regulations limiting other noise emitted
from railyard facilities which are not
covered by the source standards. This
two-phased approach will allow EPA to
satisfy the first part of the court order,
which requires promulgation of & source
standard final rule by January 23, 1980.
This two phase approach allows mare
time to resolve the complex issues
raised by the public comments
concerning the property line standard.

2.0 Regulation

21 Introduction

Specific source standards for
locomotive load cell test stands and
switcher locomotives were not proposed
by the Agency in the notice of proposed
rulemaking. Both of these sources were,
however, identified as specific sources
contributing to the property line noise
level of railyards, and specific
technologies and aftendant costs were
identified for controlling these sources
in order to cbtain the level of noise
control necessary to meet the proposed
rule. Comments were received relative
to the specific technologies and costs
estimated by the Agency to bring these
sources into compliance with the
proposed rule. These comments have
been fully considered in developing the
recommendation for a finai specific
source standard for each of these pieces
of railroad equipment.

The amended portion of the Rail
Carrier Noise Emission Regulation
establishes noise stardards for
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stationary and moving switcher
locomotives. Switcher locomaotives are
in compliance with §§ 201.11(c) and
201.12(c) in a particular railyard facility,
if the A-weighted sound level from
stationary switcher locomeotives or any
combination of stationary switcher
locomotives and other locomotives does
not exceed 65 dB at a residential or
commercial receiving property. If this
level is exceeded, all switcher
locomotives in the railyard facility must
mee! the noise standards specified in
%§ 201.11 and 201.12 of this regulation.
Similarly, where the A-weighted scund
level at the receiving property is 65 dB
or less the locomotive load cell test
stand is deemed to be in compliance. If
the scund leve! from the locomotive Joad
cell test stand exceeds 65 dB at the
receiving property then that locomotive
load cell test stand shall not exceed 78
dB measured at 30 meters {100 feet).

The remaining two noise standards
apply to the respective source emissions
as measured on receiving property. The
jatter is defined 'to include only
r2sidential or commercial property. The
proposed regulation required the
railyards to apply noise reduction
technologies and techniques to all types
of land use classifications except
undeveloped land. “Land use” as used
in this regulation is not considered to be
synonymous with “zoning” and should
not be considered to be zoning.

These regulations reflect the degree of
noise reduction achievable through the
application of best available technology
on a national basis taking into account
the cost of compliance and the time
provided for compliance. For this
reascn, the maximum allowable sound
levels specified for each source standard
are not uniform and vary according to
the availability and cost of abatement
technologies or techniques for the given
source. For the purpose of determining
the availability of technologies or
lechniques and costs of applying those
technologies or techniques used in
developing the final source regulations,

'"Receiving property™ means any residential or
cemmertial property that receives the sound from
tailroad facility operations that s used for any of
the purposes described in the following standard
land use cades (ref. Standard Land Use Coding
Meoruai, U.S. DOT/FHWA. reprinted March 1877):
for residential land use, 1, Residential: 651, Medical
and other Health Services: 68, Educational Services;
s:1, Religious Activities: and 711, Cultural
Aclivities; for Commercial land use: 53-58, Retail
Trade: 61-84, Finance, Insurance. Real Eatata,
Personal. Business and Repeir Services; 852-853,
Legal and other professional services: 671, 672 and
6§73, Gavernmental Services; 892 and 899, Welfare,
(Charilable and Other Miscellangous Services: 712
and 718, Nature exhibitions and other Cultural
Aciicities; 771, 720, and 729, Entertainment, Public,
and Other Public Assembly: and 74-78,
Recreational Resort. Park and other Cultural
Aglivitres,

the Agency considered the following: the
use of local absorplive noise barriers
around sources, reflective walls at the
facility boundary, exhaust silencers on
switcher locomolives, and {or car
caupling, controlling the operation of
rolling stack or its locaticn relative to
adjacent receiving property. For
example, noise barriers can be
constructed in close proximity to the
source, or at the railroad facility
boundary, or both in combination, as
appropriate to the situation.
Additionally, barriers used to abate
noise at one source would likely reduce
the noise nat only from that source, but
&lsc from other railrcad sources,
including locomotives and trains.
Because these are performance, not
design standards, the railroads have
total flexibility to apply whatever noise
control approaches are most atiractive
in terms of cost or other considerations,
as long as the required noise levels are
met.

The noise measurements required by
the regulatien to determine compliance
with the noise levels can he
accomplished in most instances by a
single individual with the use of a direct
reading sound level meterand a
wristwaltch.

To determine compliance with the
retarder and car coupling standards, the
measurements are to be made on
receiving property. The quantity to be
determinad for intermittent single-event
sounds {retarder and car coupling
noises) is the energy-averaged maximum
sound level,

For the nearly steady-state sounds,
logomotive load cell test stands and
switcher locomotives, the quantity to be
determined is the level of the specific
source sound level observed as
separalely identifiable from other noise
sgurces.

By amending § 201.11 the Agency is
no longer requiring locomeotives to be
connected to laad cells when undergoing
stationary tests in the idle throttle
setting. This is a technical clarification
of the Agency's ariginal intent. The
noise from a locomolive in the idle mode
can be measured more conveniently and
accurately without being connected to a
load cell. The Agency further amends
§ 201.11 (&), (b) and (c) to require “slow"
neter instrument responge
characteristic rather than "fast” for
determining compliance with the noise
emission standards of § 201.11. Because
locomotives operate at sieady-state
conditions during compliance testing
with the stationary locemotive standard
in section 201.11, noise measurements
made with an instrument on “slow”
meler response are essentially
equivalent to measurements made on
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“fast” meter response. An exception to
this equivalence is a limited number of
apparently highly random peak reading.
of 1 to 2 dB above the steady-state
sound leve! which occur when using
“fast” meter response and do not occur
when using “slow" meter response. On
further review, the Agency has
determined that the random peak noise
values are of such a random nature, and
are sufficiently infrequent as not to
constitute a reason for deterring use of
the “slow™ meter response characteristic
which is ptocedurally easier to use for
compliance testing.

All limits established in this
rulemaking are effective January 15,
1584 {approximately 48 months after
final promulgation} with the exception
of the technical clarification
amendments of § 201.11 which are
effeclive upon promulgation of this
regulation. Prior to that date state and
local ordinances applicable to these
railroad equipment and facilities are not
federally preempted. The proposed
regulalion provided for three years (38
months) from final promulgation for the
industry to comply with the noise
standards. However, legislative
amendments in the Congressional
pracess at the time of the drafting of this
final rule require that no final regulation
issued under this Section be made
effective earlier than 4 years {48 months}
after publication. The Congressional
intent is to provide this additional 12
months' compliance period for
Congressional review of the final rule,
Thus, the Congress would have the
opportunity ta act to change the EPA
rule during that first 12 months of the
four-year period, prior to the industry's
having to undertake compliance actions
that would involve financial
expenditures. The four-year lead time
also allows the railroad industry the
flexibility of not having to commit
financial resources for compliance until
after the property line standard is
promulgated in January 1981. Although
specific sources may be in compliance
with the source standards, it may be
necessary to apply additional abatement
technologies or techniques for
compliance with the forthcoming
comprehensive property line standard.

If land use changes occur around a
railyard after promulgation of this rule,
requiring noise abatement application in
order to meet the requirements of this
regulation, a four-year compliance
period is provided from the time of the
land use change.
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2% Standords
A Nearly Steady-State Noise Standards

The noise sources included in these
standards are locomotive load cell test
stands and switcher locomotives
measured at 30 meters {100 feet) from
the respective source. However, these
standards need be me! only if the A-
weighted sound level from either of
these sources al a specific railyard
facility is greater than 65 dB measured
at a receiving property location. Thus,
the standard requires abatement enly
where people are benefited.

1. Locomotive Lood Cell Test Stands

The Agency has identified locomolive
load cell test stands as a major
contributor to excessive noise emission
frem rail facilities. Testing of engines by
connecting them to load cell test stands,
simulating up to full engine load, is
required periodically to assure
satisfactory engine performance. During
these tests, locomotive engines are run
continuously at high throttle settings
resulting in noise levels often in excess
of 00 dB at 30 meters (100 feet).

The sbatement of locomotive load cell
tes! stand noist was described by the
Agency as & necessary part of the
receiving property line standard in the
proposed regulation. EPA believed that
the noise from such cperations could be
dealt with reesonably by relocsting
locomotive toad cell testing eway from
ncise sensitive receiving areas close to
the railroad facility boundary, et by
enclosure of the test facility from which
the noise was emitted. The Agency feels
it appropriate to include locomotive load
cell test stands in the final rule as &
specific source standard because they
ere importan! sources of railyard facility
noise and abatement technology is
eveilable al a reasonable cost for
reducing their noise level.

After reviewing comments on the
proposed rule, available ebetement
technologies and techniques, and cost
data, the Agency has modified its
technology and costing assessment
approach to reducing noise from
locomotive load cell test operations.
EPA zost and benefit studies show that
tota! enclosure of tes! stands is
generally less stiractive than the use of
150 foot {Jengih) by 25 foo! (height)
gbsorptive barrier walls around the
facility and the locomotive being tested.
Thus, EPA belizves that the standard for
locomotive load cell test stands may be
met with an absorbing barrier designed
to typically give 15 dB noise reduction at
30 meters (100 feet).

The Agency dees not intend that
railyards apply noise reduction
tectnologies or techniques o control

noise emitted from locomotive load cell
test slands except where noise
reduction is deemed necessary to
protect receiving property. Therefore,
EPA has instituted a two part
compliance procedure. The standard
will limit locomotive load cell test stand
noise to an A-weighted sound level of 78
dB when measured at 30 meters {100
feet] perpendicular to the centerline of
the locomotive load cell track, and
centered on the geometric center of the
locomative under test. If the noise level
from this source measured at any
receiving property measurement
location does not exceed 85 dB, then the
locomaotive load cell test stand is
deemed to be in compliance. If the
measurement exceeds 65 dB, then that
locomotive load cell test stand must
meet the prescribed standard, which
limite locomotive load cell test stand
noise to an A-weighted sound leve] of 78
dB at 30 meters (100 [cet) when
measured as prescribed in Subpart € of
this part (See Table 2.1).

Certain locomotive load cell test
stands may not be able to comply with
the measurement conditions specified in
§ 201.23(a) in that measurement at 30
melers (100 feet} is impossible. In these
sitnalions, the A-weighted sound level
from the locomotive load cell test stand
must not exceed 65 dB when measured
at a receiving property measurement
location more than 120 meters (400 feet)
from the geometric center of the
locomotive being tested and in
accordance with Subpart C of the
regulation.

The 65 dB standard at 120 meters (400
feet) is consistent with the 78 dB
standard at 30 meters {100 feet). If the
(validated Ly) A-weighted sound level
&t 120 meters {400 {eet) exceeds 85 dB at
30 meters {100 feet), the maximum A-
weighted sound level would be greater
than 78 dB, because of two factors:

(1) There is a minimum change in level
of 12 dB between the 30 and 120 meter
{100 and 400 feet) locations, due to the
inverse-square propagation loss (8 dB
per distance doubling) that occurs for all
point sources and other air and ground
absorption propagation losses, and

{2) There is an additional difference of
atleast 1 dB between the Ly, (specified
as the noise level to be measured at
receiving property locations} and the
L... [specified as the noise leve! to be
measured at the 30 meter (100 feel}
distance).

Subpart C identifies the measurement
procedure for steady state noise levels
of a locomotive load cell test stand at
receiving property and at 30 meters (100
feet]. If ambient noises are not constant,
the locomotive load cell test stand
steady ste'e level can be determined,
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but if ambient levels are a constant
steady state leve] above that of the
locomotive load cell test stand, then the
noise level of that locomotive load cell
test stand may not be measurable at the
receiving property, but it would be
measurable at 30 meters (100 {eet) or
more than 120 meters (400 feet).

Table 2.1.—Locomotive Load Celf Test Stand
Standard

Effective date Standard, L,

Jan, 15, 1PB4 ....comemmcsemsinnaenen T8 0B 31 30 meters (100
{aey)

2. Switcher Locomotive Noilse

Switcher locomotive noise is one of
the most prominent forms of railyard
noise. This locomotive noise is of two
types: moving point source noise as the
locomotive is involved in switching
operations, and stationary point source
noise as the locomotive is parked but is
allowed to remain idling and not
involved in eny active operation.

In the proposed regulation switcher
locomotives were considered a
significant noise source contributing to
the noise crossing the property line.
Abalement of the noise they produced
was inciuded in the Agency's derivation
of the overall property line standard as
proposed. Because the switcher
locomotive is one of the most important
sources of railyard facility noise and
since there is technology evailable to
reduce its noise level &t a reasonable
cost the Agency has chosen to address
switcher locomotives with a separate
source standard and has regulated this
source by an amendment to the Rail
Carrier Noise Emission Regulation.

An available technology for meeling
the switcher locomotive noise emission
limits is exhaust silencing of the engine
noise. The Agency's original proposal
(39 FR 24580) required the retrofit of that
part of the entire locomotive (road haul
and switcher) fleet used in railyards.
The Agency has chosen to include only
the switcher locomotives at this time
because of arguments by the industry
tha! the retrofit costs for all locomotives
used at any time in e railyard would be
excessive and that it would be difficult
to isolate those road locomotives used
in railyard duty.

The Agency does not intend that
switcher locomotives, as defined, be
relrofitted except in those railyards
where noise reduction is deemed
necessary. Rather, the compliance
procedure the Agency has developed
involves taking initial measurements at
receiving property locations to
determine whether abatement is
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necessary. If the adjusted average A-
weighted sound level of the stationary
swilcher locomotives or combination of
stationary swilcher locomolives and
other locomotives does not exceed 85
dB, switcher locomotives are deemed to
be in compliance with the regulation. If
the level exceeds 65 dB, then every
switcher locomotive in that railyard
must meet the standard. This standard,
by amending §§ 201.11 and 201.12,
requires that switcher locomotives
manufactured prior to December 31,
1979 to emit no more than an A-
weizghted sound level of 87 dB at any
throttle setting excep! idle, when
operated singly connected to a load cell,
and no more than an A-weighted sound
leve! of 70 dB at idle when measured at
a point 30 meters (100 feet) from the
geometric center of the locomotive along
a line that is both perpendicular to the
centerline of the track and originates at
-the locomoltive geometric center. For
switcher locomotives manufactured
prior to December 31, 1979, the standard
will limit noise emissions of these
locomotives to 90 dB when moving at
any time or under any condition of
grade, load, acceleration or
deceleration, measured at 3¢ meters {100
feet) from the centerline of any section
of track which exhibits less than a two
degree curve (or a radius of curvature
greater than 873 meters) (See Table 2.2).
Sections 201.11 and 201.12 promulgated
an December 31, 1975 already require all
locomotives manufactured after
December 31, 1979 to meet these same
iimits. All measurements must be made
s prescribed in Subpart C of this part.
EPA studies indicate that no switcher
locomotive retrofit at all will be required
for many railyards.

Table 2.2.—Switcher Locomotive Standard

Effective dste Signdard L,

Starorsry Switehar ocomative
e 67 OB 81 4ty thrattie seming
BxCeDt i, 3t 30 meters
{100 foed.
e 10 8B 8 Gle, 2t 30 meters
{100 teet).
Mowing swicher Jocomotve

Jan. 15, 1984 . PO 4B 31 30 metery {100
- Teet),

Jan. 15 1584 . ...

Jan. 15,1934

B. Short Duration Noise Source
Standards

The noise sources included in these
standards are active retarders and car
coupling operations. The standards
promulgated for these noise sources are
adiusied average maximum A-weighted
sound levels of 83 dB for retarders and
92 dB for car coupling operations, as

measured at any receiving property
measurement location.

1. Retarders

The Agency's analysis indicates thal
retarders are one of the major sources of
extremely annoying noise emissions
from hump type railyards. After January
15, 1984, the naise from active retarders
will be limited to an adjusted average
maximum A-weighted sound level of 83
dB, measured as prescribed in Subpart C
of this part at any receiving property
measurement location (aee Table 2.3).

Technology is available at reasonable
cost for reducing the noise from
retarders. For purposes of identifying
available technology which could be

. applied by rail carriers for abatement of

retarder noise, the Agency believes that
the application of absorptive noise
barriets on both sides of the master
retarders where noise adversely affects
residential or commercial land use, and
reflective barriers at the facility
boundary line where it is necessary to
reduce retarder noise, will permit
compliance with the standard at
reasonable costs. For example, a master
retarder barrier paralle! to the track and
extending at least 12 feet above the
retarder and 75 feet to each side from
the geometric center of the retarder, and
containing appropriate absorplive
material appears in the majority of
instances to permit the standard to be
met. A facility boundary barrier placed
in the general vicinity of the facility
boundary, located for maximum benefit
on receiving property, 15 feet high and
long enough to prevent line-af-sight
between any receiving property
measurement location and any retarder,
should in most cases pravide sufficient
abatement to meet the retarder noise
standard. An additional option available
to the railyard is the use of barriers
around the group retarders, either
individually or collectively, in various
configurations and at various angles to
the group retarders, to meet the
receivirg property standard. The
Agency expects about 3 out of 4
humpyards will need to take noise
control actions to meet the slandard for
retarders.

Table 2,3.—Retarder Noise Standard

Ettective date Sandard, L,

Jan, 15, 1884 B3 dB al recaiving property,

2. Car Coupling

The Agency has identified cat
coupling impacts as a major contributor
1o noise from rail facilities. This noise is
particularly annoying to peaple, because
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it is an impulsive noise involving
exiremely high sound levels occurring at
random intervals. )

The proposed car coupling standard
was 95 dB measured 30 meters {100 feet)
from the coupling incident, with an
exceplion provision for those couplings
with sound levels greater than 95 dB for
which the railroad could show that
coupling occurred at speeds of four
miles per hour or less, The basis for
choosing this level was that the majority
of rdilroads stated to the Agency that
four miles per hour was their operating
rule or recommended practice. There is
substantial evidence, however, that
railroads do not, as a matter of course,
comply with their own published
operating rules or recommended
practices. Because we must presume
that the railroads would comply with
such a coupling speed limit if it were a
federal rule, the Agency assessed the
potential adverse operational impacts of
the proposed rule on the railroads.
There is some evidence that train
movaments cotld be adversely affected
if rail carriers were to comply fully with
the proposed rule on a nationwide basis,
causing delays in product deliveries.
Because of this the Agency has made
the fina! rule less stringent. The rule
requires that alter January 15, 1984, the
adjusted average maximum A-weighted
sound level for car coupling operations
not exceed 92 dB at any receiving
property measurement location when
measured according to Subpart C of this
part (see Table 2.4). Data available to
the Agency, as part of the docket and
background studies indicate that this
standard can be complied with if car
coupling speeds are no greater than
eight miles per hour. The Agency
believes that the standard can be met at
almost all railyards with no change in
operations, thus avoiding further
technology applications or additional
costs.

The final standard clarifies the
proposed measurement procedures by
providing for measurement on receiving
property and allowing an energy
average of 30 car impacts during at least
a one hour period. The exception
provision has been changed so that if it
is demonstrated that the standard is
exceeded when representative cars are
coupled at similar locations at speeds
that do not exceed eight miles per hour,
car coupling is deemed to be in
compliance with the standard. The rail
carrier has the burden of demonstrating
the applicability of this exception. One
method of demonstrating the
applicability of this exception is to
measure the noise impact from couplings
using cars, loads, and locations
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represcntative of the coupling operation
where the standard was exceeded.

Table 2.4.—Car Coupling Norse Standard

Eftestve dale Standard, L,

Jan 15, 1884 L e §2 0B 81 recemwing property,

2.3. Deferment of Property Line
Stondard

The Agency has decided not to
promulgate a receiving railyard property
line standard in this rulemaking. but to
wait for further assessment of the
extensive comments received on this
proposed standard. The Court has
agreed to this approach, the EPA will
issue the property line in accordance
with the court order. The regulation will
include the contro! of a wide variety of
rail equipment and facilities associated
with yard activity that {s not specifically
covered by the four source standards.

3.0 Public Participaticn

EPA had originally established a 45
day comment period for this rule. The
review period was lengthened by EPA’s
granting a 30-day comment period
extension on May 30, 1879, in response
to & written request by the Association
of American Railroads (AAR).

Because the review period was
reiatively short, 8 specizl effort was
made to put the proposcd regulation
promptly before the public and
encourage the submission of comments,
This was accomplished through a
massive direct mailing of the propesed
regulation and related documents, such
as the Acl, the court decision, and seven
other documents, wrillen specifically to
slimulate public participation. Mailings
were made 1o over 1700 selected
organizalions and individuals, including
those in the industry, the Congress, state
and local governments, labor, public
interest, news media, and many private
citizens.

A press release was included in tke
r=iling packages or sen! separalely, so
that most recipicnts, including the news
media. had the information within one
day of the appearance of the proposed
regulation in the Federal Regisler. In
Addition to the direct mailing, a number
of briefings were conducted immediately
before and after publication in the
Federal Register.

40 Docket Analysis

The Agency teceived 159 writlen
comments which were placed in our
official docket. A brief summary of these
comments appears below. A more
cetailed summary of the comments and

of the Agency's response appears in the

Background Document to this regulation.

4.1 Summary

Of the 159 official docke! entries, the
respondent source mix was as follows:
30% private citizens, 22% city/county
governments, 20% slate agencies, 13%
industry, 10% federal governments and
agencies, 5% associations.

Numerous respondents addressed
conceptual issues in their submissions.
Strong concerns with the property line
standard and the Ly, descriptor were
voiced by some commenters in ali
categories. State and local entities
argued that the proposed property line
slandard was too lenient to benefit their
citizens. too complex and costly to be
enforced adequalely. as well as lacking
non-degradation provisions and thereby
allowing increased noise in currently
relatively quiet railyards. Industry
comments urged that the proposed
standards were unreasonsbly stringent,
considering the cost of compliance and
effectiveness of sbalemen! technologies
and techniques. Additionally. they
eriticized both the use of Ly, 8s the
appropriate descriptor and EPA's
estimate of the health and welfare
benefits, Arguments were made fora
more precise delineation of receiving
land use classes, as well as for
elimination of the property line concept
in favor of source standards alone.

Questions on the technical asperts of
the regulation were also raised by many
respondents. Specific questions dealt
with the adequacy, effectiveness, and
cost of the yard noise level standard and
the individual source standards. Faulty,
Inappropriate, and {naccurate
measurement procedures were alleged.

Doubt was expressed concerning the
effectiveness of various abatement
technologies suggested as svailable for
complying with the regulation. Most
industry sources claimed that EPA had
overestimated the degree of quieting
that was achievable with the techniques
described,

Many respondents addressed the
cosls associated with the regulatory
package. State and local commenters
were particularly concerncd with the
costs required for state or local
enforcement of standards, including
manpower, equipment, training, and
technical consultant costs. The railroad
industry asserted that EPA either
omitted or underestimated the costs
associated with equipmen, yard, and
eystem-wide operational changes. They
highlighted the possible additional costs
to them if new technology or more
stringent vard.or noise source levels
were required.
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Comments not faliing into these three
major categories addressed a variely of
topics. including the need for a federal
enforcement program in the regulation,
opposition to preemption of state and
local regulation, the lack of land use
planning provisions in the regulation,
the exclusion of regulations on warning
devices, the need for an extended
comment period and more public
participation, and health and welfare
concerns.

Taking into account the wide range of
views, concerns and interests of the
commenters and their submissions, EPA
believes that this final rule is

- responsive. Since commenters were

especially critical of the property line
portion of the rule, the Agency has
separated the rulemaking into two parts,
promulgating source standards as part
one, and allowing more time to address
the property line standard as part twe.
Additionally, EPA has responded to the
commenters by requiring noise
abatement only when necessary to
protect receiving property: by
simplifying the measurement procedure;
and by adjusting compliance
requirements through a reevaluation of
costs and technology estimates and
assumplions.

4.2 Andlysis
A. Retarder Noise Standard

EPA originally proposed a retarder
noise standard that would have required
retarder noise 1o be sbated to an
A-weighted sound level 06f 80 dB at &
distance of 30 meters {100 feel) from the
centerline of the retarder track. The
proposed standard would have required
compliance for all active retarders.

Commenlers outside of the railroad
industry agreed with EPA, that retarder
noise must be abated, particularly
where receiving property sbuls
railyards. However, many of this group
were concerned that to determine
compliance with the standard at 30
melers (100 feet) from the source,
measurements must be made within the
railyard property in many instances.

The majority of substantive public
comments on the retardcr noise
standard were submilted by the railroad
industry. Railroad industry respondents
questioned the effectiveness of noise
barriers as a noise abatement technigue,
Assuming the use of barriers for
abatement, however, they argued that
EPA cost estimates were extremely low
because the Agency had underestimated
material and labor costs and excluded
down time costs in the calculations.
They stated that adoption of this
standard would require that barriers be
unnecessarily constructed around every
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relarder, which would create exorbitant
umplementation costs.

Rail industry respondents further
staimed that barriers could not be
iructed around approximately 50%
e rrous tatarders as a result of
o trackage and other geographic
: Alsc. they expressed concern ag
‘¢ safely and maintenance problems
associated with barriers surrounding
group relarders,

Some respanden!s observed that not
all retarders are parallel to the railyard
sraperty line, but may actually point at
a7 angle to receiving property in such a
way as to render barriers parallel to the
rotarders of limited effectiveness.

Although the final regulation takes
these situations into consideration, it
does not deviate greatly from the
proposed regulation. However, EPA has
changed the measurement methodology,
which is now applicable only at
receiving property measurement
lncations. Where there is no adversely
affected receiving property, no noise
abatement by rail carriers is required.
The rail carriers now have the option of
placing barriers, if that is the selected
abatement approach, at greater
distances from the retarders than
originally contemplated. This change
minimizes the cost to the industry while
maximizing the benefit to receiving
property adversely affected by retarder
ncise. The new receiving property
approach to measurement location may
necessitate the use of bartiers which are
lcnger or higher or at an angle other
than parallel 1o the retarder in some
situations, or located at the facility
boundary rather than at the retarder to
achieve the specified noise level limits,
but this approach avcids the problems
of close irackage and other geographic
factors which were the most serious
problems with the proposed standard. In
addition, because EPA has changed the
measurement procedures, the total
number of barriers needed for
abatement is greatly reduced, since the
railroad need only instali barriers where
they are most effective and are
necessary to protect receiving property.

EPA believes that the application of
absorptive barriers around master
refarders, and reflective barrier walls at
the railroad facility boundary where
necessary to protect receiving property,
constitutes technologies or techniques
gvailable to comply with the noise
levels set by this regulation. The costs of
this abatement approach are
comparable to the costs set forth in the
propased regulation and are considered
by the Agency to be acceptable.

B. Car Coupling Standard

EPA originally proposed a car
coupling regulation based on & four mile
per hour limit and the ncise emission
leve! associated with that speed. This
was consistent with what was believed
to be the industry's practice as reflected
in operating rules and guidelines of
individual companies and in the
guidelines of the Association of
American Railroads (AAR].

The AAR and several individual
railroad carriers voiced strong
objections to this standard. They
cbserved that the technclogy has not
been developed to achieve the four mile
per hour car coupling speed and that
many car couplings actually occur at
much higher speeds than four miles per
hour. They argued that car coupling
speed is directly related to the judgment
of the brakemen and certain external
forces, e.g., weather conditions,
conditions of retarders, weight of car,
type of car, contents of car.

Several industry respondents
expressed concern over the possible
safety implication of coupling at lower
speeds, Operational considerations
were 8 major topic for comment. For the
proposed rule EPA had assumed that
railroads adhered to their published and
stipulated operating rules or that, at
least, most rail carriers attempted ta
comply with industry recommended
practice. Howaver, the railroad industry
stated that in practice the companies
often cannot adhere to these rules. They
contend, with supporting data, that in
actuality many couplings occur at much
higher speeds than four miles per hour.
Some argued that if they were forced to
slow down to four miles per hour, the
flow of rail traffic would be impeded.
Major operational changes would be
needed to accommodate this changed
flow rate. The AAR claimed that this
would result in estimated costs of $10
billion while bringing railroad traffic to
a near standstill,

Other comments indicated that in
order to minimize freight damage,
coupling speeds no higher than eight
miles per hour are desirable.

State and local governments and
numerous other commenters found the
enforcement aspect of the proposed
coupling standard apparently tog
difficult to implement using a speed
measure. They raised the question of
how satisfactory compliance
determinations ean be made in active
railyards during operations, particularly
as the measurements made include
coupling speed as well as the coupling
noise generated. Several commenters
were critical.of the number of
measurements required ‘o determine
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compliance. As a result, the Agency has
refined the measurement methodology
to allow the measurement to take place
at a receiving property location rather
than 30 meters (100 feet) from the point
of coupling. Further, at least 30
consecutive car coupling impact sounds
are required for a period of not less than
60 minutes nor more than 240 minutes,

EPA has completed a further review
of the acfual car coupling practices of
the industry, notwithstanding the
railroads’ own writlen operating rules
and guidelines. As indicated by industry
commenters, a large percentage of the
time cars are actually coupled at speeds
greater than 4 miles per hour, although
most cars appear lo be coupled at less
than 8 miles per hour. Since elements of
the industry assert that a four mile per
hour speed limit requirement would
seriously hamper railyard traffic {low,
the speed parameter method of
determining compliance has been
amended. After careful review and
evaluation, EPA feels it must establish a
noise standard for this source on what is
close to a lowest common denominator
basis. Consequently. the Agency has
substituted an equivalent noise level
standard for cars coupling st eight miles
per hour which appears more
representative of industry operational
practice than its published statements.
This standard will not affect the
coupling operations of all yards, but will
contrel the case of excessive coupling
speed which is unduly disturbing to the
residents adjacent o these yards. A
significantly lower decibe! level {and
consequently lower coupling speed)
could be possible at many yards without
any significant disruption of operations.
However, in writing a national rule, the
Agency found it had to write a rule
which could be met by almost all yards
to avoid exceedingly high compliance
costs.

There remains considerable
conflicting information regarding
railroad car coupling speeds, Most
major railroads have indicated in
writing that their policy is to couple rail
cars at 4 miles per hour or less {see
Background Document. Appendix H).
Other information including a large
quantity of data on actual car coupling
speeds during routine railyard operation
indicated that in practice rail cars are
coupled at speeds over 4 miles per hour
a large portion of the time. This area of
potential car coupling noise control will
continue to be investigated.

EPA recognizes that the noise level
generated at 8 miles per hour is high.
However, based on the car coupling
speed data available to the Agency at
this time a standard reflecting lesser




1258 Federal Register / Vol.

45, No. 3 [ Friday. January 4, 1980 / Rules and Regulations

speeds could result in some operational
slcwdowns which might result in
national railrcad system shutdowns and
high cost impact. The Agency
encourages further industry attempts to
reduce car coupling speed. In seleclive
cases where communilies sre adversely
aflected by car impact noise it would
gppear thai the railroad concerned
might well volunterily reduce coupling
speed without any disruptive effect on
its operations or on those of the rail
system.

C. Refrigerator Cer Standard

EPA proposed a refrigerator rail car
"standard of 78 A-weighted decibels

measured at 7 mefers {23 feet)
perpendicular to the centerline of the
car. Abatement techniques the Agency
identified as being available were
muffler improvement, noise insulation,
&nd fan medifications, The railroad
industry was expecied to incur minimal
cos's in applying these noise abalemenl
technologies. '

The major criticisms and issues raised
in comments on the proposed
relrigerator car standard were: (a) The
baseline noise levels used in developing
the proposed standard appear lo be
unrealistically low. (b} The present
noise levels for reftigerator cars slready
represent the application of best
available technology. (c) The technology
used for quieting truck-mounted
refrigerator car noise is unproven and
inappropriate for railroad refrigerator
cars. Proposed technological
modifications for noise abatement
purpeses would not be effective in
reducing refrigerator car noise to the
ptoposed levels. Improvements which
could properly abate refrigerator car
noise would require more extensive
system redesign or equipment
modification at large costs to the
industry. {d) EPA erred. both when
estimating the simplicity and when
estimating the moderate cost of meeling
the standard. {e¢) The trend in transport
of perishable goods has shifted away
from mechanical refrigeration rail cars
and these cars are now rarely
manufactured.

Numerous respondents suggested
solutions to the noise problems created
by parked refrigerator cars, among
which were the use of disconnects from
the diese!l generator system and a
reconnect to an electrical AC line
source, and relocating these cars away
from boundary lines adjoining
residertial and commercial areas when
their refrigeration equipment is in
operation.

EPA had decided not to promulgate a
source standard for refrigerator cars at
this time, in part to allow time to

evaluzte the effect of their declining use.
Their function is being replaced by
containers on flat cars (COFC) and
truck-mounted (trailer) refrigerator units
on flat cars (TOFC). which were not
addressed by EPA in the proposed rules.
Further, the Agency was not able to
evaluate fully at this time the potential
for more significant noise reduction
through technology applications. The
Agency expects to respond to these
comments in its promulgation scheduled
for January 1981.

D. Locomotive Load Cell Test Stand
Standard

The proposed regulation included
locomotive load cell test stand noise
abatement as a part of the property line
standard. Available abatement
technology for these Tacilities
constituted relocation of locomotive
load cell test stands away from
receiving property lines, or total
enclosure of these facilities.

The railroed industry commented that
the load cells for conducting tests are
generally located near repair facilities,
and tha! relocation of the load cell test
sites would be impractical as an
glternative abatement technique. It was
claimed that load cell relocations would
result in subsiantial costs, losses in
productivity, and a decrease in
efficiency due to increased requirements
for both manpower and locomotive
movements to and from the repair
facilities.

Alter reviewing available abatement
technology, technigues, and cost data,
EPA has modified its assessment and
now believes that the epplication of
absorptive barrier walls will serve as
well 83, or better than, the relocation or
total enclosure approaches. For costing
purposes EPA has assumed the use of
150 foot (length} by 25 foot (height)
abserptive barrier walls around the test
facilities and locomotives being tested,
which EPA technology enalysis showed
were more sitractive than total
enclosure of test stands.

E. Swilcher Locomotives

In the proposed rulemaking, EPA did
not propose a specific source standard
for switcher locomotives. Rather,
switchers were identified as a noise
source likely to require noise abatement
in order that the industry meet the
proposed L, receiving property line
standard that limited roise from all
railroad noise sources collectively.

The railroad industry took strong
exception to EPA’s recommended
procedures for engine shutdown when
not in use, patked locomative relocation,
and muffler installation for reducing
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noise from switch engines and idling
locomolives.

The industry asserted that {o reduce
noise by measures such as engine
shutdown or locomotive relocation is
impractical and infeasible. Shuldown
was claimed to bring about a high risk of
damage from hydraulic lock on engine
start up, while relocation was seen as
feasible only in special limited
circumstances. It was also claimed that
muffler technology alone could not
reduce the noise from switch engines an
average of 3 dD atidle and 4 dB at
higher throttle ratings, as EPA had
estimated.

EPA considered these comments in
arriving at this final regulation and

elieves that switcher [ocomotive noise
emission levels should be addressed
specifically. Further, the Agency
believes that technology is available to
control switcher locomotive noise
emissions at an acceptable cost.

Switcher locomotives are deemed to
be in compliance with the standard if
the scund level from stationary switcher
locomotives or combinations of
slationary switcher and other
locomotives does not exceed an A-
weighted sound level of 65 dB ata
receiving property. If the noise level
from locomotives measured at a
receiving property location(s) exceeds
this level, al! switcher locomotives must
mee! the specified noise standerd, which
requires switchers not to exceed specific
noise levels measured at 30 meters (100
feet) under various operating modes.

Additionally, the Agency has
eliminated the requirement that
locomotives be connected to & load cell
when undergoing a stationary test for
the idle throttle setting.

F. Measurement Methedology

The proposed regulations specified
noise levels at the perimeter of the
railyard to be monitored by Type 1
instrumentation. The procedure would
require that all noise not associated
with the railyard, such as passing rail
traffic, be excluded. Respondents argued
that Type 2 meters should be adequate
and that the requirement to facter out
“extraneous"” noise would require either
modeling or a noise expert, or perhaps
both. The proposed regulations did not
include estimates of funds for state and
local equipment/personnel acquisition.
Hence, some respondents concluded
that the requirement In the regulation for
Type 1 sound meter use would impose
undue costs on the enforcing body.

EPA’s analysis has shown that
railyard sounds are substantially
different from those associated with
highways or airports. Acoustically, the
latter [acilities have relatively
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Lo e ginesus noise sources.
Guanofication of sgund emitled by
railyards is much more difficull than
guantification of highway or airport
rnaise because railyards have many
different types of noise sources, some
pessessing impulsive and high frequency
characieristics.

Examination of Type 1 [precision) and
Type 2 [general purpose) sound level
meters as specified in the American
National Standards Institute's standard
for scund level meters, ANSI S 1.4-1971,
has :onvinced the Agency that either
ihe Type 1 or Type 2 sound level meter
is apprepriate as a measurement tool for
railyard standards, if appropriate
adjuctments are made for use of Type 2
ing'rumentation. In many cases the
effectiveness of enforcement efforts may
be enhanced by the use of the more
precise Type 1 equipment. The
adjusiments for use of Type 2
instrumentation for each of the source
standards are shown in Table 4.1.

With respect to the standard for
rctarders, Type 1 sound level meters are
cspecially appropriate, since a very
large {4 dB) adjustment is necessary il
Type 2 meters are used.

Tabie 4. 1.—=Adustments fo Levels for Type 2 Sound

Level Meter Usage
Maasyrement '
secton v Soute Ducibels '
regulation
20124 _. ... Locomotives... [
Rattear_.... i 0
Locomotive load caff test
stand L]
N Retarger 4
Cae coupleny 2
20127 e LOCOMOITVE l0agd .. - L]
Cell tes! stand slationary
[t O, o

FArguet of corfection 1 be gubtracied om measured
“evel {dBY,

This rule establishes specific source
standards but avoids the technical
problems of selectively excluding some
noise sources such as through trains
from the measurement.

G. Heclth ond Welfare

Health and welfare aspects of the
proposed regulation also received
attention by public commenters. It was
suggesled that the proposed standards
were not sufficiently stringent to provide
adequa'e prolection to people exposed
to noise from railroad operations.

The proposed federal emission
standards were higher (allow a greater
\zvel of noise from operations) than
some state and local regulations now in
effact, Respondents were concerned that
tha {ederal standards would (1) preempt
the state and local standards and lead
> Jegradaticn of state and local
rzyulaticns currently in force, and (2)

allow rail operations to be established
in areas of presently little or no activity
and to emit noise up to the levels
allowed by the proposed federal
regulations.

The industry questioned the health
and welfare impacts of the proposed
regulation. They suggested that EPA’s
railyard noise impact model may
considerably gverestimate the
Equivalent Neise Impact (ENI, which is
a method to account for the extent and
severity of noise impact) due to the use
of an “average" population density
around the yards which does not
account far the lower densities the AAR
would expect near the yard boundaries
(i.e., in industrial and commercial areas)
in the higher noise regions. EPA
anticipated this potential problem in the
proposed regulation and conducted
analyses using available data during the
model development to estimate the
possible error. EPA counted the
population around the 120 sample
railyards on which the model is partly
based. The population data obtained in
many cases indicated very high local
average population densities around
large tailyards where residential land
uses were mixed with industrial and
commercial land uses. If the model
“squeezed" the people back into the
residential land uses rather than
averaging, this would have the effect of
reducing the area of impact with the
given population, resulting in a higher
population density and thus no net
change in ENL Furthermare, an analysia
of ENI for actua! population density
distributions around seven hump yards
{using data from the 1975 Background
Document), as compared to the ENI
results using an average density,
indicated that on the average if EPA did
overestimate, it was on the order of less
than five percent. At the same time,
EPA’s use of ENI substantially

. underestimates noise impact because it

addresses only residential exposures
rather than exposure of people in all
land use environments. particularly in
sensitive land uses, such as hospitals,
schools, and churches.

The railroad industry was also
concerned that the railyard noise impact
model was technically incorrect in the
method of aggregating ENL. However,
under the assumptions of the analyses,
EPA believes the model is technically
correct. The key assumptions are that
certain stationary scurces are grouped
in a relstively small area, that moving
sources are on the same line, and that
the source groups are sufficiently
separated so that the La, =55 contours
from any group do not overlap the next
nearest group. There are insufficient
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data on railyard operations and naise
source locations or interactions to
compuie connected Ly, contours around
the typical railyards.

Anticipating that there could be
complex noise overlap patterns from
various noise sources in railyards, EPA
conducted two types of analyses to
determine the potential error. Analytical
models were used to calculate the
variation in ENI as two separate point
saurces and two separate line sources
were merged in various degrees of
overlap, from two completely separated
sources lo a combined source of twice
the noise energy of a single source. The
results indicated that the ENI for twa
superimposed sources of equal strength
was equal to the sum of the ENI from
twa completely separated sources.
However, at intermediate degrees of
overlap of two sources, the average
difference between ENI for the
separated sources vs. overlapped noise
patlerns was about 15 percent. Also, the
railyard noise impact model was
programmed to compare the resulls
using the regular source groups (410 5
source groups at each type of yard) to
the results of completely separating all
types of sources (4 to 11 sources). The
case of completely separated sources
resulted in an 18 percent increase in
total ENI compared to the 4 to 5 source
group case. These analyses provide a
reasonably good bound on the “error,”
which is less than 18 percent, since the
length of the railyards precludes any
significant overlapping of noise patterns
from more than any two source groups.
Once again, the result is an
underestimate of impact.

H. Cosis and Economics

Although the Agency has provided in
Table 5.2 some cost comparative
Information, we fee! that a meaningful
cost comparison is not feasible. First,
each of the rules is different as to its
scope; l.e., the proposed rule
encompassed a property line standard
and three source standards {active
retarders, refrigerator cars and car
coupling) and the final rule four source
standards {active retarders, car
coupling, load cell test stands and
switcher locomotives), the latter two
being primary noise sources in the
proposed property line standard,
Second, the technologies and
alternatives available to achieve
abatement to meet the final standards
are different. Third, the Agency feels
that the cost estimates provided by the
industry in response to the proposal
significantly inflated the costs or
partrayed a worst case situation.

A number of commenters took issue
with the EPA's assessment of the costs
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ol compliance and economic impacts
associated with the proposed property
line and individua! source standards.

The railroad industry in general took
exception to EPA's estimates of the
capital, operating, and mainlenance
costs, and the potential cosls associated
with various operational changes or
opportunity costs which might occur,
These latter costs would be due to
installation of noise control devices, the
rescheduling and rearrangement of
railroad operations, or the potential
redesign of the yards in order to meet
the proposed rules. The curtailment of
nighttime operations, the reduction of
car coupling speeds, the need for
shutdown of idling locomotives, snd the
potential track clearance problems
associated with the installation of
barriers around active retarders were
heavily criticized. Another major
assertion was that an additional 450
road locomotives would have to be
purchased to replace a portion of the
existing road fleet which would have to
be retrofitted and dedicated to yard
service in order to meel the proposed
rules. Industry estimates of compliance
costs were approximately ten times
greater than those estimated by the EPA
for the total capital costs of the
regulation. Annualized costs similarly
were estimated by the railroad industry
to be 7.5 times greater than the EPA
estimates.

Because of the time constraints the
Agency is not in a position to resolve
fully all cost discrepancies. For example,
estimates received from industry and
state and local agencies relative to the
costs of absorptive barriers required to
meet the retarder standard ranged from
$50 to more than $200 per linear foot for
materials and insteliation. while the
original EPA estimate was $75 per linear
fool. Additiona! review has indicated to
the Agency that barrier costs of $100 to
$162 per linear foot, depending on
height, for materials and installation
represeni the best "average" cost! to use
for regulatory purposes.

Since the proposed rule required all
master, group, intermediate, and tangent
point retarders to comply with the
standard, barriers were to be required
eround each such retarder.

As a result of the polential
operational costs associated with a
source standard requiring berriers
around all active retarders, EPA has
decided to base its active retarder
standard on a receiving properly not-to-
exceed limit, to allow the industry the
Nexibility to choose its abatement
procedures to mitigate or eliminate the
various polential operational
cpportunity costs involved. It is
anticipated tha! the industry will be able

to comply with the receiving property
retarder standard by using combinations
of absorptive barriers around most
master retarders, some group retarders
(if located very near the railroad
property line), and reflective walls at
railyard boundaries adjacent to
receiving property. This approach could
eliminate the need for placing
absorptive barriers around each active
retarder.

Additionally, bankrupt firms or
financially distressed firms were
concerned that they would be unable to
raise the required capital to purchase

and inslall the requisite noise sbatement .

equipment. Concerns were glso
expressed that the industry would not
be able to pass through the noise
abatement costs via rate increases
because of trucking and waterborne
competition, ICC rate regulations, and
essociated federal inflationary
guidelines, Another concern of the weak
and bankrupl firms was that because of
their low profit margins. they could not
take advantage of investment tax credits
to offset the noise abatement
expenditures.

State and local sgencies were
concerned tha! the complexity of the
measurement techniques involved in
determining compliance would impose
costs in excess of those estimated by the
EPA, These cos!s involved the need for
purchase of new noise measurement
equipment and costs essociated with
extznsive training of existing personnel
and the hiring of engineers and
techniciens. Some slate and local
agencies provided capital and operating
cos! estimetes for source abatement
techniques that were substantially lower
than those of the railroad industry and
also somewha! lower than EPA's
estimates.

Several federal agencies commented
on the costs and economic impacts
associated with the proposed rules.
Concerns were expressed that the
proposed rules were not cost-effective
because the costs of compliance for
industrial uses were not justified by the
potential benefits involved. An
additional concern was that the
incremental benefits achieved by
lowering the property line standard for
hump yards to an Ly, value of 85 dB
wetre not justified by the extra costs
involved. On the other hand, several
commenters argued that imposing @
nationally uniform property line and
{ndividual source standards should be
limited to worst case situations te avoid
excessive cost. EPA recognizes that
regulations adequate to protect public
heah and wellare would require more
stringent property line and source levels
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which would of necessity be more
costly.

5.0 Impact of the Regulation
5.1 Heclth and Welfare Impact

The impact of the final source
slandards on the health and welfare of
the nation's population can be examined
by first measuring the exposure levels
end iotal number of persons subjected
to railyard noise that may jeopardize
their health and welfare, prior to the
institution of scurce standards, and
second, the reduction in the extent and
severity of harm{ul railyard noise after
the source standards become effective.

The Agency has identified an outdoor
Lan value of 55 dB &s the noise level
protective of public health and welfare
with an adequate margin of safety. It is
estimated by EPA that between 6.5 and
10.0 million people in the United States
are currently exposed to day-night
average sound levels in excess of 55 dB
resulting from railyards.* Compliance
with the final source standards will
resull in approximately a 10-15%
reduction in impact, considering both
extenl and severity.

The total number of persons affected
by railyard noise is a funrttion of the
penetration of noise into the community
and the number of people in proximity
1o railyard property. The Agency has
chosen to consider only residential and
commercial property in formulating the
final source standards. Given the
extensive intermingling of land uses
surrounding railyards as demonstrated
by aerial photography, EPA believes
that a regulation based on noise
emissions received on residential and
commercial property should provide
significant protection for other land
uses,

82 CostImpact

The estimated cost of this final source
standard regulation was developed
using the following sequential
procedure:

1. Determination of the noise sources
located in railroads which need to be
sbated.

2. ldentificetion of the various noise
ebatement techniques and technologies
that can be applied to each noise source.

3. Eslimation of noise abatement
resulling from each abatement technique
or technology. based on available data.

4. Calculation of the cost of each
abaiement technigue or technology.

*This figure is based on an assumptlion of &
background embient noise ievel of L, =55 dB. The
smbient noise is assumed 1o add to railyard noise
Jevels, but the railyard roise is stiil dominant
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5. Calculation of the total cost of the
abatement technique or technology
selected.

6. Comparison of costs and noise
reduclion benefits of the abatement
technique or technology selected.
Computations are made from individual

unit costs 1o establish total capital cost,
operation and maintenance cost, and
uniform annualized cost,

Table 5.1 presents the estimated cost
by noise source for compliance with this
regulation.

Table 5.1.—Cos? Estmales for Noise Abatement of Radyard Source Standards .

in thousands of dafars

Control Urvit
NDise sources techmiques/ cosl Capital OaM Umniormed
achnologias range costs cosis snnuakized
cos!is
Acire relarders Barner salg $100-5162/0 401 2] 15
Semcnier IECOMOUYES oo EXNAVS! Sencers. i §7.275- 546 6.4 112
$12.500.

Locomotive 10ad cell test glands... Bamiersers. .. ... $I25/0 . 140 11 24
Car covphng., R— L Ryl ] NA NA NA NA
Measuremernt Irstrur $10,000. ... 1.0 14 1.2
Totals 1097 a8 243

Nd = Cost 00 & Nationg] Basis has bien determned 10 ba Minma) relative 10 other NOSA S0uLrce and sbatement Costs of this

rulgmaking. .

- After making the necessary
adjusiment for the effective date of this
fina! regulation, the 1o1al capital
investment by the railroad industry for
compliance with the rulemaking is
estimated to be approximately $110
million. The total industry-wide uniform

" annualized cost of compliance is
estimated to be approximalely $24
million. Cost estimates for installing
active retarder barriers and for
retrofitting of switcher locomotive
exhaust silencers incorporate sufficient
downtime cost to accomplish the
modifications required, which is part of
the total compliance cost of the
particular standard. The car coupling
standard is associated with a speed in
excess of that cited as the standard
operating practice within the railroad
industry.

To assess further the estimated cost of
the four source specific regulations
compared with the proposed rule, the
Agency carefully reviewed the cost

impact commenrts received in the docket.

Table 5.2 illustrates comparisons of
costs examined in deiermining the final
rule.
Table 5.2.—Estirated Costs of implementing
Reguiation
!Annuatized cosis § » 109

_ EPA inchstry EPA
eshmales  gstinaves eEhnANR

of proposed of proposed  of final
reguistion  reguistion  reguiation
Actve retarders?., 430 $380 $8.0
Car zoupling® ............. (&) 10,0009 (k]
Sadtchar oMoty .. e 1443 a9y
Locomotnre lord " cell
test SANGS. s 4.0 201 33

' Annualized costs include capilal investiment, operating and
mpirtenance casts, and costs ol operalional changes.

IEPA’s proposed regul d of barriers
on both sulas of sach master and group retarder (alf Bctive
ratsrdersy. EPA assumed no cosls fof operational changas
Qus 10 probiams of iNStalption Of retarder bartars. AAK as-
serly thal clearance problems wxisl sl approwntately ong-ha
o the retarder locations requinng (a8) vack and relarder reto
cation, (b} rewiring of 1etarders and swilchars, (c) extra down-
tima, and {d) purchasa of sddrtional raal astaie 1o mainiain
ExiSUng CIF CAPACTY. Tha fingl reguialion §ssumes instakstion
of absorptve nose control barers on both sides of off
masier retarders which atlec! residential or commorcial land
use, and reflective hariars at the facility boundary Sne whers
NACEIBITY 1D reuce noise oM [roup and Langentisl retard-
sy,

TEPA’s proposed car couphng standird way estimated by
the Agency to be & no cosl nde, given that the 4 mph kit
was believed io ba consistent with indusiry -published policy
on car coupling spaed. Industry represeniatives, however,
claimed thal imposition of 3 4 mph spasd kmil would impede
the fow of el laffic, necessiating magy  operstionsl
changes. The Agency's final regulation Is reflective of an §
mch speed Imit. The cost on a national basis is expecied 0
be minmal reiztve i ather noise souwrce and sbatemeni a3
pects ol this rulamaking.

*The proposed reguiation sassumed & mix of reteofit of e
anive road haul and swiicher locomotive fleel used in radyard
duty, and incremental cost of inslallation on new swilchef fo-
comotiers. EPA neither assumed out of service costs of retie-
11 switcher engines nor assigned operational change costs in-
vONINg the mxira queung of road locomotves and ha pur-
¢hase of rew road Jocomotves. The industry Cost sstimates
assumed the GM/EMD retrofit cost figures as the bisis for
their astimates (See Background Document). For costing pur-
poses in the final rule EPA d switcher o ¥
musl be retrchitted only m hosa raityards naar residential or
commercial land uses.

SEPA's proposed regulalion assumed consiruction of @
simple enclosure performing no funclicn glter than noise re-
duction. indusiry costs we based upon a more eiaborsie fa-
cilty with neatng. cooling. kghiing. srd venuiation adequate
lo AMow s facikity 10 be used 1o¢ other putposas. The finsl
regulabon estmales aré based on construchon of 150'x2S
sbsorptive harrier walls sround the scity and ihe iocomotive
being tasied.

“No cost.

TMineml COSL

5.3 Economic Impact

An analysis of the economic impact of
the noise regulations is included as part
of the Background Document, It was
based on the railroad industry’'s current
financial and operating structure and its
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recent competitive history. Potentially
important intermodal competition was
not considered because the regulation of
noise emission from other modes of
transportation should offset the impact
of these regulations on the railroad
industry; i.e., while the noise regulations
will increase railroads’ costs, similar
regulations naw affect new medium and
heavy duty trucks, so that a significant
shift among competing modes is
probably unlikely as a result of this
regulation. In addition, the greater
energy efficiency of rail transport may
lead lo increased demand for rail freight
transpartation services. further
miligating any adverse costs of the noise
regulations.

The total capital expenditure (Initial
capital cosls plus out-of-service cos!s)
required to comply with this regulation
for residential and commercial receiving
properly is estimated to be $109.7
million. In 1978, Class T and Class [I
railroads invested $2,776 million in
capital expenditures. Thus, the projected
investment in the noise abatement
technologies and techniques amounts to
4.0 percent of the industry's total capital
expenditure in 1978. If the regulation
were to be fully enforced and complied
with only at residential receiving
property lines, capital expenditures of
only $90.7 million would be required, or
3.3 percent of total 1978 capital
expenditures. These represent fairly
large outlays relative to normal capital
expenditures.

Several factors suggest that the
magnitude of these capital expenditures
relative to normal capital expenditures
could increase some firms’ difficulties in
securing the necessary financing. Large
capital expenditures are needed simply
to maintain existing roads and to
replace aging rolling stock. The firms’
first priority is in maintaining these
revenue producing components of their
capital stock. As a result of inadequate
cash flow and low rates of return
relative to ather industries, some
railroads may {ind it difficult to finance
capital expenditures for noise
abatement technologies, as well as for
other non-federally required actions,
either internally or from external capital
markets. However, it does not appear
that these difficulties will preclude any
firm from complying.

The general procedure for estimating
impacts was first to calculate a
weighted average demand price
elasticity for each Class I railroad's
range of commodities hauled. Next, a
weighted total cost of compliance was
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calculated for each railroad based on
the average cost of compliance per yard,
with costs allocated by railroad
according to the number of yards
requiring investment in quieting
technologies or techniques operated by
each railroad. The short-run impact on
each railroad was computed assuming
no price increase; thus, increased costs
were translated directly into reduced
operating prefits. Long-run impacts were
compu'ed essuming that the ICC would
allow 100 percent of the costs to be
passed on to customers in the form of
rele increases. Existing literature
suggesls that average costs are
relatively constan! for railroads within
the Class I category, so the average
price increase was assumed to be equa!l
to the average unit cos! increase. Using
this assumption, the percenlage
decrease in revenue fon-miles for each
railroad in the long run was simply the
percentage change in price multiplied by
the weighted a\erage price elasticity of
demand.

The regulation is expected to have
very little impact on the demand for rail
freight transportation services. The
weighted average demand price
elasticity ranges between —.348 and
—1.037. Based on annualized average
capital and operating and maintenance
costs, the cost per revenue ton-mile
could increase approximately 0.1. This
translates into a decrease in revenue
ton-miles of between 0.04 percent and
0.15 percent. Based on & total of 858.1
billion ton-miles in 1878, lon-miles may
decrease between 381 million end 1.279
million ton-miles. I other conditions,
primarily fuel shertages cr costs
conlinue lo worsen, even these small
dezreases wiil be compensated for as
additional truck freight is diverted to the
more fuel efficient rails.

Employment impacts were calculsted
gssuming that labor-outpul ralios were
constant for sms!l changes in output.
Thus. the percentage change in
employment was simply the percentage
change in output {measured in revenue
ton miles) multiplied by the labor-output
ratio. The net reduction in railroad
employment rarges between 236 and 777
jobs, and total U.S. railroad employment
in 1878 was 471,516 people. Again, this
fignre was for the long-run impact; due
to te small changes in employment
predicied and the long-run edjustment
framework, il is likely that employment
reductions could be accomplished
through norma! atirifisn and that no
disproportionately adverse impacts will
be borne by railroad employees.

The question as to what the impact
will be on individual railroads is also a
particulerly imporiant one. The impact

of the noise abatement regulations on
the railroad industry as a whole appears
1o be very small. but some railroads will
be more adversely affected than others.
Conrail is of parlicular inlerest because
of the large governmental subsidies it
already receives. EPA’s analysis
supgests that Conrail's costs will rise by
about 0.2 percent of totel capital plus
operaling costs. The number of revenue
ton-miles shipped by Conrail could fall
belweern 0.6 and 0.2 percent if the full
increase in costs is passed through as a
price increase. After Conrail the railroad
with the next largest deficit relative to
operating revenues (excluding the Long
Island since they primarily provide
commuter service) which will be
affected by the regulations is the
Chicago, Milwaukce, St. Paul and
Pacific, It is a smaller railroad. ranking
15th in terms of revenue ton-miles of the
49 Cless I and Class I railroads studied.
Its \otal cosls could increase by 0.2
percent but its traffic could decrease by
0.08 to 0.28 percent.

Two of the railroads with the largest
potential increase in costs relative to
total capital pius operating costs are the
Pittsburgh and Lake Erie. and Richmond,
Fredericksburg and Potomac. For both,
their costs could increase by as much as
1.0 percent (or as little as 0.4 0r 0.3
percent, respectively). Both are small
railroads, ranking 38th and 39th
respectively in revenue ton-miles
shipped in 1978. However, both should
be better able tn absarb increased costs
in the short run than many of their
campetilors. The Pittsburgh and Lake
Erie's net income ac a percent of total
operating revenue was 16.6 percent in
1578. and that of the Richmond,
Fredericksburg and Potomac wes 43 8
percent.

The major conclusion is that the noise
ebatemenl of these final scurce
regulations should lead to only minor
impacts in the rail freight transporiation
indust:y in the short run as well &s in
the lenz run afier railroads have had the
chance 1o pass through added costs.
Employment impacts likewise will be
extremely small with no reduction in
fobs in some firms. Conrail may
experience a reduction of as many as
215. However, even this reduction in
employment amaunts to less than 0.25
percent of Conrail’s total labar force.
These firm by firm projections are based
on e statistical enalytice! enalysis that
does not account, for example, for other
employment controls such as union
conlracts, or for increases in
einrloyment which could occur by
railroads in complying with this
regulation. ¢

C-31

6.0 Enforcement

The Noise Control Act places primary
enforcement responsibility with the
Federal Railroad Administration {FRA)
of the Department of Transportation.
Specifically, Section 17 of the Act
directs the Secretary of Transportation
to promulgate regulations to ensure
compliance with the EPA railroad noise
standards. In addition, Section 17 directs
the Secretary of Transportation to carry
out such regulations through the use of
his powers and duties of enforcement
and inspection authorized by the Safety
Appliance Act, the Interstate Commerce
Act, the Noise Control Act (as
amended). and the Department of
Transportation Act.

. The FRA has indicated to EPA that it
will promulgate compliance regulations,
will conduct investigations to determine
compliance, and use the FRA
enforcement authorities and limited
enforcement resources to enforce this
regulation.

EPA believes that the FRA has
adequate authority to enforce these
regulations. While EPA has some
concurrent authority {o enforce, the Act
clearly places the primary responsibility
for enforcement with FRA, and EPA has
not dedicated any rescurces to
enforcement of Lhese regulations.

EPA anticipates that the major
enfercement activity will need to be
conducted by state and local agencies if
the regulation is to be effective. In fact,
EPA hes designed these regulations in a
menner which will facilitate the
adoption and enforcement of identical
regulations by state and local
governments,

7.0 Background Document

Informaticn used as a basis for the
final regulation has been compiled in a
document entitled “Background
Document for Final Interstate Rail
Carrier Noise Emission Regulation:
Source Standards.” The document may
be obtained from: U.S. Environmental
Proteclion Agency, Pukblic Infarmation
Center {PM-215). (Lobby West Tower
Gallery No. 1), Waterside Mall,
Washington, D.C. 20460, (202) 755-0717.

80 Evaluation Plan

The effectiveness and need for
continuation of the provisicns contained
in this action will be reviewed no more
than five years after the iritial effective
date of the final regulalion. In particular,
we will solicit comments from affected
parties with regard to actual costs
incurred and other burdens associated
with compliance and will also review
noise impact data in order to evaluate
the regulation’s effectivencss.
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9.0 Reporling and Recordkeeping
Requirements

This regulation should impose no
sigrnificant new or additional reporting
or recordkeeping requirements on
affccled parties. This regulation will be
reviewed specifically with respect to
reporling and recordkeeping
requirements within five years of its
effective date.

10.06 Regulatory Analysis

FPA has determined that this action is
a "significant routine” regulation and
therefore dees nol require & Regulatory
Anaslyels under Executive Order 12044,
However, in accordance with that
Fxecutive Order. we have prepared an
economic analysis which is located in
Section 6 of the Background Document
"refererced in Section 7.0 of this
Preamble).

11.0 Pubtic Comment

At this time the Agency is reopening
the public comment period cn the
proposed property line noise standards
{44 FR 22960-22972) {Sections 261.17 and
201.30-201.33). Extensive comments
were received on the property line
standard, reflecting a variety of views.
Further comment may now be submitted
on any aspect of the proposed property
line standards. Given the diversity of
vicws already expressed, EPA
particularly encourages and solicits
{urther comment addressing argumenls
ard irformatios from comments on the
preposed rule, including its applicability
to particular land uses, such as
residenticl, commercial, industrial, and
agricultural,

The public comment period will close
at 4:30 p.m. on April 4, 1980.

120 Environmental Impact Stalement

The Agency has prepared an
Environmental Impact Statement which
presents the effect of the final
regnlation. This document may be
cbtained from EPA's Public Information
Center {PM-215), {(Lobby West Tower
Callery No. 1), Waterside Mall,
Washington, D.C. 20460, {202} 755-0717.

This regulation is promulgated under
the authority of Section 17 of the Noise
Corntrel Act of 1872 (42 U.5.C. 4918).

Daled: December 13, 1878,

Douglas M. Castle,
Adminisirator, U.S, Environmental Proteciion
Ag=ney.

Part 201 is being revised and amended

as fcllows:

PART 201—NO!ISE EMISSION
STANDARDS FOR TRANSPORTATION
EQUIPMENT; INTERSTATE RAIL
CARRIERS

Subpart A=General Provisions

Sec.

‘2011 Definitions.

Subpart B—Interstate Rall Carrier

Operations Standards

20110 Applicability.

201.11 Standard for locomotive operation
under stationary conditions.

201.12 Standard [or locomotive operation
under moving conditions.

20113 Standard for rail car operations.

201.14 Siandard for relarders.

20115 Standard for car coupling eperations.

20116 Standard for locomolive load cell test
stands.

Subpart C—Measurement Criteria

201.20 Applicability and purpose.

201.21 Quantities measured.

201.22 Measurement instrumentation,

201.23 Test site, weather conditions, and
background noise criteria for
measurement at a 30 meter (100 feet)
distance of noise frem locomstives, rail
car operations, and locomative load cell
test stands,

201.2¢ Procedures for the measurement of
noise from switcher locomotives, rail car
operations, and locomotive load cell test
stands, at a distance of 30 meters {100
fect).

201.25 Measurement localion and weather
conditions for measurement on receiving
property of noise from retarders, car
coupling, locomotive load celi test
stands, and stationary locomotives.

201.28 Procedures for the measurement on
receiving property of retarder and car
coupling noise.

201.27 Procedures for: (1} determining
applicability of the locomotive load cell
test stand standard and swilcher
locomaotive standard by measurement on
n receiving property: (2] measurement of
locomotive load cell test stands at more
than 120 meters (400 feet) on a receiving
properly.

201.28 Demonstration of probable
compliance with the standards for the
measurement on receiving property of
noise from retarders, car coypling,
locomotive load cell tes! stands, and
staticnary locomotives.

Autlority: Noise Conlirol Act of 1972, ec.

17(a), 88 Stat. 1234 {42 U.S.C. 4216{a)).

Subpart A—General Provisions

§201.1 Delinittons.

As used in this part, all terms not
defined herein shall have the meaning
given them in the Act:

(a} “Act” means the Noise Contro! Act
of 1972 (Pub. L. 92-574, 86 Stat. 1234).

{b) “Car Coupling Sound" means a
scund which is heard and identified by
the observer as that of car coupling
impact, and that czuses a sound level
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meter indicator (FAST) to register an
increase of at least ten decibels above
the level observed immediately belore
hearing the sound.

{c} "Carrier” means a common carrier
by railroad, or partly by railroad and
parlly by water, within the continental
United States, subject to the Interstate
Commerce Act, as amended, excluding
street, suburban, and interurban electric
railways unless operated as a partof a
general railroad system of
transportation.

{d} "Classification of Reilroads”
means the division of railroad industry
operaling companies by the Interstate
Commerce Commission into three
categories. As 0 1973, Class I railroads
must have annual revenues of $50
million or greater, Class Il railroads
mucst have annual revenues of between
$10 and $50 million, and Class III
railroads must have less than $10
million in annual revenues.

{e} "Commercial Property™ means any
property that is normally accessible to
the public and that is used for any of the
purposes described in the following
standard land use codes (reference
Standard Land Use Coding Marual. U.S.
DOT/FHWA, reprintad March 1977): 53-
59, Retail Trade; 61-64, Finance,
Insurance, Real Estate. Personal,
Business and Repair Services; 552659,
Legal and other professional services;
671, 672, and 673 Governmental
Services; 692 and §99, Welfare,
Charitable and Other Miscellaneous
Services; 712 and 719, Nature
exhibitions and other Cultural
Activities; 721, 723, and 729,
Entertainment, Publi¢ and other Public
Assembly; and 74-79, Recreational,
Resort, Park and other Cultural
Activities.

(f) "dB(A)" is an abbreviation
meaning A-weigh!ed sound level in
gecibels, reference: 20 micropascals.

(g) “"Day-night Sound Level” mecans
the 24-hour time of day weighted
equivalent sound level, in decibels, for
any continuous 24-hour period, obtained
alter addition of ten decibels to sound
levels produced in the hours frem 10
p.m. to 7 a.m. (2200~0700). 1t is
abbreviated as Ly,.

{h) "Decibel” means the unit measure
of sound level calculated by taking ten
times the common logarithm of the ratio
of the magnitude of the particular sound
pressure io the standard reference
sound pressure of 20 micropascals and
its derivatives. It is abbreviated as dB.

(i) “Energy Average Level” means a
quantily calculated by taking ten times
the common logarithm of the arithmetic
average of the antilogs of one-tenth of
each of the levels being averaged. The
levels may be of any consistent type,
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£.g. maximum sound levels, sound
exposure levels, and day-night sound
ievels.

(i) "Energy Summation of Levels”
means a quantity calculated by taking
ten limes the common logarithm of the
sum of the antilogs of one-tenth of each
of the levels being summed. The levels
mzy be of any consistent type, e.g., day-
night sound level or equivalent sound
level.

{k) “Equivslent Sound Level” means

_the level, in decibels, of the mean-
square A-weighted sound pressure
during a stated time period, with
reference i¢ the square of the standard
reflerence sound pressure of 20
micrapascals. It is the level of the sound
exposure divided by the time period and
is abbreviated as L.

{1} "Fast Meter Response” means that
the “fast” response of the sound level
meter shall be used. The fast dynamic
response shall comply with the meter
dynamic characleristics in paragraph 5.3
of the American National Standard
Specification for Sound Level Melers.
ANSI 51.4-1971, These publications are
available from the American National
Standards Institute, Inc., 1430
Broadway, New York, New York 10013,

{m) "1dle"” means that condition where
al! engines capable of providing motive
power 1o the locomotive are get at the
lowes! operating throttle position; and
where all zuxiliary non-motive power
engines are not operating.

(n) "Interstate Commerce' means the
commerce between any place in & State
and any place in another State, or
between places in the same Stale
through another State, whether such
commerce moves wholly by rail or
partly by rail and partly by motor
vehicle, express, or water, This
delinition of "“interstate commerce" for
purposes of this regulation is similar to
the definition of “interstate commerce”
in section 203(a) of the Interstate
Commetce Act (49 U1.8.C. 303{a}).

{0} "Load Cell" means a device
external o the locomotive, of high
electricz] resistance, vsed in locomotive
{esting to simulate engine loading while
the locomotive is stationary. {Electrical
energy produced by the diesel generator
is dissipated in the loed cell resistors
instead of the traction motors).

{p} "Locomotive” means for the
purpose of this regulation, a self-
propelled vehicle designed for and used
on tailroad tracks in the transport or rail
cars, including self-propelled rail
passenger vehicles.

(q) “Locomotive Load Cell Test
Stand means the load cell § 201.1(0)
and associated structure, equipment,
trackage and locomotive being tested.

(r) "Maximum Sound Level" means
the greatest A-wceighted sound level in
decibels measured at fast meter
response § 201.1{1} during the designated
time interval or during the event. It is
abbreviated as Ly,

(s) “Measurement Period” means a
conlinuous period of time during which
noise of railroad yard operations is
sssessed, lhe beginning end finishing
times of which may be selected after
completion of the measurements.

(t) “Rail Car” means a non-self-
propelied vehicle designed for and used
on railroad tracks.

{u) “Railioad” means all the roads in
use by any common carrier operating &
railroad, whether owned or operated
under a contract, agreement, or lease.

(v) “Receiving Property Measurement
Location” means a location on receiving
property that is on or beyond the
railroad facility boundary and that
meels the receiving property
measurement location criteria of
Subpart C. ’

{w} "Receiving Property” means any
residential or commercial property that
receives the sound from railroad facility
operztions, but that is not owned or
operated by a railroad; except that
occupied residences located on property
owned or controlled by the railroad are
included in the definition of “receiving
properiy.” For purposes of this definition
railroad crew sleeping quarters located
on property owned or controlled by the
railroad ere not considered as
residences. If, subsequent to the
publication date of these regulations, the
use of any property tha! is currently not
applicable to this regulation changes,
and it is newly classified as either
residential or commercial, it is not
receiving properly until four years have
elapsed fram the date of the sctual
change in use.

{x) “Residential Property” means any
property that is used for any of the
purposes described in the following
standard land use codes {ref. Standard
Lond Use Coding Monual U.S. DOT/
FHWA Washington, D.C., reprinted
March,1977): 1, Residential: 651, Medical
and other Health Services; 68,
Educational Services, 691, Religious
Activities; and 711, Cultural Activities.

{v) "Retarder (Aclive)" means a
device or system for decelerating rolling
rail cars end controlling the degree of
deceleration on a car by car basis.

(z) “Retarder Sound” means a sound
which is heard and identified by the
observer as that of 8 retarder, and that
causes a sound level meter indicator at
fast meter response § 201.1(1) io register
an increase of at least ten decibels
above the level observed immediately
before hearing the sound.
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{aa) "Sound Level” means the level, in
decibels, measured by instrumentation
which satisfies the requirements of
American National Starndard
Specification for Sound Level Meters
$1.4-1971 Type 1 (or S1A) or Type 2 if
adjusled as shown in Table 1. This
publication is available from the
American National Standards Institute,
Inc., 1430 Broadway, New York, New
York 10018. For the purpose of these
procedures the sound level is to be
measured using the A-weighting of
spectrum and the FAST dynamic
averaging characteristics, unless
designated otherwise. It is ebbrevialed
as L,.

(bb} “Sound Exposure Leve!” means
the level in decibels calculated as ten
times the common logarithm of time
integral of squared A-weighted sound
pressure over 8 given time period or
event divided by the square of the
standard reference sound pressure of 20
micropascals and a reference duration
of one second.

{cc) "Sound Pressure Level” (in stated
frequency band) means the level, in
decibels, calculated as 20 times the
common logarithm of the ratio of a
sound pressure to the reference sound
pressure of 20 micropascals.

(dd} "Special Purpose Equipment"
means maintenance-of-way equipment
which may be located on or operated
from rail cars including: Ballast cribbing
machines, ballast regulators,
conditioners and scarifiers, bolt
machines, brush cutters, compactors,
concrete mixers, cranes and derricks,
earth boring machines, electric welding
machines, grinders, grouters, pile
drivers, rail heaters, rail layers,
sandblaslers, snow plows, spike drivers,
sprayers and other types of such
maintenance-of-way equipment.

(ee) “Special Track Work" means
track other than normal tie and ballast
bolted or welded rail or containing
devices such as retarders or switching
mechanisms,

(ff} “Statisticel Sound Level” means
the level in decibels that is exceeded in
a stated percentage (x) of the duration of
the measurement period. It is
abbreviated as L,.

(gg) "Switcher Locomotive™ means
any locomotive designated as a switcher
by the builder or reported to the ICC as
a switcher by the operator-owning-
tailroad and including, but not limited
10, all locomotives of the builder/model
designalions listed in Appendix A to
this subparl.

{kh) “Warning Device” means a sound
emitting device used to alert and warn
people of the presence of railroad
equipment.
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Appeadix A.~—~Swiltcher Locomolives

The Tollowing locomotives are
coniiderad to be “switcher locomotives™
vn der the general definition of this
recalation.

Tege Engrw
Ganeral Elecric Co.
adlen 8-D17000(2).
70 am
95 :5n .
E'ectromative Division [GMC)
sC . $§=201A
N7 . 12-201A,
Nt 12-201A,

| B-S6TA/AC,

P
[ $-557.
243, §-567,
£..820. E-587C.
SA7L L, “ 12-567A.
Swia. . A-567R/BC.
FLEr] 8-5678
Swg 12-5678/8C/C.
S 200 12-567C,
Sy, 8-545E.
IA000 8-B45E.
£ 1500 12-645E
Mg 12-645C.
MR 5AG 12-643E
GHD1 12-557C,
R31325 . 12-567C.
Trangler Switcher including “Cow and Call™
T . 12-201A(2)
TR, . 12-567(2)
TR e 16-56712)
TR2 12-567A12)
TR3 .. 12-567(3)
T34 12.567A{2)
TARS 12-5678(2)
TRE Q-5567B{2)
Baldwin
Pape> . BRI 1" o §
CS-448.,. G-Ga6HA.
DS4475 6750,
3-8 6596,
¥C-1000 8-¥0.
£S 4410, $-600NA,
CS-4410 &-6068C,
S-12... B-606A.
(RS.2410 " &-6065C.
pRS.12! 6-606A.
: Farpans Morse
Ho10-d4: &-OP.
H-12-44 8=0P,
H-12-44T8 5-0P.
H-12-28 1 &-OF.
Lima
750 hp 8-HamrMon.
800 rp &-Hamil
1008t #-Hamittan,
1290 be. S-Hamtan.
R3St B-Hamsfton.
Tt &-Hamiion (2),
ALCO and MLW
s B-5I9NA.

5: &-539T.

Typn Engine
ALCO and MLW
RSt ... B-828T,
RS2t 12-244
RASJ .. 12-284.
As10 12-244,
RSC-2* 12-244,
RSy, 12-244.
ASD-4 ! 12-244.
RSD-5 12-244
15 £-2518.
C-a15" : B-251F,
M-420TR 12-251,

' These moda's may be found ass gned 10 oad wennce a8
well 33 Saricher service, byt are cons:dered switcher locomde
tives tor the pu-pose of this regu'ation,

Subpart B—Interstate Rail Carrier
Operaticn Standards
§201.10 Applicatility.

The provisions of this subpart apply
to all rail cars and all locomotives,
excepl steam locomotives, operated or
controlled by carriers as defined in
Subpart A of this part, except that
§§ 20111 (a), (b). and [¢) do not apply ta
gas turbine-powered locomotives and to
any locomotive type which cannot be
cannected by any standard method to a
foad cell. They apply to the total sound
level emitted by rail cars and
locomotives operated under the
conditions specified, including the sound
produced by refrigeration and air
conditioning units which are an integral
element of such equipment. The
provisions of this subpart apply to all
aclive retarders, all car coupling
operations, all switcher locomotives,
and all load cell test stands. These
provisions do not apply to the sound
emitted by a warning device, such as a
horn, whistle or bell when opersted for
the purpose of safety. They do not apply
to special purpose equipment which may
be located on or operated from railcars;
they do not apply to street, suburban or
fnterurban electric railways unless
operated as a part of a general railroad
system of transportation. When land use
changes after the publication date of
this regulation from some other use to
residential or commercial land use
around a specific railyard facility, this
regulation will become effective four (4)
years [rom the date of that land use
change.

§201.1% Standard for locomotive

" operalion under stationary conditton,

(a}) Commencing December 31, 1676,
no carrier subject to this regulation shall
operate any locomative to which this
regulation is applicable, and of which
manufacture {s completed on or before
December 31, 1878, which produces A-
weightad sound levels in excess of 93 dB
at any throttle setting except idle, when
operated singly or when connected to a
load cell, or in excess of 73 dB at idle
when operated singly, and when
measured in accordance with the
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criteria specified in Subpart C of this ’
part with slow meter response at a point
30 metetrs {100 feet) from the geometric
center of the locomotive along a line
that is both perpendicular ta the
centerline of the track and originates at
the locomotive geometric center.

{b] No carrier subject to this
regulation shall operate any locomotive
to which this regulation is applizable,
and of which manufacture is completed
after December 31, 1878, which produces
A-weighted sound levels in excess of 87
dB at any throttle setting except idle,
when operated singly or when
connected to a load cell, or in excess of
70 dB at idle when operated sirgly. and
when measured in accordance with the
criteria specified in Subpart C of this
part with slow meter response at a point
30 meters (100 [eet) from the geometric
center of the locomotive along a line
that is both perpendicular to the
centerline of the track and originates at
the locomotive geometric center,

(c) Commencing January 15, 1984, no
carrier subject to this regulation may
operate any switcher locomaotive to
which this regulation is applicable, and
of which manufacture is completed an
or before December 31, 1679, which
produces A-weighted sound levels in
excess of 87 dB at any throttle setting
except idle, when operated singly or
when connected {o a load cell, orin
excess of 70 dB at idle, and when
measured in accordance with the
criteria specified in Subpart C of this
part with slow meter response at a point
30 meters (100 {eet) from the geometric
center of the locomotive along a line
that is bath perpendicular to the
centerline of the track and originates at
the locomotive geometric center. All
swilcher locomotives that operate in a
parlicular railroad facility are deemed to
be in compliance with this standard if
the A-weighted sound level from
stationary switcher locomolives, singly
or in combination with other stationary
locomotives, does not'exceed 65 dB
when measured with slow meter
response at any receiving property
measurement location near that
particular railyard facility and when
measured in accordance wtih Subpart C
of this regulation.

§201.12 Standard for locomotive
operation under moving condition.

{a) Commencing December 31, 1976,
no carrier subject to this regulation may
operate any locomotive or combination
of locomotives to which this regulation
is applicable, and of which manufasture
is completed on or before December 31,
1978, which produces A-weighted sound
levels in excess of 95 dB when moving at
aoy time or under any condition of
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srade, load. accelicration, or
deceloration, when measured in
szrordance with the criteria specified in
.ubparl C of this regulation with fast
meler response al 30 meters (100 feet)
from the centctline of any section of
trark having less than & two (2) degree
curve {or a radius of curvalure greater
than 673 meters {2865 feet}).

(b} No carrier subject to 1his
repulation may operate any lccomotive
or combination of locomotives to which
this rezulation is applicable, and of
which manufacture is completed after
December 31, 1979, which praduce A-
weighted sound levels in excess of o0 dB
when moving at any time or under any
condition of giade, load. acceletaticn, or
deceleration, when measured in
accordance with the criteria specified in
Subpar! C ol this part with fast meter
respense at 30 maters (100 {eet) from the
centerline of any section of track hasing
less than a two (2) degree curve {or 2
racivs of curvature greater than 873
melers {2,865 feet).

{c} Commencing January 15, 1984, : o
carrier subject to this regulation may
eperate any switcher lucemotive or a
combination of switcher locomotives to
which this regulation is applicable, and
of which manufacture is completed on
or before December 31, 1878 which
precuce A-weighted sound levels in
excess of 80 dB when moving at any
iime or under any condition of grade,
load, acceleration or deceleration, and
when measured in accordance with the
criteria in Subgpart C of this part with
fasi meter response at 30 meters (100
feet) from the centerhine of any section
of track having less than a two (2)
degree curve {or a radius of curvature
greater than 673 meters (2,865 feel)). All
switcher locomotives thet operate in a
perlicaler reilroad fzcility are deemed to
bz in comphiance with this standard if
the A-weighted sound level from
slalicnary switcher locomotives, singly
orin combination with other s'ationary
jecometives, does nol exceed 85 dB
when measured with fast meter
response al eny receiving property
measurement location near that
perticular railyard facility. and when
measured in accordance with Subpart C
of this regulation.

$201.13 Standard for rall operations.
Effective December 31, 1976. no

carrier subject to this regulation shall

operaie any rail car or combination of

rail cars which while in moticn produce
sound levels in excess of (1) 88 dB{A) at
rail car speeds up lo and including 75
km/hr [45 mph}: cr (2} 93 dB(A] at rail
car specds greater than 72 km/hr (45
mph). when measured in accordance
with the criteria specified in Subpart C
of this part with fast meter response st
30 meters (100) feet from the centerline
of any section of tack which is free cf
special track work or bridges or trestles
and which exhibits less than a two (2}
degree curve (or a radius of curvature
greater than 873 meters (2,865 feet)).

§201.14 Standard for retarders.

Effective J[anuary 15, 1984, no rarrier
subject to this regulaticn shall operate
retarders that exceed an adjusted
average maximum A-weighted sound
leve! of 83 dB el a receiving property
measurement location, when measured
with {as! meter response in accordance
with Subpart C of this part.

§ 201.15 Standard for car coupling
operalions.

Effective January 15, 1884, no carrier
zubjec! to this regulation shall conduct
car coupling operations that exceed an
adjusied average maximum A-weighted
sound level of 92 dB at the receiving
property measurement location, when
me isured with fast meter rtesponse in
accordance with Subpart C of this pant,
excep!, such coupling will be found in
compliance with this standard and the
carrier will ke considered in compliance,
if the railroad demonstrates that the
standard is exceeded at the receiving
property measwrement locations (where
the standerd was previously exceeded)
when tars representative of those found
to exceed the standard are coupled at
similar locations at coupling speeds of
eight miles per hour or less,

§201.16  Standard for locomotive toad ¢cell
tes! stands

(a) Effeclive January 15, 1984, no
carrier subject to this reguation shall
operate lccomotive load cell test slands
that exceed an A-weighted sound level
of 78 dB when measured with slow
meter response in eccordance with
Subpart C of this part excluding § 201.23
{b) and (). at & point 30 melers (100
feet) from thc geometric center of the
Jocomotive undergoing test, along a line
that is both perpendicular to the
centerline of the track and originates at
the locomotive geome'ric center, and in
the direction most nearly towards the
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closes! receiving property measurement
location. All locomotive load cell test
stands in a particular railroad facility
are in compliance with this standard if
the A-weighted sound leve! from_the
load gells does not exceed 65 dB at a
receiving property measurement
location near that particular railyard
facility and when measured with fast
meler respense in accordance with
Subpart C of this regulation.

(b} If the conditions of any part of
§ 201.23(a} cannot be met at a specilic
load cell test stand site, then the A-
weighted sound level from that specific
load cell test stand must not exceed 65
dB when measured with fast meter
response at a receiving property
mecasurement location more than 120
meters (400 feet) from the geometric
center of the locomotive being tested
end in accordance with Subpart C of
this regulation.

Subpart C—Measurement Criteria

§201.20 Applicablliity and purpose.

The {ollowing criteria are applicable
to end contain the necessary paramelers
and procedures for the measurement of
the noise emission levels prescribed in
the standards of Subpart B of this part.
These criteria are specified in order to
further clarify and define such
standards. Equivalent measurement
procedures may be used for establishing
compliance with these regulations, Any
equivalent measurement procedure,
under any circumstance, shall not result
in & more slringent noise contro!
requirement than those specified in this
regulation using the measurement
procedures in Subpart C.

§ 201.21 Quaniities measured.

The quantities lo be measured under
the test conditions described below, are
the A-weighted sound levels for “fast”
or "slow" meter response as defined in
the American National Standard 1.4
1871,

§201.22 Measurement Instrumentation.

{a) A sound level meter or alternate
sound level measurement system that
meets, as a minimum, all the
requirements of American National
Standard 51.4—1971 ' for a Type 1 (or
51A) instrument must be used with the
“fast” or "slow™ meter response
chacteristic as specified in Subpart B. To

fAmcrican Nationa! Standards are avsilable from
the American Nat'onal Standards Insiitute, Inc.,
1430 Broadway. New York. NY 10018,
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insure Type 1 response, the
manufacturer's instructions regarding
mounting or orienting of the microphone,
and pasitioning of the observer must be
cbserved. In the event thet a Type 1 (or
S1A) instrument is not available for
determining non-compliance with this
regulation, the measurements may be
made with a Type 2 {or S2A), bul with
the measured levels reduced by the
fellowing amount to account for possible
measurement instrument errors
pertaining to specific measurements and
sources:

Table 1.—Sound Leve! Corections When Using 8
Type 2 for S2A) Instrument

Measurernent Sowce Decibe's *
secvon
20124 ... Locomeives. . 0
Rad casy. .. 0
Locomouve
stand 0
201 26 .o, Betarder 4
Car couphing ... 2
20127 ... Locomotive toad call lest 0
stand
Statiorary locomolva...... e 0

'Amount of torrection to be ublracled from measured
eve) (B).

{b} A microphone windscreen and an
acouslic calibrator of the coupler type
must be used as recommended by: (1)
the manufacturer of the sound level
meter or (2) the manufacturer of the
microphcne, The choice of both devices
must be based on ensuring that Type 1
or Type 2 performance, as appropriale,
is maintained for frequencies below
10.000 Hz,

§201.23 Tes! Site, weather conditions and
background noise criteria for measurement
at 8 30 meter {100 feet) distance of the
nolse from locomolive and rall car
operations and focomotive load cell test
stands.

{a) The standard test site shall be
such that the locomative or train
radiates sound into a free field over the
ground plane. This condition may be -
censidered fulfilled if the test site
consists of an open space free of large,
sound reflecting objects, such as
barriers, hills, signboards, parked
vehicles. locomotives or rail cars on
adiacent tracks, bridges or buildings
within the boundaries described by
Figure 1. as well as conforms to the
other requirements of this § 201.23.

(b) Within the complete test site, the
top of at least one rail upon which the
locomotive or train is located shall be
visible {line of sight) from & position 1.2

meters {4 feet) above the ground at the
microphone location, except as provided
in paragraph [c) of this section.

{c) Ground cover such as vegetation,
fenceposts. small trees, telephone poles,
etc., shall be limited within the area in
the test site between the vehicle under
test and the measuring microphone such
that 80 percent of the top of at least one
rail along the entire test section of track
be visible from & position 1.2 meters (4
fcet) above the ground at the
microphone location; except that no
single obstruction shall account for more
than 5 percent of the total allowable
obstruction.

(d) The ground elevation at the
microphone locaticn shall be within plus
1.5 meters (5 feet) or minus 3.0 meters
(10 feet] of the elevation of the top of the
rail at the location in-line with the
microphone,

{e) Within the test site, the track shall
exhibit less than a 2 degree curve or a
radius of curvature greater than 873

- meters (2,865 feet). This paragraph shall

nol apply during a stationary test. The
track shall be tie and ballast, free of
special track work and bridges or
trestles.

[N} Measurements shall nol be made
during precipitation.

{g) The maximum A-weighted fast
response sound level observed at the
test site immediately before and after
the test shall be at least 10 dB(A) below
the level measured during the test. For
the locomotive and rail car pass-by tests
this requirement applies before and after
the train containing the rolling stock to
be tested has passed. This background
sound level measurement shall include
the contribution from the cperation of
the load cell, if any, including load cell
contribution during test.

(h) Noise measuremenis may only be
made if the measured wind velocity is
19.3 km/hr (12 mph) or less. Gust wind
measurements of up to 33.2 km/hr (20
mph) are allowed.

§ 201.24 Procedures for measurement at &
30 meter (100 feet) distance of the nolse
from locomative and rafl car operations
and locomotive load cell test stands.

(a) Microphone positions. (1) The
microphone shall be located within the
test site according to the specifications
given in the test procedures of
paragraphs (b), (c]) and {d) of this
section, and shall be positioned 1.2
meters (4 feet} above the ground. It shall
be oriented with'respect to the source in
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accordance with the manufacturer's
recommendations.

{2) The observer shall not stand
between the microphone and the source
whose sound level is being measured.

(b} Stationary locomotive and
locomotive load cell test stand tests.

{1} For stationary locomstive and
locomotive load cell test stand tests, the
microphone shall be positioned on a line
perpendicular to the track at a point 30
meters (100 feet) from the track
ceaterline at the longitudinal midpoint
of the locomotive.

(2) The sound level meter shall be
cbserved for thirty seconds after the test
throttle setling is eslablished to assure
operating stability, The maximum sound
level observed during that time shall be
utilized for compliance purposes.

(3) Measurement of stationary
locomotive and locomotive load cell test
stand noise shall be made with al}
cooling {ans operaling.

(c) Rail car pass-by test. 1) For rail
car pass-by tests, the microphone shall
be positiored on a line perpendicular to
the track 30 meters {100 feet) from the
track centerline.

(2) Rail car noise measurements shall
be made when the locomotives have
passed a distance 152.4 meters (500 feet)
or 10 rail cars beyond the point at the
intersection of the track and the line
which extends perpendicularly from the
track to the microphone location,
providing any other locomotives are also
at least 152.4 meters (500 feet) or 10 rail
car lengths away from the measuring
point. The maximum sound level
observed in this manner which exceeds
the noise levels specified in § 201.13
shall be utilized for compliance
purposes.

(3) Measurements shall be taken on
reasonably well maintained tracks.

(4) Noise levels shall not be recorded
if brake squeal is present during the test
measurement,

(d) Locemotive pass-by test. (1) For
lacomotive pass-by tests, the
microphone shall be positianed on a line
perpendicular to thie track at a point 30
meters {100 feet) from the track
centerline.

{2) The noise level shall be measured
as the locomotive approaches and
passes by the microphone location. The
maximum noise level observed during
this pericd shall be utilized for
compliance purposes.

{3) Measurements shall taken on
reasonably well maintained tracks.
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Figure 1. Test Site Chearsnot Requisemeny Tor Siationary
Loromotive, Locomotive Pass-by, Rait Cer
Pxis-by, and {ocomotive Load Cell Teast Stand

Temus,

§201.25 Measurement location end
weather condiiions for measurement on
receiving property of the nolse of
retarders, car coupling, iocomotive load
ceil test stands, and stationary
locomctives,

(2) Measurements must be conducted
only 8t rece.ving property measurement
locaticr.s.

{t:) Measurement lacations en
ieceiving property wust be gselected such
the! ac substantially vertical plane
sutfzce. other than a residential or
commercial unit wall or facility
boundary noise barrier, that exceeds 1.2
meters (4 feet] in height is located within
10 meters (33.3 fee!) of the microphone
end tha! no extericr wall of & residential
* or commercia! structure is located
within 2.0 meters (6.8 feet] of the
microphone. If the residential structure
is @ farm home, measurements must be
made 2.0 {c 10.0 meters (6.8 to 33.3 feet)
from any exterior wall.

(c) No measurement may be made
when the average wind velocity during
the poriod of mea<arement excesds 18.3
km/hr {12 n.ph) or when the maximum
wind gust velecity exceeds 32.2km/hr
(20 ok

{3) Na mcasarement mev be taken

when precipitation, e g.. rain, snow,
sleet, or hail, 18 oceurring.

§201.26 Procedures for the measurement
on recelving property of retarder and car
coupling nolse.

(a} Retarders. (1) Microphone: The
micraophone must be located on the
receiving property and positioned at a
height between 1.2 and 1.5 meters {4 to 5
feet} above the ground. The microphone
must be positioned with respect to the
equipment in accordance with the
manufacturers' recommendations for
Type 1 or Type 2 performance as
appropriate. No person may stand
between the microphone and the
equipment being measured or be
otherwise positioned relative to the
microphone at variance with the
manufacturers’ recommendations for
Type 1 or Type 2 performance as
appropriale.

(2) Date: The maximum A-weighted
sound levels (FAST) for every retarder
sound observed during the measurement
pertod must be read from the indicator
and recorded. Atleast 30 consecutive
retarder sounds must be measured. The
measurement period must be at least 60
minules and nol more than 240 minutes.
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{3} Adusled average maximum A-
weighled sound level: The encrgy
average level {or the measured retarder
sounds must be calculated to determine
the value of the average maximum A-
weighted sound level (Lyve mas). This
value is then adjusted by adding the
adjustment {C) from Table 2 appropriate
1o the number of measurements divided
by the duration of the measurement
period {n/T). to obtain the adjusted
average maximum A-weighted sound
level {Luas uve mes) for retarders,

(b) Car coupling impact.

(1) Microphone: The microphone must
be located on the receiving property and
at a distance of at least 30 meters (100
feet) from the centerline of the nearest
track on which car coupling occurs and
its sound is measured (that is, either the
microphone is located 30 meters (100
feet) from the neares! track on which
ccuplings occur, or all sounds resulting
from car coupling impacts thal occur on
tracks with centerlines located less than
30 meters {100 feet) from the microphone
are disregarded). The microphone shall
be positioned at a height between 1.2
and 1.5 meters (4 and 5 feet} above the
ground, and it must be positioned with
respect to the equipment in accordance
with the manufacturers’
recommendations for Type 1or Type 2
performance as appropriate. No person
may stand between the microphone and
the equipment being measured or be
otherwise positioned relative 1o the
microphone &t variance with the
manufacturers’ recommendations for
Type 1 or Type 2 performance as
appropriate.

{2) Dato: The maximum A-weighted
sound levels (FAST) for every car
coupling impact sound observed during
the measuremen! period mus! be read
from the indicator and recorded. At
least 30 consecutive car coupling impact
sounds must be measured. The
‘measuremen! period must be at least 60
minutes and not mare than 240 minutes,
and must be reported.

Table 2.=AusIMent 10 Laee e To Obtain Lass ooy
wae fOF Relaeders and Car Conpling nipacts !

n number of Meajurementy

e W € 2 Adpsiment in 98
T measurament daraton {en)
C1rit a0 14t -9
0342100178 -8
017913 0224 -7
002510 D 282 -6
028110 0355 -5
0256 to 0 447 _4
0 448 1¢ 0 562 -3
L <63 t¢ 0708 -2
$729 100881 -1
JBR218 1122 [
112315 1413 44
1a1ite 1778 -2
1773457339 +3

Table 2.—Adjustment to L,,, wes TO Obtain Ly uee
mu for Petardees and Car Coupling Impacts '—
(Continued}

n nuraber of measurements
e T Adjusten| in 0B
T MEASUTEMEr BiX 213N {mun)

————

22400 2818 Y
2879103548 +5
3549 10 4 467 +8

"Logs o mgt 2Lyee myy +CingB.

Vaiues i Tabie 2 were calculaied from [C=10 log niT]
with intervals selecled 10 1ound off valves o Ihe nesrest
whold dechel The Lable may be eriended or intevpolated 10
e mtecval gradalions by ysing this detrwng equation.

{3) Adjusted average maximum A-
weighted sound level: The energy
average level for the measured car
coupling sounds is calculated to
determine the average maximum sound
level (L,,. mae)- Itis then adjusted by
adding the adjustment {C) from Table 2
appropriate to the number of
measurements divided by the duration
of the measurement period {n/T}. to
obtain the adfusted average maximum
A-weighted sound level (Lya) ave max) foOr
car coupling impacts.

§ 201.27 Procedures for; {1) determining
applicability of the locomotlve ioad cell test
stand standard and switcher locomotive
standard by nolse measurement on a
recelving property; (2) measurement of
locomotive load cel! test stands more than
120 meters (400 feel) on a receiving
property,

{a) Microphone: The microphone must
be located at a receiving property
measurement location and must be
positioned at a height betiveen 1.2 and
1.5 meters (4 and 5 feet) above the
ground. Its position with respect to the

‘equipment must be in accordance with

the manufacturers’ recommendations for
Type 1 or Type 2 performance as
appropriate. No person may stand
belween the microphone and the
equipment being measured or be
otkerwise positioned relative to the
microphone at variance to the
manufacturers’ recommendations for
Type 1 or Type 2 performance as
appropriate.

(b} Dcta: (1) When there is evidence
that at least one of these two types of
riearly sleady state sound sources is
affecting the nofse environment, the
following measuremenis must be made.
The purpose of these measurements is to
determine the A-weighted Ly, stalistical
sound level, which is to be used as
described in subparagraph {c) below to
dotermine the applicability of the source
standards. Before this determination can
be made, the measured Ls is 1o be
“validated” by comparing the measured
Lis and L, statistical sound levels. If the
difference between these levels is
sufficiently small (4 dB or less), the
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souroalel ’“r'ﬁg measured is considered
tc e a neart, .leau, state source.

(2} Data shail be collected by
n easvring the instantaneaus A-
v.eishted soond level [SLOW) at a rate
cf atleast once e#ach 10 seconds for a
mezscrement period of at least 15
minutes snd vntil 10¢ measusrements are
ot!sined. The dats may be taken
manually Ly direct reading of the
indicator at 10 szcond intervals (21
second). or by atiaching a statistical
ara‘.nr grepnic level recarder, or oﬂ*cr
ecuiva’en’ device lo the sound level

meter for & mars cenbmucus rece sing of
the instantarecus sound level.
{3} The d¢'a shali be enelvzed ‘o
“determine the levels exceeded 9% 00?%.

2~3d10% of the ‘ime. i.e. Loy Lae. and Ly,
recpectveiv. The valie of Ly is
cunmd.re"‘ e validmeacure of the A-
54 Yevel for the etzndards
O] ‘\ lf l:’“ d)faﬂ“fﬁke

Lic &P Les has & va .:chdB
‘2ive of Lo is not

g
"
-a

bt \\"('1
ortess IF s measued
valid for inls LT £ TN
meav b- teker wver 3 lenzer rericd to
atten pt 1~ [rrrove the certainty of the
measurement and ty-validate L H Lie is
valid arndis wss than e level in
anplicatle stardards for these scurce
1pes, the sources are in cc.mp!iance. 1T
the mca‘w\_l" >¢ value of Ly is valid and
exceeds the initial 65 dB requirement for
cry of the seurce hvpes that aprear lo be
afferting the noise envircnments, the

; sdirg 1o the fellowing
boarsgraph (o) is required.

(¢] Deiermination of Appliceb:lity of
the Sirndard When L is Veolidated and
is in Excess of One or More of the
Suurce Stonderds The fnl wing
nrenedaree vust be veed to detenming
the resaplizrnce of the various source
tymes i ,‘w.‘ L. s z2lidated and in
ex.rse of cne or more of the applicabie

pATRCsY. T

‘ion mu ‘.
ss Ab‘.k_ by}
calizing its apparent
bezrver is clearly
Yization procecs

.

determi ned ewngto

f
the sound snd
source(s] fihe
cenvinced by 1his lac
that the scund emanates only from one

or Leth of these twre sources, them

() Henly da..onar, locomotivez),
including =t least cre switcher
locomotive. are present, the value of Ly
is the value ofthe A v\eighled sound
levi! to be used ir determining il the 65
¢B requiremont s exceeced and
com i ,‘;:_. -2 with the s'ondards in

L3

Ievel to be used in determining
applicability of the standard in § 201.16.

(i} If a joccmotive load cell test
stand(s} and the locomotive being tested
are present and operating with
staticnary Jocemotive(s), including at
least ane swilcher locomotive. the value
L., mirus 3 dB is the value of the A-
weighted sound leve! to be used in
determining epplicability of the
standards in § 201.11(c), § 201.12(c) and
§ 201 16

[iv] If a locomotive load cell lest
stand(s} and the locomotive being testcd
ate present and operating, and a
stativrary locomotive(s) is present, and
if the nearly steady-state sound level is
observed 1o change by 10 dB, coincident
with evidence of a change in operation
of the Jocomotive Joad cell test stand but
without apperent change in the location
of stationay i~romotives, another
measurement of Ly, mus! be made in
accordance with paragraph (b) of this
section. if this additianal measure of Lee
is validated and differe from the initial
measure of Lo by an absolute value of
10 ¢B o1 more. ther the higher value of
Ly is the v2lue of the A-weighted sound
leve! ta be used in determining
applicability of the standard in § 201,16,

(2) In order (2 accompiish the
cemparison demonstration of (3] below,
when cne or more source types is found
not to be in compliance with the
applicale stznde-dis) documentation
of neise saurce information shall be
necessary. This will include. but not be
limited te, the approximate location of
all sources of =ach source type present
and the microcphone position on a
disgram of the particular railroad
facitity, and the distances betwesn the
microphene location and each of the
sources mus! be estimated and reported.
Additionally, if other rail or non-rail
noise sources are detected, they must be
identified «nd s milar'y reported.

{3V i it can be demonstrated that the
validaled Ly is less than 5 dB greater
than any L., measured at the same
receiving property location when the
source types that were operating during
the initial measuremant(s) are either
turped off or moved, such that they can
no longer be detected, the initial
value!s} of L must not be used for
determining applicahility to the
standards. This demonstration must be
made al s time of day comparable 1o
that of the initial measurements and
when all other conditions are
acouslically simi.ar lo those reporled in
paragraph {c}2) of this section.

§201.28 Testing by railroad to determine

probable compllance with the standard.
{a) To determine whether it is

probably complying with the regulation,
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and therefore whether it should institute
noise abatement, a railroad may take
measurements on its own property at
lccations that: )

(1) Are between the source and
receiving propetty

{2} Derive no greater benefit from
shielding and other noise reduction
features that does the receiving
property; and

(3] Otherwise meet the requirements
of § 201.25.

(b) Measurements made for this
purpose should be in accordance with
the appropriate procedures in § 201.26 or
§ 201.27. If the resulting level is less than
the level stated in the standard, then
there is probably compliance with the
standard.

{c) This procedure is set forth to assist
the railroad in devising its compliance
plan. not es a substantive requirement

of the regulation.
{ER Doc B0-S Filed 1-30-80 B:45 am)

BILLING COOE 6580-01-M
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DE;AHYMENT OF TRANSPORTATION
Federal Raliroad Administration

4% CFR Part 229 and 230

{Docket Ho. LI-B, Notice No. 3)

Rzilroad Locomotive Safety Standards
and Lecomotive Inspection

AGENCY: Federal Reilroad
Adminisiration (FRA), Department cf
Transportalicn (DOT).

acTion: Finel rule.

sumMMaRY: This document revises Part
230 (42 CFR Farl 230) and establishes a
riow Puri 229 (42 CFR Part 229). The
pat's contain FRA s ru'es applicable te
railrond lucemotive inspection. The
revised rules update, consolidate. and
clarily the old rule and eliminale cerlain
rules 1.0 jonger considered necessary for
safety. This sction is teken by FRA lo
improve s safety regulatory program.
EFFECTIVE CATE: These rules will
brcstne effective on May 1, 1680,

FOR FURTHER INFORMATION CONTACT:
Prinripal Authors Principal Progrem
Persons Arthur T, dreland. Office of
Standards and Procedurss, Federa!
R.-lrozd Adminislraticn. Washington,
D.C 20590, Tetephone 202-426-918€,
incipe! Allorney: Michael E Chase,
Oifice of the Chief Counsel. Federal
Railroad Administration, Washington,
D.C 20580, Telephone 202—126-8516.
SUPPLEMENTAL INFORMATION:

Bacnground

Regulotory reform —On March 23,
1578, the Precident issued Executive
Qrder 12044, In that Order, he direcled
all Excrutive Agenzicr to sdep!
prosedures lo impreve existing and
future regutations. As & matier of policy,
vhe Order requires that reguiations be as
sin.ple and clear as possible, achieve
Tenislative goals efectively and
effs fenily. and not impose unnecessary
burdens To cchieve this policy
objertive. the Order requires Agencics
to wddress the follewing considerations.
among others, when developing
regulations: {1) The need for and
purrose of the regulation mus! be
clearly established: {2) An opportunity
mus! he provided lor early participation
ard comment by other Federai
Agencics. State and local governmenis.
businesses, organizations, and
individual members of the public: {3)
Meaninaful allernatives must be
considered and analyzed befare the
recu’ation is issued: and (4) Compliance
costs panerworh #nd other burdens or
the pablic mus? be minimized.

In response to the policies set forth in
Executive Order 12044. FRA initiated a
General Safely Inguiry for the purpose
of evaluating and impioving its safety
fegulatory program. This inquiry was
announced in the May 8, 1978, issue of
the Fedetal Register {43 FR 19696), That
notice also announced that FRA would
conduct a series of two-day public
hearings The notice stated that the
purpose of the hearings would be to
oblain information from the public that
would help FRA to determine whether
many of s existing regulations should
be expanded in scope. revised. or
reveked.

FRA has conducted all of the hearings
announced in the notice. These hearings
dealt with the following subjects: (1)
locomotives {June 14 and 15, 1978): (2}
freighl cars and safety appliances (july
12 ard 13,1878} (3) power brakes
{September 13 and 14, 1978); 14) track
and related ctructeres. appliances, and
devices (November 15 and 16. 1878} and
(5) smnal end communications syslems
(February 21 and 22, 1979).

Alter reviewing the testimony
presented al those hearings. end the
writlen comments submitted in response
1o the heering notice. FRA has begun the
process of issuing proposed rules for the
purpose of improving many of its
existing rules and eliminating others no
longer considered necessary for safety.
To date, three notices of proposed
rulemaking [NPRM] have been issued.
These are as follows: (1) Freight Car
Salety Siandards (44 FR 1419 January 5,
1978}, {2) Locomotive Inspection (44 FR
29604: May 21, 1979}; and (3) Track
Safety Standards {45 FR 52104
September 6, 1978). The Freight Car
Safely Standards were revised and the
final rule published on December 31.
1979 (44 FR 77328).

As announced in the NPRM, the FRA
held 2 two-day public hearing on the
proposed revision 1o the locomotive
inspection regulations. The hearing,
otizginally scheduled to begin on July 10,
1979. was postponed unlil September 12,
1979. al the request of the Association of
American Raiiroads (44 FR 38609 July 2.
1979). At thal hearing, testimony was
presented by eight railroads, one state
regional fransportation agencey, the
Association of American Railroads
{AAR). the Railway Labor Executives
Association (RLEA}. and one
manulacilurer of railroad locomotives. In
addition, writlen comments were
submitted by & number of railroads,
inciuding some which did not testify st
the heering rail lahor groups state
transportation agencies, a Federal
agency. locomotive manufacturers, and

private persons. All of the testimony and -
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comments have been reviewed and fully
considered during the formulation of the
final rules set forth in this document,
Most commenters expressed strong
supporl in general for the proposed
rules. However, many recommended
that revisions be made 10 one or more of
the changes proposed by FRA, Mos! of
the suggestions were minor or technica!
in nature, although certain proposed
changes sparked sharp disagreement
from one or more commenters. These
latter changes included the exiention
from & 30-day inspection to a 82-day
inspeclion. the consecutively numbered
periodic inspection system, the
movement of locomolives for repair. and
the requirements for wheel slip/slide
protection. Only one commenter. RLEA.
roncluded that on balance the benefiis

_ of fhe proposed revision were

outweighed by what it believed to be the
possible adverse effects. However,
many of RLEA's comments were focused
on entirely new safety requirements that
it believed should have been included
the proposed rules rather than on the
changes actually included the proposed
rules.

The {ollowing is a summary of many
of the comments received and an
explanation of the revisions made by
FRA in response o those comments,
The comments and related revisions
have been crganized in a section by
section format. Minor editorial or
language changes have been made to a
few sections without a specilic
explanation,

Section by Section Analysis

PART 230—STEAM LOCOMOTIVE
INSPECTION

§ 2300 Steam power locomolives.

No specific commenls were received
and no change has been made. Hence,
Subpart A and Subpari B of 49 CFR Part
230 will be removed from the Code of
Federz] Regulalions [CFR). The
regulations remain in effect even lhough
their complete text will no longer bLe
reprinted in future additions of the CFR.

PART 2290—RAILROAD LOCOMOTIVE
SAFETY STANDARDS

Subpart A—General

$ 2293 Scope.

No comments were received and no
change has been made.
§229.3 Appiicability.

The AAR suggested that the part not
apply to locomotives operated
occasionally in the United Stales that
are owned by raiiroads in Canada and
that comply with Candian Transport



‘No 617 MovdderaliReglster JO%0Y 49:'Nox 6 FMowdip:sMarch: 311980 A Rules and. Bagulationa, o, PLA§
' R i ol 88 don

proposed requirement relating to closed
metal containers.

As part of its comments on § 229.119,
RLEA proposed that the rule include a
number of new substantive
requirements. These items, many of
which are beyond the scope of the
nctice of proposed rulemaking, include
minimum cab floor space requirements,
clean cab requirements, position of the
engineer in the cab, detailed
specifications for cab seats. drinking
water requirements, layout of indicalors
and controls in the cab, uniformity of
cab design and location, air
cenditioning, sir filter requirements, and
crashworthiness of the cab. NTSB also
addressed the crashworthiness issue.
FRA does not believe that any of these
iterns warrant action at this time fora
variety of reasons. Some are already
be:ng addressed without Federal
regulation through voluntary action, e.g..
Cleun Cab Committee. Others are more
prapesly the subject of collective
bargaining. Many are not significantly
related to rail safety or have not been
jus!ified on a cost/benefit basis. With
respert to the issue of crashworthiness,
FRA believes that additional study is
necessary to develop meaningful
standards. A study is presently being
made by FRA with e final report
tentatively scheduled for completion in
1982.

§ 225.121 Locomotive cob noise.

This section sparked numerous
comments. AAR and several railroad
cammeaters did not believe that FRA
should edopt an occupational noise
standard for the locomotive in-cab
en~irsninent. Specifically. they
questioned the justification for such a
regulation due to an absence of accident
data or medical evidence linking crew
member impairment to high noise
exposure. It was also contended that
this cccupational noise standard,
adopted from that conlained in the
Qccupational Safety and Health
Adminisiration [OSHA) regulations,
was not appropriale for the railroad ~
environment. The extensive litigation
and controversy surrounding its
enforcement were cited to suppor! their
claim that it should not be applied
across-the-board to all industries.
Finaily, the commenters alleged that
cconomic feasibility was an important
determinant and questioned whether
FRA had considered the cost effects of
this standard. or whether a means of
compliance had been determined.

Despite the concerns expressed
above. the FRA believes that regulation
in this area is warranted. Medical and
sccident data cannot always be
zcrralated with noise exposure.

Frequently. noise induced hearing loss is
not recognized for many years, and even
then is not always associated with
working conditions, but dismissed as
hearing loss due to advancing age
{presbycusis}. Thus, occupational illness
data may not relizbly indicate the true
nature of an occupations! noise
preblem.

It is now generally accepted that
extended periods of exposure to high
noise levels cause varying degrees of
temporary and permanent hearing loss.
Aside from hearing loss, exposure o
high noise levels has also been related
to changes in cardievascular, endocrine,
neurologic. and other physialogic
functions. All of these are suggestive of
a general siress reaction with resultant
complaints of fatigue and irritability.
Although the elfects of these reactions
on accident rales cannot be quantified.
noise level distraction from narmal
surveillahce of wayside signals and
from locomotive controls can be &
significant causal factor.

As far as the cost effects and
economic Teasibility of this regulation,
FRA estimales that less than & percent
of the locomotives now in service
produce interior noise levels in excess of
the prescribed limits. A substantial
proportion of these can be brought into
compliance by relatively simple
maintenance procedures, such as
improving seals and gaskets or replacing
missing electrical cabinet panels. Also,
substantial noise reductions can be
achieved in the areas of controlling air
brake exhaust and excessive horn noise
in the cab. Reduction of horn and air
brake noise is the most significan! factor
in regards to crew exposure and is the
most cost effective approach. The
following discussion identifies some
engineering controls thal have been
utilized in these areas.

Major locomative manufacturers
presently offer, as an option. a methad
for piping the automalic brake valve
service application and independent
brake valve exhaust inlo the sub-base of
the locomotive. This option provides an
audible indication of brake performance
while, at the same time, it has been
estimated to reduce the cab occupants'
noise dosage by 15 to 20 percent. It is
available at an additional cost of
approximately $100 to $150, and is
presently specified by two railroads for
their new units. One railroad has
retrofitted their exisling equipment as
well.

Excessive air horn noise in the cab is
most easily controlled by proper
location of the horn on the locomative. 1t
should be away from air venis and not
located on the cab roof in close
proximity to any crew member's seat. I
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is estimated that relocation can be
accomplished at labor costs of less than
one hour.

The costs involved in lowering
employee exposure to noise may be
balanced by reduced compensation
costs associaled with high noise work
environments. A recent analysis of the
Federal Employers' Liability Act cases
of five railroad employees seeking
compensation {or eccupational hearing
loss showed tha! they suffered from 37
to 82dB hearing loss and received
awards of a mean value of $32,000.

" - One commenter steted that the cab

noise standard was unnecessary -
because newer locomolives are quieler
than the older ones. end that the cab
noise sitluation will improve even more
due to the EPA wayside noise
standards.

FRA does not disagree with the
contention that locometives are now,
generally speaking. quieter than thase
built in the past. However, these older
units may remain in setvice far many
years. As far s the effect of the EPA
standards on interior noise levels. based
on test data from major locomotive
manufacturers, it appears that the noise
reduction techniques incorporated in the
post-1980 units to meet extericr passby
noise standards will have little or ne
effect on the interior cab nocise
envirorument.

One commenter recommended that
the interior cab noise standard only
apply to new locomotives, It was
questioned whether it would be prudent
to retrofit locomotives that were very
close to being retired.

FRA does not agree that a blankel
exemption to this regulation is
appropriate for existing locomotives. As
previcusly mentioned. these units may
remain in service for many years and, if
required, can often be brought into
compliance by the implementation of the
maintenance procedures or the
identified methods to reduce horn and
brake nois¢ in the cab.

The cab noise requirement becomes
effective on Septembet 1, 1980, and the
compliance time between issuance and
the effective date provides ample time
for any retrofitting that may be required.
Of course, an application for waiver of
this standard may be appropriate for
those special cases where it can be
demonstrated that retrofit is not cost/
effective and that an alternate hearing
conservation program is to be
implemented.

Three commenters alleged that this
regulation should only apply to MU cars
built after January 1. 1981, and should
not apply 1o emergency application of
air brakes on multiple unit equipment.
They claimed that although their older
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cars exceed the 1154B[A) limil on
emeigency application of brakes. they
have uperated witheu! crew complaints
corcerning cab noise for over 15 years.

FRA does not agree with this
suggestion. The absence of complaints
does rot always correlale with
conditions of nen-excessive noise.
Tclerance 1o noise i8 subjective with
some people mare sensitive than others.
In addition. alter years of excessive
exposure. the onsel of hearing less may
further minimize annoyance elfects.

{n addition to the technologies
discussed above to reduce air brake
valve noise, the efforts of a major air
brake manufacturer concerning the PS-
68-C air brake valve installed on
multiple unit cars should be noted. This
allernative, which was chosen among
others beczuse of ease of installation
ard manicrnence resulleding
substantiz! reduction in the noise level
in comparison with the naise preduced
by the criodified valve. :

Three commenters objected to the fact
that the propoases reofze limite diffsred

-from the OSHA standard by the
omission of the piovision thal "exposure
to impulsive ar impact noise should not
excezd 140dD peak sound prescure

level”. They contended that this
provision should have been inserted in
lies of the provision in the proposal
stating that no expaosure shall exceed
115dB{AL.

FRA did not incorporate the 140dB
impact/impulse noise limit because this
type of nai-e is not nermally present in
the locomative cab. Impact or impulse
noire is characterized by very brief (less
than ore second) excursions ol sound
pressure and ;s normally associated
with industrial processes in which two
objects collide or which use explosive
means of production Ear tolerance is
directly related to its characteristic rise
time. peak sound level, and peak
duraticn. Contirucus¢ noise, on the othet
hand. is typically associated with the
1154B{A) Yimit whick {s derived from the
804B(A)}-5dB doubling rate criterion. To
minimize confusion in this area. the final
rule distingulshes continuous or
intermittent noise from impulse fimpact
neise by defiring continuous noise as to
its rise time 16 peak inlensity and
duration at that level.

The concern about the 115dB{A]}
limitatior. may be somewhat alleviated
by the accuracy limitations of the noise
measuring instrumentation. Far
compliance purposes, readings with the
Type 2 sound level meter and the
personai noise dosimeler are considered
to have an accuracy of 22dB FRA will
use this measurement tolerance in our
enforcer.ent aclivities

Oone commenter, RLEA, took ~
exceplion to the proposed 80dB(A) 8-
hour limit and suggested tha! 85dB(A)
was more appropriate as the lime-
weighted average. Various research
studies were quoted to support their
conlention that a lower standard was
requited to minimize noise level
distraction from normal surveillance of
wayside signals and locomative
controls, to ensure that communication
between crew members i{s unimpaired.
and to minimize the risk of hearing
impairment. For example. the Swedish
goal of no more than 78dB[A} inside the
cab of their locomotives was mentioned
by this commenier {o support his
conlention.

In selecting the propesed noise
exposure limits, FRA has attempted to
strike a balance between that which is
most desirable and that which is
feasible. While the Swedish goal is
commendable. it should also be realized
that their operations rely more on the
usage of generally quieler electric
locomotives then rail operations in the
United Slales. With regerd to the risk of
hearing loss, FRA recognizes that
comparatively more crew members will
be at lower risk 81 85dB{A) than at
80dB{A). However, we also recognize
the technical feasibility problems and
the economic impac! associaled with an
850B{A) requirement. Significant
reduction in interior noise levels has
been achieved in recent years by
locomotive manufecturers by additional
insulation installed in the cab roof and
electrica! cabinets, piping the brake
valve exhaus! cutside the cab, and by
horn location considerations. Further
redugtions may not be prudent due to
significant increases in costs without a
commensurate reduction in crew
exposure.

In summary. FRA has determined that
the 90dB{A}-8 hour noise exposure limil
will provide adequate protection lor the
hearing. communication. and comfort of
lecomotive crews under presently
accepted standards. More restrictive
criteria will be considered if future
research indicates that neise-induced
fatigue at these levels adversely affects
the safety of train operations.

Three commenters asceried that FRA
should not have included the noise
exposure of employees at 85dB(A) for 16
hours because under the Hours of
Service Act, the maximum work day
shift is only 12 hours. They
recommended that the exposure limit
only be extended to cover a 12-hour
exposure of 87dB{A). Two other
commenters believed that the exposure
limit should. like the OSHA standard,
cover only 8 hours.
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FRA's intention in the propesal was to
limit employee exposure to 90dB!A) as
an eight-hour time-weighted average.
with a 5dB doubling rate (the amount by
which the exposure intensity may be
increased when exposure time is
decreased). As specified in the NPRM,
this standard is generally accepted and
is the General Industry Standard
adopted by the Occupational Salety and
Health Administration. (Although
OSHA's present standard limits
employee expasure to noise to S50dB(A)
as an eight-hour time-weighted average
with a 5dB doubling rate. a subsequent
NPRM proposed to extend these limits
to 85dB[A} for 16 hours. (42 FR 37773,
October 24, 1974))

FRA has re-examined ils approach in
this area and now believes that neither
the 8 or 16 hour limit is appropriate for
the railroad operating environment.
Rather. the 12-Hours of Service
limitation should povern the extension
of the 5dB doubling rate. Accordingly.
the linal rule has been modified by
deleting the entry in the table limiting
exposure at 16 hours to 85dB{A) and
thus effectively specifies that only
exposures above 87dB{A) be included
when calculating an employee’s noise
dose.

A major locomotive manufacturer
recommended that FRA specily test
parameters and conditions for sound
measurement to permit an objective
assessmeni of compliance. A related
comment in this area was the suggestion
by one rzilroad thal FRA relate
measured noise levels to assigned duty
cycles for comparison with the specified
exposure limits.

FRA appreciates these commeniers’
concerns. A requirement has been
edded in the final rule on microphone
location and crientation to minimize test
result variability due to measurement
procedures. At the same time, to best
approximate the crew member's
expaosure due to operalional variability.
the final rule requires that all  ~
measurements for determination of
compliance be performed under typical
operating conditions of the locomotive
under lesl.

FRA is aware that the crew's
exposure dose is strongly influenced by
operational characteristics such as duly
cycles and the frequency of grade-
crossings. It is for this reason that FRA,
in cooperation with the AAR, has
sponsored efforts by the National
Bureau of Standards 1o develop a
simplified stationary tesl procedure that
will correlate crew exposure and noise
level data for these effects. Thr
stationary lest procedure, if valid, would
yield a value that could be correlated to
the specified lime-weighled average
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limits. In addition, remedial action
would be facilitated by the identification
of high noise sources in the locomotive
under test. I such a valid test procedure
can be developed, FRA will incorporate
it as an appendix to these regulalions as
a suggested method of compliance.
Finally, it was suggested by one
commenter that language be added
staling that a locomotive, at the time of
its manufacture, be certified as
cemplying with this section. Unlike the
EPA standards and FRA Compliance
Regulations {49 CFR 210}, this section
does not limil noise emissions. Rather,
the limits relate to the noise level
exposure of the locomotive accupants.
Noise level exposure, in turn, is
- cperational dependent and thus,
influenced by duly cycles, and the
rarticular characteristic of train
operation. It is questionable whether, at
this time. a manufacturer could certify,
with acceptable accuracy, compliance
with the prescribed neise exposure
Himits.

§ 229.123 Pilats, snowplows, end
plates.

The final rule is the same as propesed
except that the effective date {s
pce'poned until January 1, 1981, The
effective date is delayed in order to
provide time to equip locomalives lhat
do not now have either a pilot, a
sncwplow, or an end plate.

RLEA requested that the rule include
design standards for these components.
FRA does not agree that this is
necessary since locomotive suppliers
and railroads are capable of designing
and installing these items. There is no
indication that presently equipped
locomatives. which conslitute the vast
majority of the current fleet, have
inadequate or structually unsound end
plates, snowplows, or pilots,

Several other commenters who
operate MU locomotives indicated that
\MUs are not equipped. They suggested
that MU locomatives be excluded from
the requirement. FRA disagrees because
it believes a device to deflect objects dn
the track is an important safety device.
The need for such a device is greater
now than in the pasl becausc of sharply
increased incidents of vandalism.

§ 229,125 Headlights.

The linal rule has modified the
rroposed rule in two respects. It was
~nted by one commenter that there is no
reed for the second locomotive ina
loromotive consist to have an aperalive
headlight. An inoperative headlight on a
‘ncomative that is not the lead
locomaolive is unrelated ta safety and
shouid not be a non-complying
condition. FRA agrees with thig analysis

and has drafted the final rule to require
only the lead locomotive to meet the
headlight requirement.

A number of commenters noted that
rule did not require alignment and focus
of the headlight. FRA agrees and has
included language from the prior rule
that the light be arranged 1o illuminate a
person shead and in front of the
locomotive at a given distance.

RLEA slated thal the rule ought to
require that new locomolives be built
with sealed beam dual headlights on
both ends. FRA does no! believe that
this detailed design requirement is
necessary for safety, although FRA
noles that most Jotomotives are
currently so buill, Safety is met so long
as the locomotive has a headlight that
meets the candela requirements of the
rule.

Several railroad commenters
disagreed with the required candela
ratings included in the proposal. They
did not, however, challenge the
statement in the preamble to the NPRM
that the candela levels selected
correspond to the intensity level
implicitly required under the prior rule.
What these commenters apparently
were saying is that the FRA could 1ake
exception under the prior rules to
cerlain Jocomotives in their fleets, but
FRA had not done so. FRA is not
inclined to reduce the candela limits of
the proposal since they reasonably
reflec! the prior rule. Nor should the use
of a modern standard for light intensity
be viewed as reflecting & change in
FRA's enforcement approach. The
wativer process can be utilized if &
compliance problem arises for certain
categories of locomotives,

'§220.127 Cab lights.

The final rule reflects twa changes to
the proposed rule. First, the comma
between the words “cab passageways”
ia deleted. This was a typographical
error in the NPRM and this language in
the final rule now identically tracks the
language of § 230.233(b). Second., the
word "excessively” has been added to
the requirement in paragraph (c) of the
NPRM that batteries may not gas and
the entire paragraph is moved to
§ 229.43(b) of the final rule. Both
changes were made as a result of
comments from the AAR and several
railroads. RLEA requested that the final
rule include a new requirement that cab
lights have an on/off switch accessible
to the crew. FRA does believe that

salety warrants adding this requirement.

The final ruie provides that the lights
illuminating the control instruments
shall shine enly on those parts requiring
iiftumination and shall not interfere with
the crew’s vision of the track and
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signals. The rule also provides that the
light for reading timetables and train
order shall have an on/off switch.

§ 229.129 Audible warning device.

The final rule reflects several changes
from the NPRM. A number of
commenters suggested that FRA delele
the proposed language and retain the
present standard. These commenters
contended that there was a lack of dala
to support the proposed change and that
present devices are loud enough. One
commenter suggesied that FRA study
the current audible warning system in
light of the strobe light NPRM.

FRA has sponsored extensive
research to determine the most effective
means of alerling motorists and
pedestrians of approaching trains. The
reports of the research focusing on
audible warning devices indicate that
primary reliance on these devices to
warn molorists is not justified, and that
to be loud enough to warn in sll
ordinary circumstances, the sound level
would have to be increased greatly. The
increased sound level would produce
intolerable community and interior cab
noise.

At the same time. FRA recognizes that
there are circumstances where the use
of the audible warning system plays an
integral role in minimizing hazards due
to approaching trains. [t is for this
reason that FRA has prescribed an
objective measure of their performance
by the specification of minimum decibel
levels. The performance of an audible

. warning device may vary for a number

of causes including not only its
consiruction and its location, but also its
general maintenance, problems
involving the filtration of the air supply,
and deterioration of the diaphragm. The
present standard does not afferd a
convenient method for verifying that the
audible warning device is "'safe and
suitable for service.” other than the
extremely subjective belief that it may
not sound right. The most accurate
mcthod of determining the effectiveness
is to rate ils decibe! output which can be
readily verified with scund
measurement equipment.

A major locomotive manufacturer
claimed that their present three chime
horn would nct meet the proposed
decibel levels. [n particular, they were
concerned that they could not meet the
proposed 96dB{A) requirement at 100
feet from the rear of the locomotive and
recommended that FRA specify 92dB(A)
at this position.

FRA’s intention in selting minimum
decibel levels for audible warning
devices was to prescribe a method for
determining if these devices were being
maintained and working properly. It was
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limits. In addition, remedial action
would be facilitated by the identification
of high noise sources in the locomotive
under test. If such a valid fesl procedure
can be developed. FRA will incorporate
il as an appendix 1o these regulalions as
a suggested method of compliance.
Finally, it was suggested by one

commenter that language be added
stating that a locomotive, &1 the time of
its manufacture, be certified as
complying with this section. Unlike the
EPA standards and FRA Compliance
Regulations {49 CFR 210), this section
does not limit noise emissions. Rather,
the limits relate to the noise level
exposure of the Jocomotive occupants.
Noise level exposure, in turn, is

" operetional dependent snd thus,
influenced by duty cycles, and the
particular characteristic of train
operation, It is questionable whether, at
this lime, a manufacturer could certify,
with acceptable accuracy, compliance
with the prescribed noise exposure
limite.

229.123 Pilots, snowplows, end
plaies.

The final rule is the same as proposed
excepl that the effective date is
postporned until January 1, 1981, The
effective date is delayed in order to
provide time to equip locomotives that
do not now have either s pilot, a
anowplow, or an end plate.

RLEA requested that the rule include
design standards for these components.
FRA does nol agree that this is
necessary since locomotive suppliers
and railroads are capable of designing
and installing these items. There is no
indication that presenlly equipped
locomatives, which constitute the vast
majority of the current flect, have
inadequate or structually unsound end
plates, snowplows, or pilots.

Several other commenters who
operate MU locomotives indicated that
MUs are not equipped. They suggested
that MU locomotives be excluded from
the requirement. FRA disagrecs because
it believes a device to deflect objects on
the track is an important sefety device.
The need for such a device is greater
now than in the past becavse of sharply
increased incidents of vandalism.

§ 229.125 Headlights.

The final rule has modified the
proposed rule in two respeclts. If was
noted by ene commenter that there is no
need for the second locomotive in a
locomotive consist to have an operative
headlight. An inoperative headlight on a
locomotive that is not the lead
locomative is unrelated o safety and
should not be a nen-complying
condition. FRA agrees with this enalysis

and has drafled the final rule to require
only the lead locomotive to meet the
headlight requirement.

A number of commenters noted that
rule did not require alignment and focus
of the headlighl. FRA agrees and has
included language from the prior rule
that the light be arranged to illuminate a
person ahead and in front of the
locomolive at a given distance.

RLEA stated that the rule ought 1o
require that new locomaotives be built
with sealed beam dual headlights en
bath ends. FRA does not believe that
this detailed design reguirement is
necessary for safety, although FRA
notes that most lotomolives are
currently so buill. Safety is met so long
as the locomolive has a headlight that
meets the candela requirements of the
rule. ‘

Several railroad commenlers
disagreed with the required candela
ratings included in the proposal. They
did not, however, challenge the
statement in the preamble to the NPRM
that the candela levels selected
correspond to the intensity level
implicitly required under the prior rule.
What these commenlers apparently
were saying is that the FRA could take
exceplion under the prior rules to
certain Jocomotives in their fleets, but
FRA had not done so. FRA is not
Inclined to reduce the candela limits of
the proposal since they reasonably
reflect the prior rule. Nor should the use
of a modern standard for light intensity
be viewed as reflecting a change in
FRA’s enflorcement approach. The
waiver process can be ulilized if a
compliance problem arises for certain
cetegories of locomotives. ~

"$228.127 Cab lights.

The final rule reflects two changes to
the proposed rule. First, the comma
between the words “cab passageways™
is deleted. This was a typographical
error in the NPRM and this language in
the final rule now identically lracks the
language of § 230.233(b). Second. the
ward "excessively” has been added to
the requirement in paragraph (c) of the
NPRM that batteries may not gas and
the entire paragraph is moved to
§ 229.43{b}) of the final rule. Both
changes were made &s a result of
comments from the AAR and several
railroads. RLEA requested that the {inal
rule include a new requirement that cab
lights have an on/cff swilch accessible
to the crew. FRA does believe that

safely warrants adding this requirement.

The fina! rele provides that the Jights
illuminsting the control instruments
shal! shine only on those parts requiring
illumination and shall not inlerfere with
the crew's vision of the track and
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signals. The rule also provides that the
kight for reading timetables and train
order shall have an on/off switch.

§ 229.129 Audible worning device.

The final rule reflects several changes
from the NPRM. A number of
commenlers suggested that FRA delete
the proposed language and retain the
present slendard. These commenters
contended that there was a lack of dala
to support the propesed change and that
presen! devices are loud enough. One
commenter suggested that FRA study
the current audible warning system in
light of the strobe light NPRM.

FRA has sponsored extensive
research to delermine the most effective
mcans of alerling motorists and
pedestrians of approaching trains. The
reporls of Lhe research [ocusing on
audible waming devices indicate that
primary reliance on these devices 1o
wam motorists is not justified, and that
to be loud enough to warn in all
ordinary circumstances, the sound level
would have to be increased greatly. The
increased sound level would produce
intolerable community and interior ceb
noise.

At the same time, FRA recognizes that
there are circumstances where the use
of the gudible warning system plays an
integral role in minimizing hazards due
to spproaching trains. It is for this
reason that FRA has prescribed an
objective measure of their performance
by the specification of minimum decibel
levels, The performance of an audible
warning device may vary for a number
of causes including not only its
construction and its location, but elsao its
general maintenance, problems
invalving the filtration of the air supply,
and deterioration of the diaphragm. The
present standard does not afford a
convenient method for verifying that the
audible warning device is “safe and
suitable for service,” other than the
extremely subjective belief that it may
not sound right. The most accurate
method of determining the effectivencss
is to rate its decibel output which can be
readily verified with sound
measurement equipment.

A major locomotive manufaclurer
claimed that their present three chime
horn would not meet the proposed
decibel levels. In particular, they were
concerned that they could not meet the
proposed 96dB(A) requirement at 100
feet from the rear of the locomotive and
recommended that FRA specify 82dB{A)
at this position.

FRA’s intention in setling minimum
decibel levels for audible warning
devices was to prescribe a method for
determining if these devices were being
mainiained and working properly. It was
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rot our intention o consign the well-
maintained. standard three chime horn,
to be cut of compliance. FRA has further
examined the measurement data relied
upon when selecting the proposed
tevels. and a strong dependency on lest
measurement criteria such as weather
conditions, lopographical
considerations, instrument lolerances.
and reflecting objects has been
revealed. In addition. measurements
taken [rom the rear of the locomotive
are heavily influenced by shadow
effects of the hood structure. and line-of-
sight limitations.

Accerdingly, the final regulalion has
teen revised to sccount for these eflfects
by aliowing & 4dB measurement
to'erance. (Included in thia lolerance is
the generally accepted 2dB instrument
tolerance.} It should also be recognized
that a listener perceives a change of this
magnilude as a relatively small
difference in loudness,

A number of commenters claimed that
the requirement the! one chime of the
sudible warning device face in the
ditection of trave! was redundant and
should be deleted. Another commenter
suggested that FRA require at least two
chimes face in the forward direction.

FRA has re-examined i's approach
regarding the additional requirement on
the chime direction of the warning
device. The commenters’ concerns
regarding this issue have merit. FRA has
specified a minimum decibel standard
for the audible warning device to ensure
that it is functioning properly. In
addition, to sccount for reverse
mcvement, we have required that this
decibel level must be satisfied in the
dirzction of travel of the locomotive, To
impose a further requirement on chime
direction is redundant and not integral
to our stated goal. FRA has also
concluded that it is not prudent to
mandate a particular homn location or
orientation for all locomotives.
Accordingly. the chime direction
requirement has been deleled in the
final rule.

One commenter suggested that this
section be revised to ensure that the
cccupants of the cab are protected from
the noise of the audible warning device.
In particular, it was suggested that FRA
require that the device be located on the
certer line of the roof of the locomolive
as far forward as possible and that a
means be devised to deflect the sound
away from the tab. The commenter’s
concerns over interior cab noise levels
are addressed in § 220.121 by the
gnecilic occupational noise limits for
tqh noise exposure contained in that
section.

A few commenters were concerned
that FRA did not prescribe a

measurement methodology to account
for topography, speed. and other factors.
The commenters’ concern aver the lack
of a measuremen! methodolgy ia
partially eddressed by the incorporation
in the final rule of the measurement
tolerance which will account for the
cited variables. We believe this
approach is preferable to imposing
restrictive test criteria. However, to
further minimize test variability, the
requirements on sound level type and
micler response characteristic heve been
expanded by a specification on
microphone position when performing
measurements.

Three commenters were concerned
that their audible warning devices on
MU cars would not meet the decibel or
direction of at least one chime
requirement. They suggested that these
cars should be exempt from this section,
or alternatively. that the effective date
be adjusted to allow for waiver
applications. They based this contention
on the fact that their operations were
unique due to grade crossing protection,
speed restrictions, and travel through
noise-sensitive areas.

FRA agrees that due to the diversity
of the railroad industry, differing
individual circumstances may justify
waiver of the provisions of this rule.
However, FRA does not believe, based
on the information supplied, that there {s
a reasonable basis to generally exempt
these operations from the rule itsell.
Rather, a petition for waiver of this
provision is a more appropriate method
by which to address the special
problems of an individual carrier or
particular operation. The effective date
of the section has been delayed for a
period of several months. This time
period will allow for both a
femiliarization period as well as an
opportunity to seek a waiver from the
requirements if appropriate.

§ 229.131 Sanders.
No comments were received and no

_ change has been made.

§ 220141 Body structure, MU
locomotives.

No comments. No change.
Civil Penalty Policy

RLEA was the only commenter that
addressed the issue of civil penalties.
RLEA stated that the minimum penalty
for any violation should be higher than
5250. FRA's discretion regarding the
amount of civil penalties assessed is
circumscribed by the provisions of the
Locomotive Inspection Ac!, as amended.
Section 9 of that Act (45 U.S.C. M)
provides that penalties for violations of
rules. regulations or orders made under
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it shall be not less than $250 and not
more than $2,500.

Appendix B to the final rule contains
a revised penalty schedule that equates
the amount of penalties to be assessed
with the nature and degree of violations.

The purpose of Federal regulation of
locomotives is to promote the safety of
employees and the public. The
achievement of that purpese is directly
dependent upon compliance with the
regulations. Therefore, the penalty
levels for non-compliance should be
structured in @ manner that will
effectively promote future compliance
with the regulations. FRA believes that
the revised penalty schedule will help to
achieve that abjective by refining the
correlation between the degree of
hazard presented by a violative
condition and the amount of penalty
assessed.

Appendix B of the final rule
prescribes substantial penalties for
violations of the rule. Where the degree
of non-compliance could be objectively
quantified, corresponding distinctions
have been established in the penalty
levels. In general, the highest penalities
have been reserved for conditions that
involve the greatest threat to the safety
of employees and the public.

Appendix B provides for higher
penalties where the circumstances
indicate violetions to be intentional. An
intentional violation is the knowing and
willful failure of a carrier to comply with
the provisions of this final rule. The
knowledge required for an intentional
violation is knowledge of the facts
constituting the violation. Knowledge of
the regulations by a carrier is presumed
by law. There are two instances that
conslitute prima facie evidence that a
violation was knowing and willful; first,
where there is evidence that a violation
has been committed or has been
allowed to continue by a carrier after an
FRA inspector has provided the carrier
with notification of deviation {rom the
requirements of this rule; and second,
where a carrier has made any repair to
the locomotive component or
appurtenance but has not brought that
component or appurtenance into full
compliance with this rule.

Under the penalty schedule, the
locomaotive {as opposed to individual
deviations from this rule of individual
component!s and appurtenance) remains
the essential unit of violation. However,
failure to perform, with respectto a
particular locomotive, any of the
inspections and tests required under
Subpart B of this rule will be treated as
a violation separate from, and in
addition to. any other violative
conditions detected on thai 16comotive.
Penalties associated with individual
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£ 229121 Locomolive tab nolse,

{a} Alter Augyst 31, 1980, the
permissible exposvre to a conlimous
noise in a locomotive cab shall not
exceed an eight-hour time-weighted
uverage of 80dB[A). with a doubling rate
of 5 dB{A) as indicated in the table.
Continuous noise is any sound with a
rise {ime of more than 35 milliseconds to
peak intensity and a duration of more
than 500 milliseconds to the time when
the leve! is 20dB below the peak.

Sound levet
1oAY

Owralon parmitied {hours)
[T 87

12 o
90

L}

4 .o . 95
z

thy

1

100
102
104
“t G e 140
oot wess . B . s

{b)When the continuous noise
exposure is ccmposed of two cr more
periods of noise exposure of diflcrent
levels. their combined effect shall be
considered. Exposure to different levels
for various priiods of time shali be
computed according 1o the follewing
formula:

DT/l Tllat. .. . Tulls

Where

D = noisc dose.

T = the duration of exposure (in hours} ata
given continucus noisc level.

L = the limit {in hours) for the level present
during the iime T (from the table).

1f the value of D exceeds 1. the exposure
exceeds permissible levels.

{c) Exposure’ to continuous noise shall
not exceed 115dB(A). ‘

{d! Noise measurements shall be
made under typical operating conditions
using a sound level meter conforming. at
a minimum. to the requirements of ANS1
G1.4-1971. Type 2. and set to an A-
weighted slow response or with an
auvdiodosimeter of equivalent accuracy
and precision.

{e} tn cenducting sound level
measurements with a sound level meter,
the microphone shall be oriented
vertically and positioned appreximately
15 centimeters from and on axis with the
crew member's ear. Measurements with
an audiodosimeter shall be conducted in
accordance with manufacturer’s
procedures as to microphone placement
and orientation.

§229.123 Pilots, snowplows, end plates,

Alter January 1, 1981, each lead
locomotive shall be equipped with an
end plate that extends across both rails.
a pilol. or a snowplow. The minimum
clearance abave the rail of the pilot.
snowplow ot end plate shall be 3 inches.
and the maximum clearance & inches.

1

E]

§229.125 MHeadlights.

{a} Each lead locomotive used in road
service shall have a headlight that
produces at least 200.000 candela lf a
locomotive ot locomative consist in road
service is regularly required to run
backward for any portion of its trip
other than to pick up a detached portion
olits train or lo make terminal
movements. it shall also have on its rear
& headlight that produces at least
200.000 candela. Each headlight shall be
arranged to illuminate a person at least
B0O feet ahead and in front of the
headlight.

(b} Each locomotive or locomptive
consist used in yard service shall have
two headlights. one located on the front
of the locomotive or locomotive consist

and one on its rear. Each headlight shall -

produce at least 60,000 candela and
shall be arranged to illuminate a person
at least 300 feet ahead and in front of
the headlight.

[c) Headlights shall be provided with
a device to dim the light.

§ 229.127 Cab lights.

{a) Each locomotive shall have cab
tights which will provide sufficient
illumination for the control instruments,
meters, and gauges to enable the engine
crew to make accurale readings from
their normal positions in the cab. These
lights shall be tocated, constructed, and
maintained so that kight shines only on
those parts requiring illumination end
does not interfere with the crew's vision
of the track and signals. Each controlling
locomotlive shall elso have a
conveniently located light that can be
readily turned on and off by the persons
operating the locomotive and that
provides sufficient illumination for them
{o read train orders and timetables.

(b} Cab passageways and
compartments shall have adequale
ilumination.

§229.12% Audible warning device.

{a} After August 31, 1980, each lead
locomotive shall be provided with an
audible warning device that produces a
minimum sound level of 86db{A) at 100
feet forward of the locemotive in its
direction of travel. The device shall be
arranged so that it can be conveniently
operated from the engineer's normat
position in the cab.

(b) Measurement of the sound level
shall be made using s sound level meter
conforming. at a minimum, to the  ~
requirements of ANS] S1.4-1971. Type 2.
and sel o an A-weighled slow response.
While the locomotive is on leve! tangent
track, the microphone shall be
positioned 4 leet above the ground at the
center line of the track. and shall be
oriented with respect to the sound
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scurce in accordance with the
manufacturer's recommendations.

{c} A 4dB{A)} measuremen! tolerance
is allowable for a given measurement.

§229.131 Sanders.

Except for MU locomotives. each
locomotive shall be equipped with
operable sanders that deposit sand on
each rail in front of the first power.
operated wheel set in the direction of
mcyement. .

Subpart D—Design Requirements

§229.141 Body structure, MU
locomotives.

{a) MU locomotives built new after
April 1, 1856 that are operated in trains
having a total empty weight of 800.000
pounds or more shall have 2 body
structure designed 1o meet or exceed the
following minimum specifications: -

(1) The body structure shall resist a
minimum static end load of 806.000
pounds at the rear dralt stops ahead of
the boister on the center line of draft.
without developing any permanent
deformation in any member of the body
siruclure,

{2} An anti-climbing arrangement shall
be applied a! each end that is designed
so that coupled MU locomotives under
full compression shall mate in a manner
that will resist one locomotive from
climbing the other. This arrangement
shall resist a vertical load of 100.000
pounds without exceeding the yield
point of its various parts or its
ettachments to the body structure.

(3) The coupler carrier and its
connections {o the body structure shall
be designed to resist a vertical
downward thrust from the coupler
shank of 100.000 pounds for any
horizontal position of the coupler.
without gxceeding the yield points of the
materials used. When yielding type of
coupler carrier is used. an auxiliary
arrangement shall be provided that
complies with these requiremenis

(4} The outside end of each .
locomotive shall be provided with two
main vertical members. one at each side
of the diaphragm opening: each main
member shall have an ultimate shear
value of not less than 300.000 pounds at
8 point even with the top of the
underirame member to which it is
attached. The attachment of these
members at bottom shall be sufficient ta
develop their full shear value. If
reinforcement is used 1o provide the
shear value. the reinforcement shall
have full value for a distance of 18
inches up from the underframe
connection and then taper to a point
approximately 30 inches above the
underframe connection.






APPENDIX D

Recommended Reading Materiol an
Noise Measurement, Assessment, and Control

The following books are recommended for further reading in the field of noise measurement, assessment,
ond control:

N
2.
3
4,

5.
é.

Naoise and Vibration Control, L.L. Berarek, McGraw-Hill Book Cempany, 1971.

Environmental Noise Contre!, E.B. Mograb, Wiley & Sons, 1975.

Noise and Neise Control, Volume 1, M.J, Crocker ond A.J. Price, CRC Press, 1975,

Noise Control — Hondbook of Principles and Practices, D.M. Lipscomb and A.C. Taylor, Van Nostrand,
1978, .

,

Handbook of Noise Assessment, D.N, May, Van Nestrand, 1978,

Handbook of Noise Control, C.M. Harris, McGraw-Hill Book Company, 1979.

The following journcls and mogazines are recommended for current information on noise measurement,
assessment, and control:

2

3.

Journal of the Acousticel Society of Americo, American Institute of Physics, 335 Eost 45th Street, New
TDrk, NY 10017,

Journg] of Sound ond Vibration, Academic Press, Inc., 111 Fifth Avenye, New York, NY [0003.

Noise Contro! Engineering, Moise/News, ond Proceedings of InterNoise, Instityte of Noise Controi
Engineering, ¥.0. Box 3206, Arlington Branch, Poughkeepsie, New York 12603,

» Sound ond Vibration and Proceedings of NOISEXPQ, Acousticol Publicetions, Inc., P.0. Box 9665, 27101

E. Oviatt Road, Bay Village, Chio 44140,

Noise Regulation Reporter, Bureau of National Affairs, Inc., 1231 25th Street, N.W., Washingten, D.C.

. Noise Control Report, Business Publishers, Inc,, P.O. Box 1067, Bleir Station, Silver Spring, Maryland

20910,

The following reports contain detailed information on the noise emissions from specific railrood noise
sources, as well as procedures for estimating noise levels around rajirood yards:

l

"Assessment of Noise Environments Around Railroed Operations,” JW. Swing ond D.B. Pies, Wyle
Laboratories Report WCR 73-5, July 1973,

"Roilroad Environmental Noise: A State-of-the-Art Assessment," E.K. Bender et o!., BBN Report No.
2709, Jonuary 1974.

"Measurements of Railrood Noise-Line QOperations, Yerd Boundaries, ond Re?urders, J.M, Fath et ol,,
Notional Bureau of Standards Report NBSIR 74.488, Decernber {974,

“"An Assessment of Railroad Locomotive Nmse," P.J. Remington and M.J. Rudd, DOT-TSC-05T-76-
4/FRA-OR&D-76- 142, August 1976,

"Railroad ond Rail Tronsit Noise Sources,” R. Lotz, Journal of Sound & Vibrotion, Vol. 51, Neo. 3, April
1977.

"Final Report on Measurement ond Analysis of Freight Train Noise," C.W. Rodmon, M. Kurze, ond
R.H. Prause, Battelle Columbus Laboratories, July |1978.

. "Prediction and Control of Noise and Vibration in Rail Transit Systems," L.G. Kurzweil and R, Lotz,

UMTA Report No. UMTA-MA-06-0025-78-8, September 1978.

"Megsurement ond Diagnosis of the Noise From a General Electric C34-7 Diesel Electric Locomotive,”
P.J. Remington et al., BBN Report No. 4167, August 1979.
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9. "Rail Transportation Noise," R, Lotz and L.G. Kurzweil, Ch. 33 in Hondbook of Noise Control, edited by
C.M. Harris, McGraw-Hill, 1979.

10, "The Measurement of Locomotive MNoise at Existing Railroad Test Sites,” P.J. Remington et al.,
FRA/CRD-7%/55, November 1979,

The following U.S. Environmental Protection Agency reports were prepared as part of the development of
some of the regulations discussed in the Handbook.

¢ "Bockground Document/Environmental Explanation for Proposed Interstate Rail Carrier Noise Emission
Regulations,” EPA-550/9-74-005q, June 1974,

. "Bc;ckground Document for Railroad Noise Emission Standards,” EPA-550/9-76-005, December 975,

¢ '"Bockground Document for Propesed Revision to Rail Carrier Noise Emission Regulations,” EPA-550/
9-78-207, February 1979,

a  "Bockground Document for Final Interstate Rail Cearrier Noise Emission Regulation: Source Standards,”
EPA-550/9-79-210, December 1979.
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