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PREFACE

On December 31, 1975, the Environmental Protection Agency issued a regulation
governing noise emissions from interstate rail carriers. That regulation was issued under
Section 17 of the Noise Control Act of 1972,

This document presents and discusses the background data used by the Agency in
setting the standards contained in the regulation. Presented here is a comprehensive

exposition on the most up-to-date available information on the environmental,
technological, and economic aspects of railroad noise.
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Section 1

PROLOGUE

STATUTORY BASIS FOR ACTION

In Section 2 of tile Noise Control Act, Congress expressed its judgment "that wbile primary
responsibility for control of nolse rests with state and local governments, Federal action is esseu-
tial to deal with major noise sources in commerce, control of whicb require national unilbrmity
of treatment," Congress also declared witbin Section 2 of the Act "tbat it is the policy of the
United States to promote an environment for all Americans free from noise that jeopardizes
their health or welfare."

As a part of this essential Federal action, Section 17 requires the Administrator to publish
proposed noise emission regulations tbat "sbaU include noise emission standards, setting such limits

on noise emission resulting from operation of the equipment and facilities of surface carriers
engaged in interstate cor0meree by railroad wlfich reflect the degree of noise reduction achievable
through tile application of the best available technology, taking into account tile cost of compliance."
After the effective date of such a regulation, no state or political subdivision thereof may adopt or
enforce any standard applicable to noise emissions resulting from tbe operation of tile same equip-

ment or facility of such carrier unless such standard is identical to a standard applicable to noise
emissions resulting from such operations as prescribed by these regulations. The Administrator,
after consultation with the Secretary of Transportation may, however, determine that the state or
local standard, control, license, regulation, or restriction is necessitated by special local conditions
and is not in conflict with regulations promulgated under Section 17. PrOcedures for state and
local governments to apply for an exemption under Section 17(c) (2) of the Act will be published
by this Agency shortly after promulgation of this regulation.

These sections of tile Noise Control Act reflect the desire of Congress to protect botb the
environment and commerce through the establishment of uniform national noise emission regula-

tions for the operation of interstate railroad equipment and facilities. Such equipment and facilities
require national uniformity of treatment to facilitate interstate commerce because certain types of
interstate railroad equipment and facilities operations would be unduly burdened by conflicting
state and local noise controls. Preemption under Section 17 occurs only for state or local noise

regulations on equipment and facilities on which Federal regulations are in effect. When national
uniformity of treatment is not needed, Confess recognized the primary responsibility of stale and
local governments to protect the environment from noise, State and local regulations on noise

emissions resulting from the operation of equipment and facilities of surface carriers engaged in
interstate commerce by railroad that are not preempted by applicable Federal regulations under

Section 17 are subject to the Commerce Clause of the U,S, Constitution. Under that Clause, any
state or local regulations that constitute an undue burden on interstate commerce cannot stand.
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The Act directs that Federalregulationson interstate railroadequipment and facilitiesunder
Section 17are to include noise emissionstandaMs setting thnlta on noise emissions resulting fronl
theiroperation that reflect the degree of noise reduction achievable through the applicationof the
best available technology, taking into account the cost of compliance, Based upon tile strict
languageof the NoiseControl Act, its legislativehistory, and other relevant data, these require-
raents are further clarified:

• "Best availabletechnology"is tliat noiseabatement technology available for application to
to equipment and facilitiesof surface carriersengaged in interstate commerce by railroad
that produces meaningfulreduction in the noise producad by such equipment and facili-
ties, "Available technology" is further defined to include:

• Technology that has been demonstrated and is currently known to be feasible.

• Technology for which there will be a production capacity to produce the estimated
number of parts required in reasonable time to allow for distribution and installation
prior to tile effective date of tile regulation.

• Technology |hat is compatible with all safety regulationsand takes into account
operational considerations includingmaintenance and uther pollution control
equipment,

e "Cost of compliance" is the e0st of identifyingwhat action must be taken to meet the
specified noise emission level, the costof taking that action, and any additional cost of
operation and maintenance caused by that action,

In preparingthe final regulation tlie Administrator has given full consideration to cost of eam-
plianceand available technology and has consultedwith the Secretary of Tcansportation to assure
appropriateconsiderationfor safety and for availabilityof technology.

• Further, recognizing that the NoiseControl Act wasenacted to protect the publin fromadverse
health and welfare effects due to noise, EPA hasalsoconsideredthe impact of railroadnoise taking
into accaunt the levelsof environmental noise requisiteto protect the public health and welfarewith
an adexluatemarginof safety, as published by !ePA in March1974 in accordance with Section 5(a)
(2) of the Act.

Accordingly,EPA has developed and isnow implementingan interstate rail carrier noise control
strategybasedon Section 17of the Act that should proveto be effective in reducingenvironmental
nol_ fromrailroadsin manynreas to the levelsidentified as protective of public health and welfare.
The strategy calls for the reduotinn of the noise fromrat/roadlocomotives and rail carsto the lowest
nots0 levelsconsistent with the nois_ abatement technologyavailable, taking into account the cost
of compliance,

Complianceregulationsare to be developed and promulgated under separate role makingby
the Departmentof Transportation,as coiledfor in Section 17(b) of the Act.

The legal basissupporting promulgationof the regulation wasset forth in substantial detail in
the notice of proposed rule making published in the FederalRegister on July 3, 1974 (39 FR 24580).
In the samepublication, notice wasgiven of the availabilityof the "Background Docoment and
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Environmental Explanation for the Proposed interstate Rail Carrier Noise Emission Regulations,"
which provided tile factual basis for the standards proposed, applicable measurement methodology,
costs of compliance with the proposed standards, and the public heaRh and welfare benefits

expected, Public comment was solicited, with file comment period extending from .Ialy 3, 1974,
to August [7, 1974.

To ensure that all issues involved ill the proposed regulation and Background Document were
fully addressed prior to promulgation of tile final regulation, a special consultation meeting was
announced in the Federal Register of August 6, 1974 (39 FR28316) and was consequently held
on August 14, 1974, in Des Plainas, illinois. The principal issues reviewed at this meeting related

to the adequacy of the available technology to meet requirements in the proposed standards and
the impact of Federal preemption on state and local noise regulations. The transcript of the meet-
ing has been included as a portion of tile total body of public comment received.

Public comments received during the public comment period are maintained at the EPA Head-

quarters) 401 M Street, S.W., Washington, D,C, 20460 and are available for public inspection daring
normal working hours,

In the fiRure, the Agency may propos_ further regulations concerning railroad nois_, as the
need for the feasibility of such regulations are demonstrated. Such regulations may be proposed
as amendments to that p,'_'tof the Code of Federal Regulations established by the regulatory action

currently taken by the agency under Section 17 or may be proposed pursuant to EPA authority to
set noise emission standards for new products specified in Section 6 of the Act.

INTERNAL EPA PROCEDURE

The rulemaking process of EPA began with the publication of an Advanced Notice of Proposed
Rulemaking in the Federal Register. At that time, EPA informed the public of the requirement that
regulations be developed and requested that pertinent information be submitted to the Agency for

consideration. A task force composed of Federal, state, and local government officials, and cOnsul-
tants was then formed to develop recommendations for these regulations, The Office of Noise

Abatement and Control considered these recommendations together with the recommendations
of the EPA Working Group, composed of representatives from various offices of the Agency, in
formulating the proposed regulations. After the Deputy Assistant Administrator for Noise Control

Programs approved the proposed regulations, they were submitted to the Assistant Administrator
for Air and Waste Management Programs, who has responsibility for the Noise Control Program as

well as several other progmll_s. Following the Assistant Administrator's approval, the proposed
regulations were submitted to the EPA Steering Committee, which is composed of the Deputy
Assistant Administrators of i_PA.

Upon the Steering Committee's approval, the proposed regulations were forwarded to the
Office of Management and Budget, and other interested Federal agencies, for review. After those
comments were analyzed and satisfactorily addressed, the proposed regulations were submitt_
through the Assistant Administrator fo'cAir and Waste Management Programs to the EPA Admini-
strotor for f'mal approval and ultimate publication in the Federal Register. The resulting public
comments were analyzed, and a recommendation for the final regulation was prepared by the
Deputy Assistant Administrator for Noise Control Programs. The final regulations were then
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submitted to tile Assistant Administrator for Air and Waste Managament Programs and the review

process followed hi the rose of tile proposed regulations was initiated again. This process culminated
in the promulgation of tile regulation,

PREEMPTION

Though the Noise Control Act speaks of preemption in unequivocal terms, the various sources

of railroad noise are subject to such complex interrelationships that it is impossible to identify all
regulations a priori as either preempted or not preempted. It is necessary to examine the regula-
tion in question, tile sources it purports to control, the activities to whicb it relates, and the reason-
ableness of the various alternative means of complying. As to those regulations subject to preemp-

tion, the preemptive effect may be waived under Section 17(c) (2) if the Administrator determines
that the regulation is necessitated by special local conditions and is not in conflict with EPA regu-

lations, It is anticipated that all such determinations as to not only special local conditions but
also the preempt status of state and local regulations impacting railroads would be handled by EPA.
The Agency is currently preparing guidelines that will specify procedures to be followed by state
and local governments when questions of tile preemptive effect of Federal rail carrier noise regula-
tions are at issue,

In view of the many comments received in response to the propossd regulation, the following
discussion of preemption is intended to clarify the Agency interpretation of the preemptive effect
of the regulation.

State and local governments can deal with railroad noise problems in several different ways.

The first, the method adopted by EPA in tile regulation, is to set emission standards on railroad
• equipment to reduce tile noise produced at the source. Second, they can set noise emission stan-

dards on facilities where rail operations occur. A variation of this approach is tile use of property
line standards, for whicl_ measurements are taken at the railroad property boundaries. Tldrd, they

may impose affirmative requirements on raili'oad equipment or facilities ("design" or "equipment"
standards), such as the installation of mufflers on locomotives, the elimination of wheel flats on
rail cars, or the construction of noise barriers along rights of way. A fourth possibility is to regu-

late, license, control or restrict tile use, operation or movement of any equipment or facility, for
example prohibiting idling of locomotives on sidings within communities or prohibiting railroad
yard operations between the hours of 10:00 p.m. and 6:00 a.m, Fifth, a state or community may
set receiving land-use standards for property impacted by railroad noise, for example requiring that
noise levels at the property line of residential property not exceed 55 dBA Ldn. Each of these
methods presents special problems that affect the deterrrlination of the preemptive relationship of

the EPA railroad noise regulation.

Noise Emi_on Standards on Railroad Equipment

The Noise Control Act provides that after the effective date of the standards promulgated
for locomotives and rail cars, no state or local subdivision may adopt or enforce any noise emission
standard on locomotives or rail ears unless it is identical to the Federal standard, They may adopt
and enforce noise emission standards on other pieces of equipment not covered by EPA regulations,
such as retarders and railroad construction equipment. They may also adopt standards for locomo-
lives and rail cars if suci_ standards are identical to tile EPA standards.
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Determining the preemptive effect of a noise amiss[on standard is, however, complicated by
the fact that a standard for total noise ealissions from the operation of a piece of equipment may

not differentiate between the elements contributing to the noise. When tlds is the case, tile Adallni-
strator believes tbat when any given element of noise is either (1) generated by a source that is an

integral part of tile federally regulated equipment or (2) is a component of the total noise generated
by the federally regulated equipment, the regulation of that element by state and local governments
is subject to preemption. Specifically, these elements inchlde tbe noise from refrigerator units on
refrigerator cars, auxiliary power units oll locomotives, and noise caused by the condition of track.
Tile noise caused by retarders, however, is a separate source of noise that will not be present during
compliance measurement for the rail car standard and, as such, is not subject to preemption,

Noise Emission Standards on Railroad Facilities

State and local governments may enact noise emission standards for facilities that EPA has

not regulated, However, in file judgment of EPA, the preemptive purpose of Section 17 of the
Noise Control Act requires that such regulations not be permitted to do indirectly what is specifi-
cally preempted. That is, state and local governments may not control tile noise emissions of
locomotives and rail cars by setting noise emission limits on yards where tile noise limit is, in
effect, a limit on locomotive and rail car noise. Noise emission standards may be adopted and
enforced on facilities where rail ears and loemotives do not operate. Where federally regulated

equipment is a noise contributor in a facility on which a state or local government proposes to set
a noise emission standard, such as a marshalling yard, such a regulation may or may not be

preempted.
If compliance could reasonably be achieved by action that did not require modification of or

controlling the ttse of the operation of locomotives and rail cars, then it would be permisssible. If
the only way compliance could reasonably be achieved were to take actions preempted by Federal
regulations, then such a standard is preempted. Questions such as the availability and reasonable-
ness of alternative means of compliance will be dealt with by EPA under proeedures now being

developed to guide states and localities in dealing with railroad noise in light of Federal preemption.

Design or Equipment Standards

The Noise Control Act does not deal explicitly with regulations that require the installation
of noise abatement devlees or the application of specified maintenance or repair procedures. EPA
believes that this is another area in which the preemptive purpose of Section 17 requires that the
effect of state or local regulations on federally regulated equipment or facilities he analyzed. The
intended result of Section 17(O is that, except in eases in which EPA has made a special determina-
tion, state noise regulations on locomotives or rail cars will not require that interstate rail carriers

modify these federaliy regulated pieces of equipment. Accordingly, EPA believes that design or
equipment standards on federally regulated equipment (locomotive and rail cars) are preempted.
Design or equipment standards on other pieces of equipment, such as retarders or cribbing mach-
ines, are not preempted, Similarly, design standards on facilities not federally regulated are not
preempted, even though locmotives and rail cars may operate there, because they do not require
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the modification of locomotives or rail cars. An example of this type of regulationwould be a local
ordinance requiring that noise bafflers be installed along the rightsof way running through that
community,

Use,Operation, or MovementControls

A rednaticn in community noise impact nan be achieved if tile manner, time, or frequency of
use of a noise sourceis controlled. Clearly,such controls may be adopted and enforced withrespect
to equipment that EPAhas not regulated. However,with respect to federallyregulated equipment
(locomotives and rail cars),such controls may not be imposed unless the Administratorhas deter-
mined that such state or local regulation isnecessitated by speciallocal conditions and that it is not
in conflict with EPA regulations. A userestriction on railroadfacilities may he subjeot to such
determinationalso if, in orderto comply, the railroadmust control the use, operation, or movement
of federally regulatedequipment within that facility. The determinations called for willbe made by
EPAin accordancewithproceduresnow being developed.

ReceivingLandUse Standards

Receivinglaud usestandards are to bedistinguishedfrom property line standards on the basis
that property line standardsfocus on the identity of the noise source, such as railroadyards or fights
of way, whereasreceivingland use standards focus on the identity of the property receivingthe
sound, such as schools, hospitals or residentialproperty. Obviously, a cominunity is not preempted
from enacting such standardssimply because it has a railroadwithin its jurisdiction. However,it is
possible that a standard that says, for example, that no school may be exposed to exteriornoise
levelsin excessof 55 dBAmay require modification of locomotivesor rail carsin a community in
which schools areclose to the right ofway era railroad. Whether,or to what extent, such regula-
tions are preempted, willhe determined by EPA in accordance with proceduresbeing developed.
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Section 2

SUMMARY OF WHAT TIlE REGULATION REQUIRES

APPLICATION OF BEST AVAILABLE TECHNOLOGY TAKING INTO ACCOUNT THE COST OF
COMPLIANCE

Section 17 of the Noise Control Act requires that the regulation... "reflect the degree of noise

reduction achievable through the application of the best available technology, taking into account the
cost of compliance." For this purpose, best available technology is defined as that noise abatemeni
technology available for application to railroads that produces meaningful reduction in the noise
produced by railroads. Available is further defined to include:

• Technology that has been demonstrated and that is currently known to be feasible.

• Technology for which there will be a production capacity to produce the estimated number

of parts required in reasonable time to allow for distribution and installation prior to the
effective date of the regulation.

• Technology that is compatible with all safety regulations and that takes into account opera-
tional consideration, including maintenance, and other pollution control equipment.

The cost of compliance, as used in the regulation, means the cost of identifying what action must
b_ taken to meet the specified noise emission levels, the cost of taking that action, and any additional
cost of operations and maintenance caused by that action. The cost for future replacement parts was
alsocon_dered.

As discussed in Section 5 of this report, the only source of railroad noise proposed to bc regulated
by the Federal government at the present time is trains. Therefore, the following pages will discuss

. the noise abatement teclmology for trains, in consonance with the statutory requirements and inter-
: pretation just presented.

Train noise is composed of locomotive noise and ear noise. The latter is primarily the result of
wheel/tail interaction and wheel/retarder interaction. The locomotive noise is composed of noise from
the engine exhaust, castng, eoottng fans, and wheel/rail interaction. The technology for treating casing,

fan, and wheel/rail noise Is in the early development and research stages and thus not available for
application at this time. However, the technology for exhaust silencing has been found to be available.
Further, the locomotive noise is dominated by the engine exhaust noise and, therefore, the application
of exhaust muffler technology is the most effective initiai step to rcqaire for locomotive noise abate-
ment. The consequences of establishing a standard that would require modification of engine casing,

.cooling fans, and wheel/rail interaction have not been assessed in detail. It is clear, however, that
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without first reducing exhaust noise, treatment of these components would result in little or no per-
ceptible noise reduction.

LEVELS OF TRAIN NOISE CONTROL

In this discussion, noise levels that can be reasonably attained with appropriate maintenance of
existing equipment and by the application of the best available technology are discussed for locomotives
both at rest and in motion and for railcars in motion.

locomotive Noise-Vehicle at Rest

As discussed in Section 5, locomotive noise is dominated by the exhaust of diesel engines, which
operate at eight possible speed and power output levels. One way to attain environmental noise control

would be to limit the noise at all of these throttle settings; however, this could lead to combersome
enforcement practices. For ease of enforcameot, permissible noise could be specified at the throttle
setting with the most noise-throttle 8. However, this approach may lead muffler manufacturers to
design mufflers that are tuned to the engine speed corresponding to that throttle setting. Such mufflers

•could be effective at the design setting and ineffective at other settings. Obviously, this would defeat
the purpose of a locomotive regulation.

A compromise solution is to control Ioeomofive noise at two conditions: idle and full power.

Idle and full power apply to frequently used throttle settings. Specifying two throttle settings will
probably preclude the design of.specially tuned mufflers. Rather, it is anticipated that mufflers that
will be uniformly effective at all throttle settin_ will result.

Although it is unrealistic to assume that mufflers can be designed, fabricated, and installed on all
new locomotives as soon as a regulation is promulgated, it is not unreasonable to hold noise at the
level of existing, well-maintained equipment. Data, for locomotives at throttle setting 8 indicate that
almost no locomotives exceed 93 dBA at 100 ft. Likewise, data indicated that locomotives at idle
can be expected not to emit more than 73 dBA at 100 ft. Accordingly, the following levels have been
identified as indicative of present noise emissions:

• Idle 73
• Overall Maximum 93

Section 5 indicates that mufflers capable of reducingexhaust noise by 10 dBA are feasible,
Depending'upon the relative contribution of the exhaust noise to the dominant sources of locomotive

noiae, this reduction may produce a 4 to 8 dBA reduction in the total noise (see Table 5-5), It is
believed that the noisier locomotives have a higher exhaust noise component and, therefore, may
achieve greater overall reduction in total noise by reducing exhaust noise. Based on the considerations

of avallable empirical data, at throttle settings other than idle, an overall noise reduction of 6 dBA for
the noisier locomotives seems reasonable. However, the EPA received further data in response to the
docket, which indicated that a number of locomotives would be incapable of compliance with the

proposed 67-dBA idle standard through the application of muffler technology alone, due to the pres-
ence of exce_vely high levels of structurally radiated noise at idle. As the result of an analysis of all
pertinent data dealing with the noise levels and the availability of technology for compliance, the
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permissible long term idle noise level has been raised 3 dBA. Accordingly, tile application of an exhaust
muffler nan be expected to permit all locomotives to achieve the following levels:

t Idle 70dBA
• Overall Maximum 87 dBA

The exhaust noise is primarily a function of the diesel engine horsepower and tile method of
engine aspiration. Rootes-blown engines would have higher exhaust noise than an equal size turbo-
charged engine, Also, a larger engine has higher exhaust noise than a smaller engiue if the aspiration is
the same,

However, the larger engines are generally turbocharged, wltile the small engines are Rootes-hlown.
This leads to a partial cancellation of the effect of power and aspiration on the exhaast'noise, It may

be feasible in the future to establish separate standards for different types of locomotives, depending
upon power or method of aspiration• This is not possible with the present data, however.

Section 5 also shows ti_,at muffler manufacturers could supply the needed Imrdware within the
4 years allotted for design, development, and testing•

Locomotive No_-Vehicle in Motion

In addition to the stationary locomotive standard a passhy standard that relates directly to the
manner in which locomotives operate in the environment is also desirable. Such e standard also could
be a useful tool for adoption and enforcement by local and state governments.

Based on available train passby data (see Figure 5-3) 96 dBA measured at 100 feet is achievable
and represents the best maintenance practice level for current locomotive noise emissions. As just
discussed, a reduction in overall locomotive noise of 6 dBA for the noisier locomotive through proper
muffler application is considered reasonable• Therefore, using the same projected design, development,
and testing times mentioned above, a 90 dBA noise emission level measured at 100 feet for all newly

manufactured locomotives during a passby test would be required in 4 years.

Rail Car Noise-Vehicles in Motion on Line

Figure 5-8 shows that at a given speed, rail car noise ranges ± 5 dBA above or below a mean value.
At 45 mph, the mean is approximately 83 dBA. At 60 mph, the mean is approximately 88 dBA. As
such, the following Best-Maintenance-Practice-Standard measured at a 100-ft distance for rail cars in

motion is considered appropriate:

Rail Car Speed (v) Noise Level
raps dBA

V_45 88
V>45 93

Rail Car Nalne-Vehicles in Motion in Yards

As discussed in Section 5, airail car passage through a retarder causes the emission of noise levels
as high as 120 dBA. Further discussed, are five possible methods of retarder noise control that might
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conceivably be employed individually or iu concert. With such information, it might be argued that a
status quo level of 120 dBA may be appropriate at this time and could be sabseqoently reduced to
approximately 80 dBA as the technology of ret;irder noise control advances over file next few years.
At this time, however, it is the Agency position that retarder noise is an element of fixed facility rail-
road yard noise that. as such, can best be controlled by measures that do not in themselves affect
the movement of trains and therefore do not require national uniformity of treatment. Such noise
control measures might include, for example, tile erection of noise barriers,

The Agency study of railroad yard noise indicates that concern for noise from railroad yards is
more local than national, This is due in large part to the location of the nmnber of yards in nm|-urban
areas and the relatively small nnmber of hump yards (130). Accordingly, tb¢ establishment eta
uniform national standard could potentially incur significant costs to the railroads with only limited

environmental impact resulting in terms of the population relieved from,undesirable noise levels,

REVISION OF THE PROPOSED REGULATION PRIOR TO PROMULGATION

The Interstate Rail Carrier Noise Emission Regulations, wbich are now being promulgated,

incorporate several changes from the proposed regulation published on July 3, 1974. These changes are
based upon the public comments received and upon the continuing study of roll carrier noise by the

Aganey. In all but four instances, such changes were not substantial; they are only intended to further
clarify the intent of the regulations.

The first substantive change is that the restricted coverage of the long term locomotive standard

for both stationary and moving conditions will now apply only to those locomotives newly manufactured,
effective 4 years after the promulgation of the final regulation. Accordingly, the retrofit provision as

originally proposed has been deleted from the final regulation.
A number of factors influenced the EPA decision to delete the retrofit requirement, Several

docket entries contained economic and technological data that conflict significantly with the EPA data.
that appears in the Background Document. The principal areas of conflict involve disparities in deter-

mination of the best available technology as it exists today and the resultant costs of its application.
There is a further complicating factor in that the available space configurations existant within many
locomotives have been altered over the years dne to the addition and modification of various Income.
tire components such as dynamic braking systems and spark arrestors, As a result of this practice.
there are numerous and diverse locomotive configurations, each possessing its own specific peculiari-

ties that must be accounted for in a retrofit program. The implications of this diversity of locomotive
configurations and the accompanying disagreement concerning available technology and the cost of its
application (i.e,, labor rates, capital costs of new facilities, etc.) have given rise to east of compliance
figures ranging from the original EPA estimates of $80 to $100 million to industry estimates approxlmat-
ing $400 to $800 million.

Although the generation of additional information concerning the availability of technology may
allow the Agency to reconcile these widely varying retrofit cost estimates, the collection of such data
would be a costly and time consuming process that may produce a retrofit cost estimate remaining
substantially high relative to tile public health and welfare benefits that would result. For these
reasons, the Agency has decided to remove the r_trofit requirement from the regulation being promul-
gated herein. Acknowledging the uncertainties that currently accompany the retrofit provision, the
Agency may continue to cnn_ider the retrofit issue and may promulgate a retrofit requirement if
further information indicates that the technology is available and that retrofit compliance costs arc

- , reasonable relative to the health and welfare benefits to be accrued.
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"Ere second substantive change to tire regulation involves modifying the proposed locomotive idle
standard by increasing allowable noise emissions from the proposed 67 dBA to 70 dBA at 100 ft. This
change was made to accommodate new data that demonstrated that certain locomotive models appear
to be incapable of compliance with a 67-dBA standard through file application of muffler technology
alone) due to the dominant influence of structurally radiated noise during idle operation,

"Ere third substantive change to the regulation is tbat tire effective dates of the initial standards
have been changed from 270 days to 365 days from tire date of proinulgation in response to requests
by the DOT.

Tire final substantive change to tile regulation is the incorporafion of additional measurement
criteria into the standards as a separate Subpart C of the regulation. The noise emission standards
specified in the Agency regulations must be fully and definitively specified so that there is no question
as to the EPA standard being promulgated. Accordingly, measurement criteria containing those con-
ditions and parameters necessary for tile consistent and accurate measurement of the sound levels
specified have been included in the final regulation. .

Those changes made to clarify the intent of the regulations and tile reasons therefore, are:

• Section 201,1 Definitions

The definition of "sound level" was changed slightly to be consistent with the definition of

that term as used in the document) Information on Levels of Environmental Noise Requisite
to Pro tect Public tlealth and _Velfarewith an Adequate Afargin of Safety," issued by the
Environmental Pl:oteetion Agency in March 1974.

"Fast meter response" has been expanded for clarity.

"Interstate commerce" has been modified to ensure that any questions as to its scope would
be resolved by reference to Section 203(a) of the Interstate Commerce Act. consistent with
the reference to that Act in Section l?(b) of the Noise Control Act.

"Person" has been deleted since the word is no longer used in subpart B of the regulation.

"Sound pressure level" has been deleted since the words are no longer used in subpart B of
the regulation.

"Special track work" has been added in order to clarify the meaning of the term as used
in the find regulation.

"Locomotive" has been expanded to include self-propelled rail passenger vehicles.

"Special Purpose Equipment" has been added to clarify the meaning of the term as used in
the final regulation.

"Retarder" has been deleted since the word is no longer used in subpart B of the regulation,

"Self load" has been deleted since the term is no longer used in subpart B of the regulation.

"Idle" has been expanded to clarify the meaning of the term as used in the regulation.

"dBA" has been modified slightly to specify the reference pressure of 20 micropascals.

• Section 201.10 Applicability

This section has been modified slightly to exclude the appiicatton of Section 201.1 l(a)
• and (b) to gas turbine powered locomotives and any locomotive ,type which cannot be con-

neeted by any standard method to a load Cell, and to more clearly specify the exclusion of
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intra-urban mass transit systems in terms consistent,wlth tile definition of"carrier" cited
in tile Act. Ill addition, the wording in tile section has been modified to more clearly in-
clude the application of the standards to refrigeration and airconditloning traits ml loco-
motives and rail cars, Finally, the express exchlsioa of the applicability of tire stantlards to
railroad yards, shops, rights-of-way, or any other railroad eqttipment or facility not
specified in the regulation has been deleted as unnecessary,

• Section 201,11 and 201,12 Standards lbr Locomotive Operation

Under Stationary and Moving Conditions, Respectively,

In addition to the applJcability and effective date changes previously described, the reference
to measurement site surface has been deleted and replaced by language referencing the
measurement criteria in Subpart C of tile regulation. Also rire phrase "or the equivalent
thereof" in reference to a load bell has been deleted.

• Section 201.12 Standard for Rail Car Operations

Track curvature requirements for measurement sites identical to those specified in Section
201.12 for locomotives were incorporated into this section in addition to identical language
referencing the measurement criteria of Subpart C as used in Section 201,12 and 201. I 1
for locomotive test sites. Also, the language in the section was modified slightly so as to
to restrict compliance measurements to track free of special track work or bridges or trestles.
The change in the effective date previously described also applies to this section.

NOISE EMISSION STANDARDS INTERSTATE RAIL CARRIER NOISE REGULATION

• Rail Cars

Best Maintenance Practice Standards; Effective, 365 Days:

@ Speeds: _45 mph: 88 dBA

@ Speeds: > 45 mph: 93 dBA
• Locomotives

a. Best Maintenance Practice Standards; Effective, 365 Days:

(I) Stationary:

(a) Idle: 73 dBA
(b) Other Throttle: 93 dRA

(2) Moving: 96 dBA

b. Fouryear Newly Manufactured Standards:

(1) Stationary:

(a) Idle: 70 dBA
(hi Other Throttle: 87 dBA

(2) Moving: 90 dBA

2-6



Section 3

DATA BASE FOR THE REGULATION

The program for compiling data on train noise began with a search for existing data. By com-
piling file existing data, it was possible to avoid repeating the few measurements completed by
others, and the limitations of the existing data indicated what measurements needed to be made to
extend the data. Technical journals were searched for reports of pertinent measurements. Published
accounts of measurements in Europe and Asia were considered along with the accounts of measure-
ments in tile United States and Canada.

Much of the needed data was obtained by the EPA Regionai Offices and under contract by

acoustical consultants, Some unpub shed accounts of measurements and proceedings of app_'opfi-
ate seminars were obtained through informal communication with members of the acoustics com-

munity. Leaders in the engineering departments of the two remaining locomotive manufacturers
Electro..Motive Division of General Motors (EMD) and General Electric Corp, (GE) were also inter-
viewed to ascertain the extent of their data files, as well as fo determine what problems may be

created by attempts t o control locomotive noise. At a meeting hosted by the Association of Ameri-
can Railroads, EMD, and GE engineers reported measurements of locomotive noise and discussed
some possible effects of locomotive noise controls. Three leading muffler manufacturers (Donald-
son, Earco Engineering, and Universal Silencer) were contacted to evaluate the I_asibility and the
impact of fitting locomotives with exhaust mufflers,

Railroad company personnel who worked in various capacities at various levels were contacted
to determine the mix of equipment used by railroads, the configurations of properties and equipment,
the scheduling of operations, and the modes of operation, In particblar, yard masters, yard superin.
tendeuts, or engineering personnel were contacted to obtain information about yard configuration,
layout, and equipment. Railroad personnel were asked for information related to schedules and
speeds of trains. The railroad companies that participated are listed in the references for this report.

To resolve questions raised in tile docket comment to the Notice of Proposed Rule Making, the
Agency engaged in further study of railroad noise, focusing on the further definition of available
technology and attendant costs that would be incurred during the implementation of a locomotive
retrofit program. In addition to information received from the docket comments and from additional

contractor effort, the Agency was the recipient of a gratis study conducted by.the General Motors
Corporation Electromotive Division that attempted to identify the costs involved in the retrofit of

the major EMD locomotive models currently in operation. The results of this stucJy have been in-
cluded as Appendices E and F to this document.

The sources of all information and data cited in this document are listed in the Retbrence

Section at the end of tltis report.
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Section4

THERAILROADINDUSTRY

ECONOMICSTATUS

Thereare currently 72 ClassI railroads in the U.S,* These tend to break down into two groups:
large transportationcompanies suchas the Union Pacificor the Penn Centraland railroads owned
by largeindustrial firmssuch as U.S. Steel. The latter roadsprimarilyprovide transportations_rvicus
to the parent company. Since railroads are regulatedby the Intcratat¢ CommerceCommission
(ICe), tha degreeof competition isalso regulated. The sizeof the firmshas in many cases been de-
termined by whether the ICChas allowed or disapprovedmergers. Most large roads have grown
throughmergers. In addition, the favorablefinancialpositions of some roads have resultedfrom their
non-transportationactivities.

"the total tonnage of freight moved in the U.S. hasbeen risingover time, but the transportation
sectorof the economy has declined in relativehnportance. In 1950, 5.6 percent of national income
originatedin the transportation sector. By 1968, fids figuredeclined to 3.8 percent and has remained
at about that level. This trend reflects the higherrelativegrowth rates in those industries that re-
quire a smaller transportation input.

The rail industry has declined more rapidly than the transportation sector as a whole• In 1950,
the railsector constituted 53 percent of the national income originatingin the transportation sector.
By 1968 it had declined to 25.8 percent of the.transportation sector and has remained relatively
stablesince then. Table 4-1 summarizes these statistics.**

Accompanying the decline in the railsector's shamin national income originating in the trans-
portation sector, the proportion of total freight hauled by rail has declined. In 1940, the railroads
hauled 63.2 percent of all freight, dropping to 44.7 percent by 1960 and to 39.9 percent by. 1970.
Motorcarriersand oil pipelines have rapidly increasedtheir shareduring this period. Air freighthas
increased more rapidly than either motor carriersor pipelines, but it accounts for only 0.18 percent
of total freight. In spite of the decreasing propoitlon of shipments by rail, railroadsstill produce
mornton-miles of freight transportation than any othersingle mode, the total volume of freight
hauled by rafi having increased from411.8 billion ton-miles in 1940 to 594.9 in 1960, to 768.0 in
1970, and in an estimated 855 in 1974. Table 4-2 summarizes these trends.

*ClassI railroadsare those having annual revenuesof $5 million or more. They account for 99 per-
cent of the national freight traffic.

e'Unlcss otherwise stated, the data presented in Tables4-1 through 4-6 were obtained from the
Statistical.Abstractof the United States (1971) and(1972).

4.i



TABLE 4-1

NATIONAL INCOME ORIGINATING IN THE TRANSPORTATION AND RAIL SECTORS
($ In Billions)

Transportation
National as % of Rail as % of

Year Income Transportation National Income Rail Transportation

1950 $241.1 $13.4 5.69'0 $7.1 53._2_

1960 414.5 18,2 4.5 6.7 36.8

1965 564.3 23.2 4.1 7.0 30.2

1968 712.7 27.1 3.8 7.0 25.8

1969 769.5 29.2 3.8 7.4 25.3

1970 795.9 29.5 3.7 7,2 24.4

TABLE 4-2

INTERCITY FREIGHT (In Billions of Ton.Miles)

Total Freight Rail Freight Motor Oil Inland
Volume in in 109 Rail Vehicles Pipelines Air Water

Year 109 Ton-Miles Ton-Miles % % % % %

1940 651.2 411.8 63.2 9.5 9.1 .002 18.1

1956 1376.3 677.0 49.2 18.1 16.7 .04 16.0

1960 1330.0 594.9 44.7 '21.5 17.2 .06 16.6

1965 1651.0 721.1 43.7 21.8 18.6 .12 15.9

1968 1838.7 765.8 41,2 21.6 21.3 .16 15.9

1969 1898.0 780.0 41.1 21.3 21,7 .17 15.8

1970 192L0 768 39.9 21.44 ' 22.4 .18 15.98

Rail passenger service declined from 6.4 pere0nt of interalty travel in 1950 to less than 0.1 per-
cent in 1970. The real impact of railroads on the national economy is in terms of freighrmther
than passengers. The decline of the rail industry share of the transportation sector is less dramatic
when passenger service (air, local, suburban, and/dghway) is eliminated from calculations. Table
4-3 gives the traasportatinn sector percentage contributions to oational income, less the passenger
sectors just mentioned, and the rail industry's percentage of the transportation sector.
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TABLE4-3

PERCENT OF NATIONAL INCOME ORIGINATING IN THE

TRANSPORTATION SECTOR (LESS AIRLINE AND LOCAL
SUBURBAN AND HIGHWAY PASSENGERS) AND THE
RAIL SECTOR AS A PERCENT OF TRANSPORTATION

Railroads

Transportation* (Adjusted) as % of
as % of Transportation

Year National Income (Adjusted)

1950 4.8% 61,7%

1960 3.7 44.1

1965 3.3 37.6

1968 3.0 33.0

1969 3.0 32.3

1970 2.9 Not
Available

*Transportationminusaircarriersandlocalsuburbanandhighwaypassengers,

From comparison of Table 4-1 and 4-3, it can be seen that the freight sector has declined more

rapidly than the total transportation sector. It can also be seen that the railroads' declino is some-
what less dramatic in terms of freight alone than in terms of both freight and pamenger service.

EIt,IPLOYMENT

The railroads' importance as a source of employment within the economy has decreased 'along
" with their share of the nation's transportation output. In 1950, the railroads accounted for 2,7 per-

.: cent of all employees in nonagricultural establishments, By 1970, this had fallen to less than 1.0
percent. Not only has the relative importance of railroads declined, the absolute level of employ-

; ment from 1950 to 1970 decreased by over 50 percent as shown in Table 4-4.
,_, Wages in the roll sector have consistently been above the average of all manufacturing employees,!

and this differential has increased over the years, In 1950, the average hourly compensation in the
_ rail sector was S 1.60 which was 110 percent of the average hourly compensation in manufacturing.
, In 1968 avenge compensation was S3.54, or 118 percent of that in manufacturing. By 1971, rail

compensation had increased to 126 percent of the average compensation in the manufacturing
sector.

I
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TABLE 4.4
EMPLOYMENT IN THE RAIL INDUSTRY

RELATIVE TO THE NATIONAL ECONOMY

National Employees
ill All

Nonagricultural Railroad Railroad
Establishments Employment as %of

Year (1000) (I 0001 National

1950 45,222 1220 2,7%

1960 54,234 780 1,4

1965 60,815 640 1.1

1968 67,915 591 .9

1969 70,274 578 ,8

1970 70,664 566 .8

Increases in wage rates in tile rail sector have heeo greater than the increases in tile wage rates
In the manufacturing sector. Using 1967 as the base (=100), the index of wage rates in manufacturing

in 1970 was 121.6, while the rail industry index was 125.6. Over the same period, the increase in
productivity in the rail industry has been less than productivity increases in manufacturing. In 1970,
the index of output for all railroad employees was 109,9", while in manufacturing it was 111.6 (using
a 1967 base of 100). Table 4-5 summarizes the wage and productivity data.

TABLE 4-5
INDEX OF OUTPUT PER MAN HOUR AND WAGES

0967 -- 100)

Manufacturing Rail Manufacturing
Year Rail Wage Wage Productivity. Productivity

1950 41,5 44,7 42.0 64.4

1960 74.3 76.6 63.6 79.9

1965 88.9 91.2 90,8 98.3

1968 106.3 107.1 104.4 104.7

1969 113.6 113.9 109,3 107.7

1970 125.6 121.6 109,9 116.6

*Computed on the basis of revefule per man-hour.
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The fact that productivity increases have not kept pace with wage rate increases indicates that
unit labor costs are rising.

ill the years since 1970, wages in tile rail industry have, as in most industries, increased rapidly.
The index of wages in 1971 was 136.8;in 1972, 136.8;and in 1973, 165.4 (estimated).

HEALTH AND GROWTH OF TtlE INDUSTRY

Health of the Industry

There are anumber of measures one might use to judge tile health or financial stability of the
rail industry. Two of these are the rate of return on stockholder equity and the percent of revenue
carried through to net operating revenue. Shareholder equity is tile excess of assets over liabilities,
which is equ,'dto the book value of capital stock and snrplus.

In 1971, the rate of return on stockholder equity for all mamnfacturing firms was 10.8 percent.
The rates of returns in some selected industries are as follows:

o. lastmments, photogoeds, ete. 15.8%
• GlassProducts I1.1%

• Distilling 9.9%
• Nonferrous metals 5,2%

The return for the total transportation sector was 3.1 percent, Railroads showed a 2.1 percent.
on stockholder equity, slightly above the airlines' 2.0 percent,

The rate of return on stockholder equity increased from 1.3 percent in 1971 to 3.0 percent in

1972. The use of industry data, however, tends to give a misleading impression of the industry.*
The Eastern District had a negative rate of return for the three years from 1970 to 1972, while

both the Southern and Western Districts had positive and increasing rates of returns, The Southern
District showed an increase from 5.2 percent to 6.1 percent and the West from 3.7 to 5.1 percent.

The rates of returns in these districts are well above the 3.1 percent for total transportation and are i
about equal to the textile and paper industries,

These trends hadIcate that the problem in the rail industry is not with all districts but primarily !
• with roads in the Eastern District, Using operating ratios** as the measure of financial stabUity, one :

draws the sameconclusions,

*Because tile railroads use a nonstandard accounting procedure {the so-culled betterment technique),
the rate ofratum is low relative to what it would be if they used a procedure comparable to those
used in the nonregulated sector,

**Operating ratio equals operation expenses divided by operating revenues,
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Tile historical trends in tile profitability of tile industry can be measured by tlle percent of
gross revanne carried throngb to net operating income before Federal illcome taxes. This measure
is similar to tile rate of relurn on sales before taxes. For the industry as a whole, tile percent of
gross revanue carried thrnugh has bean declining. This is also true of each district, with the Eastern
being the worst, 'Fable 4-6 snnnnarizes these trends.

TABLE 4-6
PERCENT OF GROSS REVENUE CARRIED THROUGH

TO NET OPERATING INCOME BEFORE FEDERAL INCOME TAXES

All Class I Southern Eastern Western
Year P,R's District District District

1950 I7.3% 20.1% 12.0".6 19.8%

1960 8.3 10,7 2.1 10,0

1965 l 1.0 12.1 10.0 11.6

1968 6.9 11.0 3.7 8.4

1969' 6.6 12.1 2.7 8.0

1970 4,2 11,8 Nil 7.7

1971 4.0 10.3 0.5 7,2

The perfonnances of the Southern and Western Districts are much better than the Eastern. In

fact, one could conclude that compared with nonregulated industries snell as steel, the Southern
and Western roads are reasonably good performers. Compared with other regulated industries, such
as public utilities (10.5 percent return on stockholder equity) and telephone and telegraph companies
(9.5 percent return on stockholder equity), the railroad rate of return is low. One point that should
be made is that railroads follow a betterment accounting procedure, which tends to overstate the

value of their assets. We have not attempted to adjust rate of return in tile rail industry to reflect
this.

The historical decline in tile profitability of railroads came as a result of a decrease in the rela-

tive importance of high-weight, low-value cargo, whiall has traditionally been handled by rail. The
increased competition from motor carriers and pipelines has further reduced the relative importance
of railroads. Federal and state funding of highways has improved the competitive position of trucks
and has led to the diversion of high-valued freight to motor carriers.

In 1935, when motor carriers came under Interstate Commerce Commission regulation, the
value-of-service rate structure applied to railroads was also applied to motor carriers. (The value-
of.service rate-making policy was originally applied to railroads to favor agricultural products.
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Under value..of-serviee rotes, low-valued products have a lower rate per ton-mile than do high-value
products.*) This measure reduced intermodal price competition and, in fact, gave an advantage to
trucks in carrying high-v.:dued freigl_t when they could give faster service. Railroads were unable to
lower prices on this type of freight, which could have offset the faster service offered by trucks.

The decline of some manufacturingindustries in the East has led to a more intense financial
crisis among eastern roads. Also, the capital stock of these railroads tends to be older than that of

the other roads. They spend a larger portion of total cost on yard switching than do either Southern
or Western roads, due to shorter hauls and a larger number of interchanges ammrg roads. Since

shippers pay for movement frmn one point to another (i.e., rate per nille), the competitive position
of railroads tends to be diminished if these nonline-baul expenses rise. The greater yard-switching
results in having rail ears sit in switching yards waiting for a train to be made up, thus resulting in
longer time in transit and higher comparative costs.

Growth of the Industry

In projecting growth rates in any industry, it is assmned that historical trends and relationships
will continue to hold in the future to some extent. If these relationships do continue, then rail
freight can be projected based on projection of other figures. For example, rail freight service on
the basis of population or gross national product can be projected. If the population continues to
consume similar commodities, if these commodities move by the same modes of transporation, and
if increases in income are ignored, then projections based on accurate population projections will be
valid.

The number of ton-miles of railroad freight per capita ill tile U.S. has remained stable over reeent
yeats. It was 3.73 in 1965, 3.77 in 1968, and 3.75 in 1970. Given this stability, reasonable short-ran
projections based on population growth may be made. Based on the population projections for tile
U.S., about a 1.0 percent annual increase over the next 5 years is estimated. This would project au

increase from 768 billion ton-miles in 1970 to about 822 billion ton-miles in 1975. This projection
falls somewhat short of the estimated 855 billion [42] ton-miles of freight actually hauled in 1974.

This difference is largely attributable to a gradually increasing efficiency in the operation and utili-
zation of railroad equipments and facilities, as well as periods of increased coal and grain traffic

during the past few years, ltowever, exclusive of any dramatic improvements in railroad technology
or operations, or substantial fluctuations in the types and amounts of commodities available for

transport, the 1.0 percent figure seems to provide a reasonable projection of short run growth.
One other factor that may accelerate the growth of demand for rail transporation services is

that rail movement uses less energy than other fom_s of freight movement. A ton-mile of freight
moved by tail requires 750 BTU, while pipelines require 1850, trucks 2400, and air freight 63,000.
'l'he only mode of freight movement more efficient (in terms of energy) than rail is water, which
RquiresS00 BTU [41].

*These points are examined in an article by R. H. Harbeson in the 1969 Journal ofLaw attd
Economics, pp. 321-338.
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The rail industry contribution to national income has remained relatively constant from 1968

to 1970 at about 1.0 percent. The long-run rate of growth in GNP has bee|| about 3.5 percent.
Again, under the assumption tbat these historical relationships hold, the long-run growth should be
around 3.5 percent.

Energy may come to be an important factor and may cause some short run traffic variations,
but it seems unlikely that rail freight will increase more rapidly than the growth in national income
in the long-run. Tile factor mitigating a more rapid increase is that consumption patterns
have continued to move toward more services nnd fewer manufactured products. This means a
smaller transportation input. In addition, rising interest rates and greater product differentiation

have caused shippers to be increasingly cbncerned with time in transit. The railroads' real advantage
is in rates, not speed. However, the advent of transporting entire truck trailers by rail has aided in
substantially reducing delivery time where this is practiced.
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Seetiou 5

RAILROAD NOISE SOURCES

OVERVIEW OF THE PROBLEM

Noise is generated by railroad operations in two basic locations: in yards and on lines. Ill railroad
yards, trains are broken down and assembled and maintenance is performed. Line oparationsinvolva
the sustained motion of locomotives pulling astriog of cars over tracks.

The hump yard is an efficient system for disengaging cars from incoming trains and assembling

them into appropriate outgoing trains. A locomotive pushes a string of cars up a small hill known asa
hump, allowing each car to roll individually down the other side through a series of switches onto the

appropriate track, where a train is being assembled. As each car rolls down the hump, it is first slowed
by the master retarder.

The slowing, or retarding, is accomplished by metal beams that squeeze tile wheel.of tile rail car.
After the cars leave the master retarder, they coast into a switching area that contains many tracks. As
each car is switched onto a particular track, it is slowed by a group retarder. After a car moves out of a
_oup retarder, it is switched onto one of many (approximately 50) tracks in the classification area,
where the car collides with another oar.

The collision causes the ears to couple, forming a train. In some yards, the first car that moves
into the classification area along a particular track is stopped by an inert retarder, so called because the
retaining beam is spring-loaded and requires no external operation. Inert retarders differ from the master

and group retarders, which are controlled continuously by an operator or automatically by a computer.
All thine of the retarding processes just described produce noise. 'When the beam of a too.star or

group retarder rubs against the wheels, a loud squeal is often generated. The most significant noise
generated by inert retarders occurs when a string of cars is pulled through. If the inert retarders are
abort and exert small forces, they may generate noise that is negligible compared with the noise genera-
tad by the group retarders. Some yards are equipped with inert retarders that can be manually or
automatically released when a string of ears is pulled through them, thereby t_reventing retarder squeal.
Them are no inert retarders in some yards, so an individual brakeman must ride some cars and brake
them manually.

Noise is also produced when cars couple in the classification area of the yard. The impact points,
and thus the origins of the noise, are scattered over the classification yard. The noise is impulsive,
and sometimes it is followed by a thunderlike rumble audible for several seconds after the impact.

Locomotive engines generate noise as the locomotives move around or pass through yards. When
the locomotives are not in use, their engines are often allowed to idle continuously (even overnight),
which also results in significant noise. When the locomotives are in motion, their horns, whistles, and
bells may produce noise for warning purposes.
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Some noise originates in the yard shops,where locomotivesand cars are repairedand maintained.
Power tools and ventilation fans representsuch sources. However,the mostreadily identifiable sources
of shop noise are the locomotives themselveswhen undergoingtesting.

Most yards are equipped with a number of loudspeakersused for conveying verbal instructions and
warning sounds to workersin the yard. Thespeakers arescatteredabout the yard, and a given speaker
issues sound on an unpredictable schedule.

Line, or wayside noise-the noise in communitiesfrompassingtrains-is produced by many high-
noise sources. The locomotive engine and itscomponents, such as exhaust systems and cooling fa_ls,
and the interaction of railroadcarwheels with railsresultsin significant noise.

Wheel/rail noise is caused principally by impact at railjoints, givingrise to the familiar clickety-
clack, and by small-scalewheel and rail roughness, A severeformof wheel roughnessthat generates
high noise levels is caused by fiat spots developedduringhardbraking. Also,wheels squeal on sharp
cur,,es and generate noise by flange-rubbirigon moderate curves. The operation of such auxiliaries as
refrigeration equipment also contributes to theoverall noise level, ltorns or whistles are sounded at
crossingsand are significantly louder than the other waysidenoises. In addition, somecrossings are
equipped with stationary bells that sound before andduring the passageof trains.

The remainder of Section 5 treats each of the noise sourcesmentioned separately and in as much
detail as the state-of-the-art allows. Included in the discussionof each source isa description of abate-
ment techniques.

CONSIDEIL_.TIONOF RAILROADNOISESOURCESFOR FEDERALREGULATIONS

The EPAhas studied the operations of railcarriersengagedin interstate commerce by railand
recognizes that such operations are imbedded in everycornerof the nation at thousands of locations
and along hundreds of thousands of miles of right-of-way. The nature and magnitudeof the noises
produced by the many types of facilitiesand equipment utilized in these operations differ greatly, and
their impa¢_on the environment varieswidely dependingon whether they occur, for example, in a
desert or adjacent to a residential area.

The Agency concludes that the control of certain of these nois_ sources, such as fixed facilities,
or equipment used infrequently or primarily in one location, is best handled by the state and local
authorities, rather than by the Federalgovernment. State and local authorities are believedin this
case to be better able to considerlocal circumstancesin applyingsuch measures as the addition of noise
barriersor sound insulation to particular facilitiesor the positioningof noisy equipment within these

• facilities as far as possible from noise-sansitiveareas. Further, and moreimportantly, the EPA didnot
find duringits analysis, and has not receivedfromrail carriers,any information identifying situations
in which lack of uniform state and local laws regardingthese facilitiesand equipment has imposed any
significant burden on interstate commerce.

The Administratorhas consideredthe followingbroadcategoriesof railroadnoise sources, to
identify those types of equipment and facilitiesrequiringnational uniformity of treatment through
Federalnoise regulations to facilitate interstate commerce.

Office Bulldlnss

Many, If not all, surface carriersengaged in interstate commerce by railroadown and operate
office buildings. These buildingsare technically facilitiesof the carriers. Likeall office buildings they
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may emit noise from their air conditioning and mechanical equipment. But since each building is
permanently located in only one jnrisdietion and is potentially subject mriy to its regulations, it is not
affected in any significant way by tile fact that different jurisdictions may impose different standards
on noise emissions from tile air conditioning and mechanical cqtdpmmlt of other buildings. At this

time, there appears to be no need for national rmiformity of treatment of tbese facilities, and they are
tberefora not covered by this regulation.

Repair and Maintenance Shops

Railroad repair and maintenance shops are similar in many ways to many nonntilroad industrial

facilities, such as machine sbops, foundries, and forges. All such facilities can reduce their noise impact
on the surrounding community by u variety of measures including:

• Reducblg noise emissions at the source
• Providing better sound insulation for their buildings
• Erecting noise barriers
• Buying more land to act as a noise buffer

• Scheduling noise operations at times when their impact will be least severe
• Moving noisy equipment to locations more remote from adjobling property.

Such detailed and highly localized enviromnental considerations are best handled by local

authorities so long as they comply with the applicable restrictions concerning Federal preemption.
Like office buildings, shops are permanently located in only one jurisdiction and thns are not poten-
tially subject to differing or conflicting noise regulations ofotherjurisdictions. At this time, tberetbre,
there appears to be no need for national unilbrmity of treatment of these facilities, and they are not
covered by this regulation.

At times, railroad maintenance shops may contain major noise sources that do require national

uaifor|nity of treatment, such as lqeon|otives. But tile fact that some such individual noise sources
within a sllop may be subject to Federal noise emission regulations is irrelevant to the validity of state

or local noise emission regulations applied to the shop as a whoie.This is so as long as the state or local
regulation of the shop can be reasonably complied with without physically affecting the federally
regulated noise source within the shop (for example, by installing sound insulation in tbe shop building).
This will be discussed further in the section on preemption.

Terminals, Marslmlling Yards, Humping Yards, and Specifically
Railroad Retarders

Like office buildings and shops, railroad terminals and yards are permanent installations normally

subject to the environmental noise regulations of only one jurisdiction. The Agency has determbled
that such fixed facility railroad yard and terminal noise is best controlled at this time at the local level,
employing measures that do not in themselves affect the movement of trains and therefore do not
require national uniformity of treatment.

Local jurisdictions are familiar with the particular complexities of their community/railroad
noise situation, and, as such, are in a position to exhibit greater sensitivity in prescribing practical and
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cost effective solutions to tile local noise problem. Railroad yard facilities vary in size, shape, and
special characteristics, and the noises produced there are diverse,

The EPA recognizes that the communities neighboring these yards and terminals are equally
diverse, valying in land zoning and population density and distribution. As such, Federal regulation
successfidly produelng substantial population health and welfare benefit at one locality may produce
little or no such benefit at another locality. For example, the regulation of a railroad yard facility
enveloped by a residential community would not achieve similar population health and welfare benefit

when equally applied to a similar railroad yard facility existing within a large industrial complex. This
subject is discussed in more detail in Appendices C and D of this document.

Additionally, tile Agency study of railroad yard noise (inclusive of retarder noise) indicates that
concern for noise from railroad yards, and retarders in particular, is apparently limited to certain
localities and is not a national concern. This is due in large part to the location of a number of yards in
non-urban areas and the relatively few existing retarder systems, approximately 120.

This local nature of the retarder noise problem further reduces the desirability era Federally
preemptive regulation. For example, in a situation in which a retarder y,_rd is bordered on one side by
a residential area and on all other sides by an unpopulated wooded area, a barrier could be beneficial

to public health and welfare only if erected on that side of the retarder facing the residential area,
Under such circumstances a community would receive insu fficient health and welfare benefits to justify
the costs incurred by a Federally preemptive regulation that mandates the installation of barrier walls
on both sides of retarder mechanisms.

At the currently estimated materials cost of $70 to $100 per linear foot for barriers, barrier
costs would run from $75,000 to $150,000 per railroad yard and from $9.6 to $19.1 million for the
entire railroad industry. Maintenance and replacement costs, yard down time, and track modification
costs have not been fully identified.

Expenditures should be assured of producing maximum benefits, and this may best be done through
local regulation. Available space for installation of barriers, and safety hazards that might accrue, have
not been identified and are peculiar to the particular characteristics of the individual railroad yards and,
'assuch, may be best accounted for through local regulation.

A Federal regulation for conversion of inert retarders to retractable inert retarders would be

subject to considerations similar to those discussed for the erection of barriers around active retarders.
However, probable yard down time and installation and materials costs would be considerably greater
for conversion to inert retractable retarders than for the erection of barriers. The EPA estimates that

coriversion to retractable inert retarders would cost $7,500 for each retarder, not Including labor, yard
down time, or maintenance costs. Applying a gross estimate of 20,000 such inert retarders nationally,
estimated national conversion costs, exclusive of labor, down time, and operational costs, would be
$150 million.

Although the EPA does not currently propose to regulate retarder noise, it does recommend that
local jurisdictions establish regulations requiring railroads to utilize barrier technology where needed
and where both practical and feasible. Further consideration may be given by the EPA to possibly
providing future regulations requiring that new retarder installations be equipped with retractable inert
retarders, computer control systems, retarder beam lubrication systems, or other available technical
developments resulting in significant noise reduction from retarders as the need for such regulations is
demonstrated relative to the costs involved and the availability of technology.
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For reasons just outlined, the EPA does not presently propose to regulate railroad yard or retarder
noise.

Like railroad maintenance shops, marshalling and humping yards contain some noise sources that

are covered by the proposed regulations. As is discussed in greater detail in the section on preemption,
a state or local noise regulation on a railroad terminal or yard is, iu effect, a regnlation on tile federally
regulated noise sources within the terminal or yard when it can be met ouly by physically altering tile
Federally regulated noise sources, or as otherwise specified in the preemption discussion.

Hems, Whistles, Bells, and Other Warning Devices

These noises are different in nature from most other types of railroad noise since they are created
intentionally to convey information to the hearer instead of as unwanted byproducts of some other
activity. Railroad horns, whistles, bells, etc., are regulated at the Federal and state levels as safety
devices rather titan as noise sources.

Federal safety regulations are confined to the inspection of such devices on locomotives so as to
'ensure that, if present, they are suitably located and in good working order (Safety Appliance Act, 45
USCA; 49 Code of Federal Regulation, 121,234, 236, 428,429). State regulations are oriented

toward specifying the conditions of use of these devices and, for the most part, do not specify any
maximum or minimum allowable noise level for them. A recent survey of the 48 contiguous states
(See Appendix B) has revealed tile following:

• At least 43 states rec_uire that trains must sound warning signals when approaching public
crossings.

• Thirty-five of these states specify some minimum distance from a public crossing at which a
train approaching that crossing may sound a warning signal,

• Three states specify a maximum distance from a public crossing at which a train approaching
that crossing may sound a warning signal.

• Thirtpfive states specify that these warning signals must be sounded until the train reaches
the crossing.

• Three states specify that these warning signals must be sounded until the train completely
clears the crossing.

• Sixteen states provide for exceptions to their regulations for trains operating in incorporated
al_as,

• At least two states provide for exceptions to their regulations for trains approaching public
crossings that are equipped with satisfactory warning devices.

The EPA does recognize that a noise problem exists as to the use and extent of railroad warning
devices and that r¢gnlatory action may be appropriate for controlling them. However, the Agency
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believes that tile reqnisite reguhltion can best be considered and implemented by state and local authori-
ties, who are better able to evaluate tile partieldar local circumstances with respect to tile nature and
EXtent of the noise problem and file requisite safet.v considerations involved. Any comprebeusive

Federal regnlation in this area coold be overly diverse and cumbersome. Tile EPA encourages in this
regard tile interaction between local and state governments and file railroads directly coocerned in

solvitJg the particular local noise problems associated with the use ofsuch warning devices, However,
if local authorities, after baying first sought solutions with the railroads involved, have still not been

able to resolve their problems, riley are encouraged to then direct their concerns to the ErA for
possible further Federal action,"

EPA has determined that the use of such warning devices in and around railroad yards is not out
of place due to the often heavy, intermingling of workers and mobile equipment with locomotives and

rail cars, Such use may, of course, be beyond the extent necessary to ensure safety, not only in railroad
yards but wherever else railroad horns, bells, and whistles are nsed, The tern1 overused, Ilowever, is
relative to the particular circumstances surrounding such use: whether, for example, a railroad yard or
rail-highway intersection is situated in a residential as opposed to an industrialized area, These situations
are instances where the ErA recommendation for railroad and community interaction is at tbls time the
most appropriate means of achieving effective warning device noise abatement.

ErA encourages alternate solutions to the routine use of acoustic warning devices at rail arid road

crossings. For example, tile elimination of public grade level railroad crossings would do away with the
source of the problem, the intersection of rail tracks and publia thoroughfares, ltoweyer, sucb a
national program of elevating or depressing either the railroad line or tile public thoroughfare at each
crossing, solely for tile purpose of the abatement of aeousfic warning signal noise, is not considered
appropriate. It should be seriously considered, though, in future public thoroughfare or railroad line

construction programs for both safety and environmental noise reasons.
Warning gates, too, as suggested, would appear to be an effective safety alternative to acoustic

warning signals. Specifying their use on a national basis, however, would be prohibitively expensive
considering that+costs range from $45,000 to $90,000 per unit+ And with the extensive use of grade
level crossings in the United States, Illinois, for example, having approximately 15,000 crossings without

drop gates, the cost would be $675 million or more in that state alone.
Since acoustic warning devices do serve the interests of safety and can best be regulated at the

local and state level for tile reasons indicated, EPA does not propose to regulate railroad acoustic warn-
ing devices at this time.

Special PurposeEquipment

Examples of special purpose equipmer!t that may be located on or operated from rail ears include:

• Ballast cribbing machines

• Ballast regulators
• Conditioners and searifiers
• Bolt machines
• Brush cutters

• Compactors
• Concrete mixers
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a Cranes and derricks

• Earth boring machines
• Electric welding machines
• Grinders
• Grouters
• Pile drivers
• Rail beaters

• Rail layers
• Sandblasters
• Snow Plows

• Spike drivers

• Sprayers asd numerous other types of malntenauce..of-way equipment.

The Agency realized that special purpose equipment such as that used for maintenance-of-way

activities is essentially construction equipment and as such, may emit loud intermittent noise,
Railroads may avoid noise problems by keeping routine maintenance activities to reasonable tirnes.
Local jurisdictions may easily regulate operation times for such equipment as long as exceptions

are allowed for emergency use. For example, a community may wish to regulate the hours allowed
for routine operation of spike driving equipment, but exception must be made for tile operation
of such equipment in the aftermath of a derailment, so tht interstate commerce would not be
unduly impeded.

The small numbers of such equipment, their infmquency of use, and the relative ease with
which viable local regulations may be instituted all tend to make a federally preemptive regularion
overly expensive relative to the benefits received,

There has not bean any indication that any cases currently exist in which non-uniform local

or state regulation of special purpose equipment has unduly burdened those railroads so regulated.
At this time the Agency does not believe that special purpose equipment requires national
uniformity of treatment. However, the rail cars on which such special purpose equipment is
located are included under the standards for rail car operations. The Agency continues to solicit
notice of specific cases in which non-oniform local or state regulation of special purpose equipment

has created a burden on interstate commerce. If, in tile future, it appears that national uniformity
of treatment of such equipment is appropriate, noise emission standards may be proposed.

Track and Right-of-Way Design

The standard promulgated for rail cars applies to the total noise produced by the operation
of trains on track, As such, it is preemptive with respect to both rail cars and track. It reflects the
noise level achievable by application of best maintenance standards to rail ears, Further reductions
in noise levels are achievable!through various track repairs and modifications. However, EPAhas

not fully identified the available technologY or' the applicable costs associated with such practices.
In the future, the EPA may propose standards that would require their application.

However, some steps, such as tile erection of noise barriers, can be taken to reduce noise
emissions from railroad rlghts.of-way that do not in any way affect the operation of trains on the
rights-of-way, State and local governments are better able than the Federal Govnmment to
determine If some noise-sensRive areas needsuch protection;and the existence of differing require-
ments for such measures in different areas does not at this time appear to impose any significant
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burden on interstate commerce. There is presently no need fornational uniformityof treatment of
such noise abatement techniques; and they are, therefore, not covered by the proposed regulations.

Tile Federal railroad noise regulations do preempt any localregulations that set noise
emission standards or require use restriction on rail cars equippedwith auxiliary power units, more
specifically, mechanically refrigerated freight cars, and variousauxiliary powered passenger-related
cars,

The initial decision by tile Agency was to regulate noise fromall sources produced by rail cars
while in motion only and to leave to state and local authorities the regulation of whatever
noise is produced from rail ears while stationary. This decisionwasmade because tbese noises are
a problem only when such cars are parked near noise-sensitiveareas (such noisesbeing indistinguish-
able from other railroadear noises wldle the carsarc in motion) and be:ause it was felt that such.
localized problems could best be controlled by measures such as the relocation of those cars to less
noise-sensitiveareas.

TheAgency wasand continues to be cognizant of the extent of the problem tbat can be
caused in specific instances by the continuous operation of the dieselor gasoline engines operating
on sucb ears. Noise levelsas high as 75 dBA at 15 meters (50 feet) are possible from refrigerator
cars parked with their cooling systems running in marshallingandhumping yards. Noise levels from
such refrigerator cars can be even greater because such cars are often parked coupled together in
large numbers. Additional data acquired by and supplied to the Agency has shown that the problem
exists not only with refrigeratorears but also with variouspassenger-relatedcars.such as dining cars,
lounge cars,cafe-type ears, and others equipped with self..cdntainedpower units. Also, the abatement
of such noiseappearspossible and, in certain instances, is now beingaccomplished through the use
of existing muffler designs.

The Agency therefore may consider the possible promulgationof a regulation dealing with
the noise produced by mechanically refrigerated frei#lt cars and passenger cars equipped with
auxiliary power equipment so as to reduce the impact of such noisewhen these ears are parked near
noise-sensitiveareas.

It should bc noted that, in the regulation, the standard for railear operations refers to
the total noise generated and that the setting of emissionstandardson any element of that noise is
preempted, whether the railcar is in motion or stationary. ThisFederal regulatory action does not,
however, interferewith the ability of state and local governmentsto enact or enforce railroad yard
noise emissionregulations that require railroads to erect noisebarriers. Nor does the regulation
Interfere with the ability of state and local governments to enact or enforce noise emission regulations
that require the relocation of parked rail ears generatingnoise so long as that regulation is reviewed
and approved by EPA pursuant to Section 17(e)(2) of the Act.

The Agency hasnot intended and does not intend that intra-urban mass transit systems be
covered by the regulation being promulgated. It is the Agency judgment that such systems
are specificallyexcluded from regulation under Section 17 of the NoiseControl Act of 1972 by the
definition of "carrier" cited tn the Act, which excludes "...street, suburban, and interurban
electric railways unlessoperated as a part of a general railroad system of transportation." In addition,
such systemsoperate principallywithin one jurisdictionor in somacases thJ'oughouta small number
of contiguous metropolitan jurisdictions under the purview of asingle transit authority and, as such,
do not appear to requireuniform Federal regulationto facilitate interstate commerce. However,the
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exclusion of such systems does not alsoexclude the operations and equipment associated with
commuter railservicesprovided by a number of interstate railcarriers.

Trains

Unlike tile categoriesof railroad equipment and facilitiesjust discussed, train noise is
potentially subject to the noise regnlationsof more tilan one jurisdiction. Trains areconstantly
moving from one jurisdictionto another,and it is not feasible to have them stopped at policita]
boundariesand adapted to meet a different noise standard. Moreover, they constitute a major
sourceof noise to people close to railroadfights-of-way. The varioussourcesof train noise (other
than warning devices)are thereforecovered by the regulation to facilitate Interstate commerce
through uniform national treatmentof their control.

CHARA(.'I'EROF RAILROADNOISESOURCESAND ABATEMENTTECHNOLOGY

Locomotives

Railroad locomotivesaregenerallycategorized as

• Steam
• Diesel-electric
• Electric
• Gas turbine,

The few remainingsteamlocomotives in tile United States arepreservedprimarily as historical
curiosities and am, therefore,not coveredby the proposed regulations. In this subsection, noise
associated with diesel.electricand electric/gas turbine locomotives arepresented.

All measurements discussedin thissection are A-weightedlevelsobtained by means of
microphones places alongsldea locomotive, and referto a measurement distance of lOOfeet,
unless othorwise noted. Detailsof themeasurements are given in Section 6.

Ole_el-EleotrieLocomotives

Three types of enginesare currentlyin use:

1. Two-stroke Rootesblowzl
2. Two-stroketurbocharged
3. Four-stroketurbochargvd.

A tm'bochargedengineproducesabout 50 pereen'tmore power than doesa Rootes-blown
engine. The number of cylinderson a dieselengine may be 8, 12, 16, or 20, with each cylinder
havinga displacementof 640 cu in. Eachcylinder produces 125 hp when Rootes blown and 187_5
to 225 hp when turbochargcd,Thes_ engines are employed on.the two basic types of locomotive:

I, The switcher,which is usedprimarilyto shunt carsaround the railroadyard and is
••, powered by enginesof1500hpormore.
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2. The road locomotive, which is used primarily for long hauls, aod is powered by engines
of 1500 lip or more,

A diesel locomotive engine drives an electric alternator that produces electricity to run the

electric traction motors attached to each axle of the locomotive. The rated power of the engine
is the maximum electrical power delivered continuously by the alternator. The engine has eight
possible throttle settings. As can be seen in Table 5-1, engine power and noise levels iocrease with
throttle position. The data in thls table are taken from a presentation giveo at an Associated of

American Railroads (AAR) meeting in August 1973, by the Electro-Motive Division (EMD) of
General Motors Corporation and were developed from a study of local cell information for a

number of U.S. railroads. Of the approximately 27,000 locmnotlves in service on major railroads
(see Appendix A), about 20,000 were built by EMD, The percent of horsepower and percent of
time given for each throttle position are typical of all locomotives. Tile dBA levels vary, of course,
from engine to engine. The example here is for a 2000 hp, EMD GP40-2 locomotive,

TABLE 5-1

EFFECT OF THROTTLE POSITION ON
ENGINE POWER AND NOISE LEVELS

% of Rated % of.Time at dBA at
Throttle hp for Throttle Position 100 FI for
Position* Diesel Engines Road Loco Switcher 2000 hp Engine

Idle 0.75t 41 77 69.5

I 5 3 7 72.0

2 12 3 8 74.0

3 23 3 4 77.0

4 35 3 2 80.0

5 51 3 I 84.5

6 66 3 - 86.0

7 86 3 87,5

8 100 30 1 89.0*

Throecooling fans we ooporanng duringmeasurement for throttle position8, only one
fan forothermeasurements.

t Locomotiveauxiliaryhponly-notraction.
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Locomotive at Rest

During the course of tbis study, sound levelmeasurements were madeon individual Ioeo.
motives at different powersettingsduring load-cell or self-load testing. Tile resultsof these tests
are shown in Table 5-2,

For those locomotives listed in Table 5-2, tire average overall noise level for the EMD
locomotives at 100 ft is 90 dBA ±4 d BA. where tile variance includes allowances lbr all possible

measurement and locomotive differences; for example, different observers and different test sites.
Tile GE measurement for its 3000-hp loeomotNe is 86 dBA :t3 d BA, again allowing for all po_ible
measurement variations, which is slightly lower than those measured by EMD. Tile reason for ibis
difference may be tbat on GE locomotives, the exhaust stacks rise about 6 in. above tile hood,
while on EMD locomotives tile stacks are flush with tile hood and radiate sound more efficiently.

In addition to exhaust and casing noise, the noise from cooling fans may be significant.

Figure 5-1 shows that the noise from an EMD GP40-2 300O-bp locomotive with its engine access
doors open nmasumd 9 dBA bigimr with three cooling fans running than witb no rims rtmnlng.
Since it was necessary to open tile engine.'aeeess doors during tile measurements, tile recorded levels
are somewhat higher than would be generated under normal operating conditions, llowever, there
is little doubt that cooling fan operation can significantly contriblde to overall levels. Tile fans on
GE engines run continuously, thus contributing to total noise levels under all operating conditions.
Fans on EMD locomotives are thermostatically controlled.

In summary, the major components of locomotive noise are, in order of signilieance,
engine exhaust noise, casing-radiated noise, cooling fan noise, and wheel/rail noise. Table 5-3
shows average levels in dBA at 10O ft for eacll of these sources. Other sources, such as engine air
intake, traction motor blowers, and the traction motors themsleves have noise levels too far below
the other soureas to be identified. Also, Rootes-blown engines have an unpleasant "bark", which
does not show up in any generally used method of measurement.

Locomotive In Motion

Another method of characterizing locomotive noise is doing so as a locomotive passes by a
fixed point during normal operation. Levels recorded in this manner contain all sources ofloco-
motive noise discussed previously. Measurements of this nature are meaningful, since this is tile

heine that is emitted into the community. Unfortunately, the specific parameters that affect tbe
level of noise produced are not easily controlled. These include horsepower, velocity, throttle
setting, and number of locomotive units coupled together, However, by recording the sound levels
of a large number of passby events, typical levels may be established.

Figure 5-2 and Table 5..4display tile results of approximately 105 passby events. As indi-
cated, loeomofive passbys range from 74 dBA to 98 dBA when measured at 100 feet.

Figure 5-3 shows, for the same events, tile maximum sound level as a fuactlon of the.ve-
locity. There does out appear to be a definitive relationship between speed and maximum locomo-
tive noise.

Figure 5-4 relates, again for the same events, the maximum sound levels as a function of
velodty and number of locomotives. There does not appear to be a definitive relationship between
the number of coupled locomotives and the noise emitted.

The measurement of locomotive passby events is explained in Section 7.
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TABLE 5-2

STATIONARY NOISE EMISSION DATA FOR
GENERAL MOTORS AND GENERAL ELECTRIC LOCOMOTIVES

Locomotive Loading Throttle Setting
Identification tlorsepower Conditions Aspiration 0 8 Reference

EMD-SWISO0 1500 T .... 84.5** 3
EMD-F7A 1500 T -- 66* 86 1
EMD-SWI500 1500 T -- 69* 92* 1
EMD-SWIS00 1500 T .... 93 3

EMD SD 9
SD 4328 1750 T RB 68 89 11

EMD 25014
SD 9 1750 -- RB 70 -- 10

EMD-GP/SD38 2000 T .... 91.5 3
EMD 5077
GP 38-2 2000 S RB 65 91 7

EMD
GP 38-2 535 2000 S 67 88.5 7

EMD
GP 38-2535 2000 T -- 66.5 88.5 7

EMD 4115
72635-I
GF 38-2 2000 S TC 66" 91 8

EMD4111
72735-12
GP 38-2 2000 S RB 63* 90 8

EMD 4053
5806-4
GP 38-2 2000 S RB 62* 88 8

EMD 4050
5806-I
GP 38-2 2000 S RB 61 * 89 8

EMD 4508
SD 24 2400 T TC 68 86.5 9

SD35 1921 2500 T -- 69 86 7

EMD 29355
SD 35 2500 T TC 68 88 8

EMD 1952
29340
SDP 35 2500 8 TC 70 88 8

EMD FP/SD-40 3000 T -- 72 89.5 3
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TABLE 5-2 (Cont'd)

STATIONARY NOISE EMISSION DATA FOR
GENERAL MOTORS AND GENERAL ELECTRIC LOCOMOTIVES

Locomotivt_ Loading Throttle Setting
Identification Horsepower Conditions Aspiration 0 8 Referenc(

EMD
GP403049 3000 T -- 64,5 88 7

EMD
GP 40 3018 3000 T -- 69.5 88.5 7

EMD
GP403182 3000 T 67 85.5 7

EMD
GP 40 3 I95 3000 T -- 68.5 88 7
EMD
GP40 3156 3000 T -- 67 88 7

EMD 1559
32623
GP40 3000 T TC 69 92 8

EMD 1562
32960
GP 40 3000 T TC 68 87 8

EMD-GP40-2 3000 T -- 70* 88* 7

EMD 3115
SD 45 3200 S TC 68 90 8

EMD 3124
SD 45 3200 S TC 70 90 8

EMD
SD 45-T2
SP 9212 3600 S TC 72 94 11

EMD
SD45 3600 T .... 90.5 3

GE U25 2500 T .... 86" 5

GE 38573
4300 3000 -- TC 72 -- I0

GE 1472
38417
U30C 3000 S TC 66* 89 8

GE 1581
37970
U30C 3000 S TC 65* 87 8
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TABLE $-2 (Cont'd)

STATIONARY NOISE EMISSION DATA FOR
GENERAL MOTORS AND GENERAL ELECTRIC LOCOMOTIVES

Locomotive Loading Throttle Setting
Identification Horsepower Conditions Aspiration 0 8 Referene_

GE 1473
38418
U30C 3000 S TC 67* 87 8

GE U30 3000 T ..... 86* 4

GE 3811
U33C 3300 S TC 68 90 8

GE 8717
U36C
38879 3600 S TC 72 91,5 9

GE U36B
1759 3600 S -- 68 91

GE U36B
1825 3600 S -- 67 93 7

GE'U36B
1780 3600 S -- 66 90.5 7

GE U36B
1855 3600 S -- 66 85,5 7

GE U36B
1832 . 3600 S -- 65 89.5 7

GE U36B
1815 3600 S -- 64.5 90 7

GE 1767
37430
U36B 3600 S TC 66 87 3

GE 1796
37792
U36B 3600 S TC 67 91 8

GE 1766
37429
U36B 3600 S TC 67 93 8

GE 17_/I
37434
U36B 3600 S TC 67 91 8

GE 1764
37427
U36B 3600 S TC 67 94 8
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TABLE 5-2(Cont'd)

STATIONARY NOISE EMISSION DATA FOR
GENERAL MOTORS AND GENERAL ELECTRIC LOCOMOTIVES

Locomotive Loading Throttle Setting
Identification Horsepower Conditions Aspiration 0 8 ReFerence

GE 1526
38048
U36B 3600 T TC 66 90 8

GE 1800
37796

U36B 3600 S TC 68 92 8

GE U36B 3600 S -- 64.5 90 7

Sample Size 47 5 l

Idle _f.h.rottie 8

S - Self Load *Data taken at 50 ft.; Range 61-73 dBA 84.5-94 dBA
T - Load Cell ' 6dBAadded Mean 67.3 dBA 89.3 dBA
TC - Turbo Charged **Pra-1960muffler Standard
RB - Routes Blown Deviation 2.45 dBA 3.36 dBA

REFERENCES TOTABLE 5-2
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TABLE 5-3

SOURCE CONTRIBUTIONS TO LOCOMOTIVE NOISE LEVELS

(Based on Prediction Techniques of Ref. 4)

dBAat 100 Ft
Source (Throttle 8)

Exhaust 86-93

Casin8 80-85.5

Cooling Fans 80-84

Wheel/Rail _. Locomotive only 78
at 40 mph J Totai train 81
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TABLE 5-4

LOCOMOTIVE PASSBY NOISE EMISSION LEVELS MEASURED AT | 00 FEET

(see Figure 5-3)

Road Noise Studies
dBA

I [l 11I IV TOTAL

74 1 I 2

75

76 2 2

77

78 1 1

79 1 1 2 1 5

80 2 2

81 2 2

82 2 2 4

83 4 1 I 2 8

84 3 1 3 7

85 3 I 4 8

86 1 I

87 1 2 3 2 8

88 2 3 5

89 1 2 1 4

90 2 3 2 7

91 4 2 6

92 2 1 4 7

93 3 2 1 6

94 4 3 7

95 3 1 2 ] 7

96 • 1 1

97 2 1 3

98 1 1 2

I. DepartmentofTransportation-Offieo.ofNoiseAbatement

I1. DepartmentofCommerce-NationalBureauofStandards

III. Wyl¢ Laboratories

IV. Environmental Proteetion Ageney - Offiee of Noise Abfftement and Control
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Locomotive Noise Abatement

Locomotive noise abatement may be grouped into two broad categories:

1, Abatement by equipment modification
2, Abatement by operational procedures,

Abatement By Equiprnent Modi]'tcatlons

Mufflers. Since locomotives eontrlbnte most of the noise of railroad operations and since
exhaust noise dominates locomotive noise, tile first step in reducing locomotive sound levels is to

require that locomotives be fitted with an effective muffler, This section contains muffler mann-
faeturer estimates of various factors affecting the feasibility of supplying both new and in-service
locomotives with mufflers. (Please refer to Appendices G, I, M, and N for discussions of muffler

design, space awdlability, nonrailroad muffler applications, and AMTRAK experience with muffled
hieomotives,)

One such factor is the amount of back pressure a muffler creates. Back pressures on the
engine may affect its performance and life to a small extent. The engine must pump aghinst the
back pressure, thereby reducing the power that can be distributed to propel the train. Normally,
this degradation in performance is about 1.0 percent when back pressures are held within manufac-
turer limits. Back pressure may shorten engine life because when gases with increased temperature
and density exhaust into a region of high pressure, they raise tile temperature of exhaust valves and
turbochargers. Tire following information on back pressure and its effects was determined by
muffler manufacturers.

Engine Type Back l'rassure Effect

Rootes Blown 47.5 in. H20 measured
at engine exhaust port

Turbocharged 5 in. H_O measured at 10 ° rise in turbocharger
exhaust stack temperature

20-hp loss on 3000 hp engine

0,6% increese in fuel consumption

Mufflers have no appreciable effect on exhaust emissions; muffler-equipped locomotives

give offinalgnificant incremental amounts of NO x, CO, and smoke (EMD (1973)).
Three manufacturers with experience in fabricating mufflers for hieomotives have indicated

that their products will materially assist the railroads in complying with the proposed regulations:
Donaldson of Minneapolis, Minn,; Hareo Engineering of Portland, Ore.; and Universal Silencer of
Libertyville, III. The following are these manufacturer's estimates of the attenuation that could be
achieved with their mufflers alone, without any allowance installation, and the amount of back
pressure they create,
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Donaldson has had experience with the Chicagoand NorthwesternRailroad in equipping a
locomotive with an off-highway truck type of muffler. The results were:

• MufflerCost* approximately $800 for two mufflers
• BackPressure further testingnecessary

Harco Engineeringhas achieved the following results for a switcher locomotive. The mul-
ler is fitted to a Hareo spark arrestor [20].

• Attenuation approximately 5 dBA**
• Mufiler Cost $75

The results for road locomotives are:

• Rootes Blown

Attenuation - approximately 10dBA**
Muffler Coat - $750

• Turboeharged:

Attenuation - approximately lO DBA**
Muffler Cost - $1000

Back Pressure - 13-20 in. H_O (EMD claimsthat the back pressure is too
high)

UniversalSilencer has built mufflers for EMDlocomotives (3 DRGand 40 AMTRAK).
According to EMD(presentation at AAR meeting, 1973) these mufflersachieved:

• Attenuation - 9-10 dBA at full power
• MufflerCost - approximately $1200
• Back Pressure - 3 in. H20

The estimated overall noise that would result from equipping variouslocomotives with
mufflers that give 5 and 10 dBA attenuation in throttle 8 is indicated inTable 5-5,

*Mufflercost figuresare given in 1973 dollars,
_ **This measurement was performed by the manufacturer.
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TABLE 5-5

LOCOMOTIVE NOISE LEVELS EXPECTED FROM EXHAUST MUFFLING, TtIROTYLE 8

5 dBA Exhaust Muffling 10 dBA Exhaust Muffling

' Total Noise Total Total Noise Total
Level Attenuation Level Attenuation

LocomotiveType (dBA) (dBA) (dBA) (dBA)

EMD 1000-hp Rootes Blown
Switcher 86.0 4.0 82.0 8.0

EMD 1500qlp Rootes Blown
Switcher 88.0 4.0 84.0 8.0

EMD 2000-hp Rootes Blowo
Road Locomotive 89.0 4.0 85.0 8,0

EMD 3000-hp Turbocharged
Road Locomotive 86.5 3.5 84.5 5.5

GE (or Aleo) 3000-hp
Turboeharged Road
Locomotive 87.5 3.0 86.5 4.0

EMD 3600-hp Turbocharged
RoadLocomotive 87.5 3.5 85,5 5.5

GE (or Alco) 3600-hp
Turboeharged Road
Locomotive 88.5 3.0 87,5 4.0

*Because of problems integrating with spark arrestor.

Muffler manufacturers have said that they could supply fully developed and tested muffler

systems for all locomotives by the following dates within the 4-year period allotted for design,
development, and installation:

HARCO

Switchers 1 January 1974
Road 1 January 1976

DONALDSON

All types I January 1976

UNIVERSAL SILENCER

Tutbocharged Locos 1 January 1976
Rootes Blown 1 January 1977
Switchers I January 1978
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EMDand GE have said that they could fit mufflers on new locomotives by the following dates,

EMD

Turbocharged 1 January 1976
Road

Rootes Blown 1 January 1977
Switchem 1 January 1978"

GE

Turbochargsd 1 January 1976

EM and GE agree that mufflers can be incorporated in new locomotives. The cost of instal-
ling mufflers on locomotives must he compared with a total cost of $300,000 to $400,000 per
locomotive (GE and EMD presentations to AAR meeting, 1973), The following methods would he
used by each locomotive manufacturer in fitting mufflers on new engines,

• New GE Road Locomotives. Mufflers would be installed above the engine, and the
hood roof would be raised 8 in, A locomotive would still clear the required 15-ft,

7-in. gauge. Cost * = $1500 per locomotive.

• Ne_v E31D Road Lbcomotivea, Turbocharged - The muffler would be installed over
ti_e turbocharger. Mountings would have to be changed, as would the roof structure,

brake cabling, and extended range dynamic brakes, Cost = $2500 per locomotive,

Rootes Blown - The muffler would be integrated with the spark arrester. There
would be changes to the dynamic brake contactors, roof structure, and coolant piping.
Cost = $3000 per locomotive,

• New EIrlD Switchers. The muffler would be integrated with the spark attester, but
EMD is not quite sure how, Cost = $200-$500 (estimate based on Homo figures).

• Retro.fltthlg Older Locomotives. Retrofitting mufflers on loamnotives involves finding

out how many of each type of locomotive are still in service and adopting muffler
installation procedure to the peculiarities of each model.

Table 5-6 illustrates the distribution of switchers in service, categorized by manufacturer.

*Cost estimates cited here for fitting new locomotives with mufflers are based on i973 quotations
as given by EMD and GE and are expressed here in 1973 dollars. For a complete disanssion of new
locomotive muffling costs please refer to Section 9.

5-24



TABLE 5-6
SWITCHER LOCOMOTIVES 1N SERVICE

Manufacturer Year Built No. in Service

E_,lD 1940-59 3200

]960-present ] I O0
ALCO 1940~61 950

GE 1940-58 116 '

llaldwin, Lima Hamilton 1946-56 415

Fairbanks Morse 1944-58 220.

TOTAL 6000

Few new switchers are being built, only about ]20 per year, since switchers appear to run
indefinitely. Fnrlhemlore, old road locomotives can be downgraded for switching use.

Most switching locomotives built before 1960 were equipped with mufflers, but after 1960,
railroads generally fitted spark an'esters instead.

111general, there does not seem to be any difficulty in fitting a muffler to the exhaust stack
above the hood of a switcher. This has already been done in many eases with spark an'esters, restilt-
tag in atone loss in visibility for the driver. Harco has designed and tested a muffler that in tegrates
with its spark arrestor. Tile Harco muffler costs $75. However, this unit may have inadequate
muffling for tile regulation or too high a back pressure. Keeping this in mind, EPA estimates the
cost of other spark arrestors to be $200 to $500 plus 1 man-day of labor for installation.

The 8758 I_MD Rootes-blown road locomotives built before I January 1972 have less space
for mufflers than the new model GP/SD 38-2. Care must be given to the siting of mufflers, but

installation is considered to be possible. The dynamic brake grids will have to be resited, and the
roof structure will have to be modified. Railroads might have changed exhaust systems on rebuild-
ing. Discussions with a representative from Penn Central have led to the following cost estimates
for fitting each of these older models with a muffler. Please refer to Section 6 for a comprehensive
discussion of retrofit costs.

Muffler = $1500

Labor = 25 man-days (S/man-day=S46.40)
Parts = $200-$500

Labor covers the resiting of dynamic-brake grids, plumbing and cabling, modifying the roof struc-
ture, and installing tile muffler.

Mufflers that produce 5 to 10 dBA ofexhanst muffling am currently feasible. It is important
that a muffler be designed to give as good muffling at idle as at full power, since locomotives idle
much of the time. Unless other noise sources on the locomotives are also treated, the net locomotive

quieting will be only about 6 dBA due to contributions from these sources (see Table 5.4).
Mufflers could be developed and ready for production by January 1976. The manufacturers

have sufficient capacity to produce the snufflers required.
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Cooling Fan Modification. Tile next contributor to locomotive noise that may be treated
is the cooling fan, Cooling fan noise is essentially aerodynamic noise resulting from the air move-
ment created by tile fan. Methods of treatment include increasing tile diameter of the fau, adjusting
clearances between blade and shroud, and varying tile pitch of the blade. Although fan modifica-
tions arc feasible, tile application of fan retrofitting has not been developed for locomotives. Fur-
that, tile impact of such a requirement could nat be assessed with regard to cost and the effect on
tile total noise.

EngilleShileding. The vibration of tbe engine casing is a significant component of the total
locomotive noise. On a limited b_sis, work has been done to reduce the noise from this source by
adding acoustic panels to tile engine, stiffening the engine casing, and using sound-,qbsorbing mate-
rials. This technique has not been developed to the extent that it could be applied to locomotives
at this time. Due to new data that demonstrates the dominant effects of casing-radiated noise at

idle, the regulation as proposed has been amended to raise allowable long term idle emissions from
67 to 70 dBA. Please refer to Appandix F.

Noise Abatement B), Operational Procedures

Park#tg ldltng Locomoth,es A way front Residences. One of the most frequaut complaints
about railroad noise is that locomotives are left idling overnight. Railroads are reluctant to shut

down locomotives, except during their monthly inspection, because:

• Shutting down and starting locomotives require a special crew."

• Engines do not contain any antifreeze in their cooling systems and would have to be
heated in cold weather.

• Locomotive engines are likely to leak cooling fluid into the cylinders, which could
damage an engine on starting if precautions were not taken to drain it.

Railroads are sometimes rather careless about where idling locomotives are left. Frequently
they are parked on the edge of a rail yard close to residences. With a little effort, locomotives
could be parked near the center of a rail yurd, where they would be less troublesome to neighboring
homes.

SpeedReductlon. The power needed to pall a train increases almost directly with speed,
but the noise of a given locomotive increases rapidly with speed. Thus, one could achieve some
reduction by lowering the speed limit for trains passing through residential areas. For example,
the throttle settings of the locomotives of passing trains would generally be lower, and, thus, the
Ioaomotive noise would be reduced. Further, other noise sources, such as wheel/rail noise, would
also be reduced.

This noise reduction method may not be generally practical, except perhaps in special urban
areas, since the net effect would be to slow the movement of train traffic, The cost to the railroads

of lower speeds has not been calculated,
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Ban on Night Operations, Many freight trains, partianlarly in tbe eastern United States,
operate at night. Their noise is most disturbing at this time, since the background noise is lowest
and people can be awakened from sleep, Thus, a significant impact on the annoyance resulting
from the train noise can be made by banning night operations. However, such a ban on night oper-
ations would frequently be impractical, since trains arc scheduled for markets that open in the
morning and the trains are loaded during the previous day, The resulting burden on the flow of
interstate commerce could be extensive,

Use of More or Larger Locomotives for a Given Train. One paradox emerged from tbe
model of locomotive noise presented earlier. A large locamotive in a low throttle position devel-
ops less noise than a small locomotive in a high throttle position, even when the two develop tbe
same horsepower. For example, a 3600-hp locomotive in throttle 4 generates 15 dBA less noise

than a 2000-hp locomotive in tbrottle 8, Thus, a considerable noise reduction is achieved by using
a 3600-hp engine to haul a train requiring only 2000.hp. Similarly, a 9-dBA reduction could be

obtained by using four 3600-hp locomotives with lower throttle settings to pull a train that nor-
mally requires two 3600-hp locomotives, but which operate at high throttle settings,

This noise reduction technique is considered to be impractical in general, since the extra
hauling power required is large, However, this method could be used in some situations, such as
switching operations, Locomotive engineers could use low throttle positions rather than gunning

tI!e engine in throttle 8,

Electric/Gas Turbine Locomotives

There areother means of train propulsion, apart from diesel-electric, currently in use on
American railroads. All-electric and gas turbine locomotives are becoming more popular, particu-

larly in the Northeast corridor. Rickley, Quinn, and Sussan have measured the wayside noise
levels of the Metroliner, Turbotrain, and electric passenger and freight trains, The levels at 100 ft
are given in Table 5-7. In general, levels do not exceed 88 dBA, For those trains, namely two
Metrnliner trains and one standard passenger train, exceeding 88 dBA, it is felt that the cause was

the wheel/rail interaction phenomena as opposed to locomotive engine-generated noise, per se, since
these vehicles travelled at rates of speed at which rail noise is likely to predominate, (See diseus-
sinn which follows,)

Thus, in passby situations, non-diesel-electric locomotive noise is well below that of diesel-
electric locomotives, and tbe former are likely to comply with any regulation v)ritten for the latter.
However, in tire case of gas turbine locomotives, tile Agency could not obtain data on stationary

noise levels and, as such, has exempted them from eomplianca with the stationary standards.
Stationary standards for gas turbine locomotives may be promulgated in the future,

Wheel/Rail Noise

Rail car noise ineindes all sources of train noise other than that produced by the locomo-
tive, These sources are

• wheel/rail interaction
• structural vibration and rattle

• refrigerator car cooling system noise.

5-27

?
Jl



TABLE 5-7

NOISE LEVELS FROM ELECTRIC AND GAS-TURBINE TRAINS

No. of Speed
Train Cars Direction (mph) SPL (dBA i00 ft)

Metroliner 4 Soutil 106 89

4 Soutil i 10 89

4 North I06 84

6 North 110 84

4 North 80 78

6 North 84 80

Electric Pass 6 South 84 90 (wheel/rail)

Electric Freight
(2 Laces) 3 South 49 88

Turbotrain 5 East 97 85

5 West 91 85

3 East 89 84

3 West i04 88

Of these sources, the interaction of the wheel and rail is tile major component, As discussed
in Reference 43, this source is generated by four mechanisms:

• Roar

• Impact
• Flange rubbing

• Squeal,

Roar de'scribes the noise that predominates on welded tangent track, It is believed that
roar is due to roughness on the wheels and rails.

Impact noise refers to the noise produced by wheel and rail discontinuities sueit as wheel
flats, rail joints, frogs and signal junctions. This noise is charecter/zed by a eliekety.,elack sound
and may cease significant ineranse in wayside noise.

Flange rubbing describes the sound made when the flange contacts the rail and squeal does
not occur. This noise is characterized by a low-frequency grinding sound, It could be caused by a

stick-slip phenomenon'or by roughness on the flange and rail head.
Squeal is a high pitched noise produced wilen a train negotiates a tight curve. Tbree possi-

ble ways in which squeal cart occur are:

1, Differential slip between inner and outer wheels on a solid axle.
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2, Rubbing of the wheel flanges against tile rails,
3. Crabbing, or lateral motion of tile wheel across tile top of the rail.

Structural vibration and rattle emanate from the ear bodies anti couplings. Noise from
these sourecs may be distinguishable in a slowly moving train, Normally, however, this noise com-
bines with tile other sources of car noise and is not readily distinguishable.

Refrigerator cars are railroad cars used to transport perishable freight requiring refrigera-
tion. It is necessary for the cooling equipment to operate continuously when tile car is loaded, and
also when tile car is empty but a load is anticipated, This cooling equipment usually contains a

diesel engine, sometimes with muffler (of undetermined adequacy), to drive a compressor, Tllese
engines are similar in size and performance to engines used in other applications in a muffled con-
figuration,

It is believed that the muffler industry could supply the additional muffler requirement for
rail refrigerator cars. However, application consideration would also have to include space availa-
bility and installation and replacement costs. The maximum noise level from this source is approxi-
mately 75 dBA at 50 ft [40]. Wben a train is moving, the noise levels emitted from a refrigerator.
car cannot be distinguished from overall train noise; however, if the train stops or if tbe ears are

held over, the continuous operation of the compressor engine may be a source of undesirable
noise.

Refrigerator ears parked with their cooling systems mnniflg, as they often are in marshal-
ling and humping hards, may cause noise problems, but only in places where refrigerator cars are
parked near noise-sensitive areas. At this time, such localized problems can best be controlled as
a part of railroad yard noise control, through measures such usparking refrigerator cars away from
nolse_sansitive areas or installing noise barriers, rather than by requiring modifications to the entire
refrigerator car fleet, For an expanded discussion of reefer car noise please refer to Appendix O.

Typical measured levels of rail car noise are illustrated in Figures 5-5, 5-6, and 5-7. Figure
5-8 indicates that the A-weighted wheel/rail noise level varies as 30 log V, where V is the train ve-
locity. This relationship primarily describes the roar component of the nbise. The higher levels
present are most probably indicative of impact, flange mbbing and squeal noise.

Wheel/Rail Noise Abatement

A number of techniques have been suggested to reduce noise from railroad cars operating

on open track. In most eases, testing has been limited and, thus, the results regarding effectiveness
are inconclusive.

Grinding of train wheels and rail would reduce roar nNse by reducing the amplitude of the

excitation. Bender and Heckl [44] report differences of approximately 6 dBA between no!se
levels for ground and un_round rails on the Munich Subway. The important parameter to control
during grinding is irregularities having wavelengths on the order of O,5 inch to 1.0 foot, rather than
the micro-surface finish. Such wheel irregularities(wheel flats) can be controlled by spinning the
wheel during grinding. For rail, it is more difficult because running a vehicle with a grinding wheel
attached slowly over the rails causes the grinder to move vertically in response to the vertical
motion of the vehicle wheels.
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Tbe useofresillant wilee]s has nndergone considerabledevelopment since they wesein-
vented in 1889, There are now four different designs available'.

I. Penn Cushion wheels, av,'dlable in tile U.S, from Penn Machine Co., Johnstown, Pa,

2, Acousta Flex wheels, marketed by the Standard Steel Division of Baldwin-Lima-
Hamilton Corporation, Burnham, Pa,

3. SAB resilient wheels, marketed in the U,S. by American SAg Company, Inn.,
Chicago, Illinois,

4, P.C.C, wheels, made by Penn Machine Co., Johnstown, Pa,

The Penn Cushion and Acousta Flex wheels are similar in principle. Both utilize an elasto-
merle ling between ilre rim and the hub of the wheel. The SAB and PCC wlreels also are similar to
each otherin principle. In these wheels, tire tim is part era steel disc, and the hub assembly con-

sists of one or more parallel steel discs. The tim dtse is connected to the hub assembly via rubber
elements that deform as the wheel is loaded radially. The experimentation and data for resilient
wheels on rapid transit ears indicate that such wheels would be of negligible benefit for reducing
railroad freight car noise, Freight cars operate prlneipaiiy on tangent track, where resilient wireels
are least effective.

Another technique explored is wheel damping, B, F, Goodrich Company constn_cted a

wheel with a layer of viscoelastic damping material bonded to the inside of the wheel rim and
covered with a bonded steel constraining layer, This treatment is said to have eliminated screech,
reduced far field noise obtained on tangent track by up to 2 dBA at high speeds, and attenuated
roll vibration. Some limited experiments by B, F. Goodrich showed that use of an unconstrained
viscoelastic layer resulted in no significant noise reduction, However, the Toronto Transit Corn.
mission found a 12 to 15 dBA squeal noise reduction when applying unconstrained damping layers.
Use of a four-layer damping configuration on a BART prototype car led no sJgnifiean t effect on
interior and wayside noise on tangent track, but eliminated some sareenhing on curved track,
Reductions of 20 dBA in screeching noise and 4 dBA for nonscreeehing noise were realized for
curvedtrack.

Rail welding is a method that can be used to reduce the noise caused by ilre discontinuities
at rail joints, On the average, it can be expected to reduce wayside noise by as much as 3.5 dBA.
However, maximum levels are as higi| on welded rail as on bolted rail (see Figure 5-8), Other
advantages of welded rail are the potential for less m_intenance and a decrease in average rolling
resistance. Both are due to the absence of rail joints.

Rail damping is a tecl|nique that has undergone only limited testing. A damping compound
is applied to ilre nonmnning surfaces of the rails, which should shorten the length of rail that

' _bretes when a wheel passes over it. At this time, experimantation is so limited that no conclu-
sions can be reached as to the effectiveness of this technique,

In summaW, although there are some new techniques and systems that show a degree of
promise, the only available methods today for reducing moving rail ear noise emissions is througi_
file maintenance practices of car wheel and rail grinding, in addition to the use of welded rail. For
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a discussion of tile applicability of track and rail safety standards to noise, please refor to Appen-
dix P,

Retarder Noise

Within rail car classification yards, several thousands of ears are moved in each 24-hr period,
as trains arc assembled/disassembled. Two general methods are used for car movement:

1. Small switcher locomotives are used to maneuver (one or more cars) and to create

rail carvehiclevelocity prior to release for self-movement to pre-seleeted tracks.

2. lteavy duty pusher locomotives push rail cars up an incline and over a hump,
where the cars are released to travel on their own to predetermined yard
locations.

As a result of the teaimique used in hump yards, a single rail car orseverai rail cars coupled
together may be traveling at 10 to 15mph and accelerating while moving down the hump.

To manage the rail ear(s), retarders are used to reduce ear(s) speed or to stop them. In the
process of slowing or stopping the ear(s) intense noise, characterized as a squeal, is often generated.
Figure 5-8 shows the amplitude distribution of noise associated with railcar movement through
retarders. Noise levels as high as 120dBA at 50 feet have been observed.
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Although studies [36, 241 have been conducted to determine tile mechanism of wheel/
retarder noise generation, a thorough understanding of the phenomenon is not yet at hand. It is
thougl|t that the intense wheel squeal is tile restdt of excitation of the rail car wheel at its resonant
frequencies. Apparently, tile noise levels emitted by the car wlleels are influenced by car type, car
weight and loading, type of wheels, structure and composition of tile retarder, and the decelerating
force that the retarder applies to moving ears.

According to the Federal Railroad Administration, them are approximately 130 hump yards
in this country. A listing of the current in-use hump yards by location, railroad, and number of

classification tracks is shown in Appendix C.

Retarder NoBe Abatement

Though the mechanisms of wheal/retarder noise are not fully understood, several methods
to control the noise are thought feasible. One method, namely, the use of barriers, would control
the noise once it is generated. In other words, it would minimize the noise propagation efficiency,
while four methods would control noise at the source; i,e., minimize noise generation efficiency.

1. Retarder lubrication
2. Use of ductile iron wheel shoes
3. Use of releasable inert retarders

4. Retarder control by computers.

While the five methods cited are thought to be possible alternatives for retarder noise con-
trol, much further study is required to assess the benefits and costs associated with each method.
To date, known benefit mid cost information associated with tim aforementioned orethoda are
summarized as follows.

BeneBts

The only completed study that models tile impact on people of retarder noise reduction was
of the Cicero Yard outside of Chicago. (See Appendix D.) The results of that study showed
that the reduction of retarder noise levels by 20 dBA allowed about 200 more people to be ex-

posed to less than an Ldn of 65 dBA, The maximum reduction that would be experienced by any
of the 200 people would be a 2 dBA change in Ldn. If retarders were completely silenced, the
noise reduction would benefit only 200 more people (total of 400) as per the preceding criteria,
according to the study,

Althnugl| it is not altogether accurate to project a study of a single yard to a national im-
pact, if the assumption was made that Cicero Yard is typical of all rail yards, approximately 26,000

more people would be exposed to less than an Ldn of 65 dBA.
By reducing locomotive exhaust noise by 10 dBA in the Cicero Yard, approximately twice

the benefit was realized (400 people less than 65 Ldn) than with the 20-dBA reduction in retarder
noise, according to the study,

5-34



Costs_

a Barriers (material costs of initial installation only)

1. $70 to $I00 per linear foot,
2. $75,000 to $150,000 pcr yard.
3. $9.6 to $19.1 million for railroad industry.
4. Maintenance/replacement costs unknown.
5. Space and safety hazards unknown.
6. Down time and track modification costs are unknown.

• Source Control

1. Lubrication Systems (excludes nlaintananee/opcration costs)

a. Specific costs unknown, estimated by industry to be $375,000 to
$750,000 per retarder system (master plus 4 to 8 group retarders) or
5 to 10 percent of total capital investment.

b. Estimated initial cost of new equipment on basis-g150 million
(assuming 200 retarder systems)

e. Maintenance and operational down time and mofification costs to
track system are unknown.

2. Ductile Iron Sboe

a. Initial cost ($37 per foot) is twice that of regular retarder shoes.

b, Ductile shoes wear 10 times faster than regular retarder shoes.

e. Estimated additional cost for using ductile iron shoes to replace
present shoes is $150,000 per retarder system.

d. Estimate of national cost impact to industry is $150 million
(assuming 200 retarder systems).

e. Yard down time is not included in this cost estimate.

3. Releasable Inert Retarders

a. Conversion of nonreleasable inert retarders to releasables cost $7,500
per retarder, not including labor, down time, or operation costs.

*The cost of shutting down a yard or part of a yard during installation or maintan_nce of these
systems could double or triple the estimated costs.
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b, "Nit number ofuonreleasable inert retarders in use is unknown. Gross

estimate is 20,000.

e. Estimate of national cost to convert is $150 million,

4. Computer Control of l_.ctarders

a. Computer control of retarders socnls practicable only at tile newer
yards, whore computer control systems were installed when the yard
was built.

b. There are approximately 40 computer controlled yards.

e. The cost, during new constn:ction of a yard, for computer control of
a retarder system is 52.25 million,

d. Cost of feasibility of retrofitting a yard with eompuer control is
unknown.

e. If hardware installation costs were assumed to triple tile new installa-
tion cost, the national cost impact for retrofit of existing yards for

computer control wobld be $800 million, assuming 129 retarder
systems,

Car-Cur Impact Noise

The time histories of car-car impact noise illustrated in Figure 5-9 show some features of
the physical phenomena that accompany car-earimpact. The initial impact of the ear couplers

causes a crack, as illustrated by the sharp rise in sound level in both parts of the figure. The high-
frequency portion of the mechanical energy fed into couplers often excites an entire car body, The
second time-trace in tile figure shows how, as the resulting vibrational energy decays exponen-
tially, the radiated noise falls off proportionally. The time-trace for a tank ear hitting two loaded
fiat bed cars shows the noise sometimes generated by secondary impacts as ears pull away from
each other aml coupler slack is subsequently taken up. The time-trace for the noise measured
eight cars away from a point of impact shows how the energy from an impact can propagate along
a chain of cars,

Warning Devices

This source of noise includes belis_horns, and whistles, which are sounded to warn pedes-
trians and motorists that a train is approaching a grade crossing, The noise level at 50 ft due to
either a horn or a whistle is 105 dBA ±i 0 dBA, Of prime consideration in addressing these sources
of noise is the measure of safety that they provide.

Methods of noise abatement for warning devices have not been fully evaluated. Some
localities have required that the devices not be sounded, while others have required the opposite.
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Varioas alternatives for controlling their noise include requiring reduced levels, specifying direction-
ality, or limiting the times and areas in wllich ilre devices sbould be sounded.

Pnbllc Address Systems

Although tile frequency of occurrence of noise frmn loudspeakers in railroad yards is
sporadic a:td unpredictable, tbe level of the noise from speakers is comparable to the level of noise
front other sources in the yards. Where abatement is desired or necessary, more speakers could be
strategically located so that less volume is necessary, or railroad yards could follow the recent trend
to two-way radio communication,

Maintenance and Repair Shops

The noise from shops comes mainly from running tile engines of stationary locomotives.
Other noises from maintenance and repair shops arc overshadowed by the noise from retarders,

car impacts, and locomotives moving about the yard. Ifcontruls are applied to noise from loco-
motives, car impacts, and retarders, that part of shop noise not due to locomotive engines may
then emerge as a significant part of tile remaining noise.

Refdgarator Cars

These cars are railroad ears used to transport freight that requires refrigeration. It is hates-
sat3, for tile cooling equipment to operate continuously wl|en the car is loaded and when the ear

i is empty but a load is anticipated. This cooling equipment usually contains a diesel engine, some-
times with muffler (of undetermined adequacy), to drive a compressor. These engines arc similar
in size and performance to engines used in other applications in a muffled configuration. It is

i believed that the muffler industry could supply the additional muffler requirement for rail refriger-
; ator cars. However, application consideration would also have to include space availability and

installation and replacement costs. (see additional discussion under Wheel/Rail Noise in this sec-
tion, as well as Appendix O.)

Auxiliary Diesel EnBiues

Passenger locomotives and cars are frequently equipped with (1) diesel enginesto drive an
alternator supplying electric power to the train, and (2) steam generators (on the locomotive) to
supply heat for the train. AMTRAK is purchasing new locomotives with auxiliary diesel engineson
board; some of their club cars already have them.

Data on noise levels.from auxiliary engines were provided by the Illinois Railroad Associa-
tion (I RA) in its submission to Docket ONAC 7201002. The IRA cited noise levels of two auxi-

liar/engines as measured by the Chicago and Northwestern Railway. These engines were Cummins
V.block diesels runningat 1800 rpm so as to generate 60-Hz electricity, Noise measurements were
taken with no load on the engines; they would have been higi|er if a load had been applied. The
measured levels were 58 and 55 dBA at 100 ft from the locomotive.

5-39
3

I



Section 6

GENERAL PROCEDURE TO MEASURE RAILROAD NOISE

INTRODUCTION

Tile EPA did not propose or publish a detailed measurement metbodology as part of its
original rule making establisldng railroad noise emission levels. Tile Agency did reference it in tile
Notice of Proposed Rule Making (NPRM) and described it in detail in the Background Document

to the proposed railmad noise regulations. Tire proposed regulation did not include a detailed
measurement methodology since it was contemplated that it would be included as part of the

compliance regulation to be issued by the Department of Transportation (DOT).
Section 17 of the Noise Control Act of 1972 places tile responsibility for promulgation of

compliance regulations witil the Secretary of Transportation. The EPA develops and promulgates
standards that provide the basis from which DOT develops the requisite compliance regulations.
Such EPA standards must be sufficiently detailed as to the requisite definition that there is no

question as to the standard promulgated. Proper definition of such standards is particularly critical
with respect to railroad noise became there is no generally accepted measurement sclieme in use
throughout the affected industry, unlike the situation in other industries subject to Federal noise
regulation, such as tbe Motor Carrier industry.

A measurement methodology, dealing with the enforcement aspects of railroad noise measure-
ment, will still be developed by the Department of Transportation. The Agency, however, as a
result of its own further analysis and after.consideration of the questions and suggestions received

during the public review process, has decided to incorporate additional measurement criteria into
Bra standards as an added subpart of the final regulation being promulgated herein. Such measure-
ment criteria contain specifications for ambient noise, wind noise, test site conditions, test equip-
ment orientation, and other parameters n,_cessary for tile consistent and accurate meast_rement of
the sound levels specified in the regulation.

The criteria were derived from the EPA methodology which was published in the Background

Document to the proposed regulation and commented on as a result of the public review process.
That methodology has since undergone thorough review by concerned Agencies of the Federal

government, including the Department of Commerce/National Bureau of Standards, and the
Department of Transportation]Federal Railroad Administration, and been revised by the EPA in
response thereto,

If issue is taken with the data supporting tile railroad standards proposed by EPA, such data
submitted to the Agency in support of the respondent's position should be based on measurement
methods or procedures aimUar to those of the Agency. The equivalency of correlation between
different measurement practices must be clearly explained, to permit adequate comparisons with
thu data and levels in regulation.
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It is recommendedthat teclmically competent personnel select the equipment to he used for
the test measurements, Proper test instrumentation and experienced personnel are essential to
obtain valid measurements, Operating manuals or other literature furnished bYtile instrument
manufacturer should he referred to, for both recommended operation of the instruments and
precautions to be observed. Followingare the measurement criteria as they appear in tile regulation.

SUBPART C - MEASUREMENTCRITERIA

201,20 Applleability and Purpose

Tile followingcriteria are applicable to and contain tile necessary parameters and procedures
for tile measurement of the noise emission levelsprescribed in the standards of Subpart B of this
regulation, These criteriaare specified in order to further clarify and define such standards,

201.21 Quantities Measured

Tile quantities to be measured, under tile test conditions described below, are the A-weighted
sound levels for fast meterresponse as defined in the American National Standard SI.4-1971.

201.22 Measurementleatmmentation

(a) A sotmd levelmeter that meets, as a minimum, all the requirements of American National
Standard SI.4-1971 for a Type I1instrument shall be used with the "fast" meter response
characteristic.

(b) In condacting the sound levelmeasurements, the general requirements and proceduresof
American National Standard S1.13-1971 shall be followed. This publication isavailable
from the AmericanNational Standards Institute, Inc,, 1430 Broadway, New York, New
York 10018,

(c) A microphone wind..sereanrecommended by the manufacturer of the sound level meter or
microphone of an alternate soundlevel measurement system shall be used,

201,23 Acoustical I/nvlrnnment,WeatherCondit/onaand BackgroundNoiso

(a) The standard test site shall be such that the locomotive or train radiates somld into a free i
field over'theground plane, This condition may be consideredfulfilled if the test site
consists of an openspace free of larse, sound reflecting objects, such as barriers,hills, i
sign-heards,parkedvehicles, loCOmotivesor rail carson adjacent tracks, bridgesor build-

ings within the boundariesdescribed by,Figure 6-1, as wellas conforms to the other !
requirementsof Section 201,23.

(b) WitMnthe complete test site, the top of at least one rail upon which tile locomotiveor ,
train is located shallbe visible(line of sight) from a position 4 feet above the ground at
the microphone location, except as provided in Section 201.23(e).
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(e) Ground cover such as vegetation, fenceposts, small trees, telephone poles,ctc,, shall be
limited within the area in the test site between the vehicle under test and tile measuring
microphone such at 80 percent of the top at least one rail along the entire test section
of track be visible from a position 4 feet 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) Theground elevation atthe minrnphone location shall be within plus5 feet or minus I0
feet of the elevation of the top of the rail at the location in-line with the microphgne.

(e) Within the test site, the track shallexhibit less than a 2 degree curveor a radius of
curvature greater than 2,865 feet (873 meters). Tlds paragraph shall not apply during
a stationary test. The track shall be tie and ballast, free of special track work and bridges
or trestles.

(0 Measurementsshall not be made during precipitation.

(8) The maximum A-weighted fast response sound level observed at the test site immediately
betbre and after the test shall be at least l0 dB(A) below the level measured during the
test, For the locomotive and rail earpuss-by tests this requirement applies before and
after the trai|z containing the rolling stock to be tested has passed. This background
sound level measurement shallinclude the contributim| from the operation of the load
cell, if any, including contribution during test.

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

201.24 Proceduresfor the Measurementof Locomotiveand Rail CarNoise

(a) MicrophonePositions

(1) The microphone shallbe located within the test site according to the specifications
given in the test proceduresof sections 201.24 (b), (c) and (d), and shall be posi-
tioned 4 feet above the ground. It shall be oriented with respect to the sources in
accordancewith the manufacturer's recommendations.

(2) The observershall not stand between the microphone and the source whosesound
levelis being measured.

(b) Locomotive Stationary Test (Load CellTest)

(1) For stationary locomotive tests, the miurophone shnil be positioned on a line per-
pendicular to the trackat a point 100 feet from the track centerline at the longi-
tadinni midpoint of the locomotive.
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(2) Tbe sound level meter shall be observed for thirty seconds after the test tbrottle

setting is established to assure operating stability. The maximum sound level
observed during that time shall be atilized for compliance purposes,

(3) Measurement of loconrotive noise sliall be made with all cooling fans operating.

(e) Rail Car Pass-by Test

(1) For rail cur pass-by tests, the microphone shall be positioned on a line perpendicular
to the track 100 feet from the track centerline,

(2) Rail car noise measurements shall be made when the locomotives have passed a
distance of 500 feet or 10 rail cars beyond the point at tile intersection of the track
and tile line which extends perpendicularly from the track to the microphone Iota- i
tion, providing any other locomotives are also at least 500 feet or 10 rail ear lengths
away from the measuring point, The maximum sound level observed in this manner
which exceeds the noise levels specified in Section 201.13 shall be utilized for com-

pliance purposes.

(3) Measurements shall be taken on reasonably well maintained tracks.

(4). Noise leve!s shall not be recorded if brake squeal is present during the test
measurement,

(d) Locomotive Pass-by Test

(1) For locomotive pass-by tests, tlie microphone shall be positinned on a line perpen-
dicular to the track at a point 100 feet from the track center line.

(2) The noise level shall be measured as tile locomotive approaches and passes by the
mieroplioae location. The maximum noise level observed during this period shall
be utilized for compliance purposes,

(3) Measurements shall be taken on reasonably well maintained tracks.

?
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Section 7

ECONOMIC EFFECTS OF A RETROFIT PROGRAM

The imposition of a railroad locomotive mu filer retrofit program, as proposed in tile '
Notice of Proposed Rule Making, elicited several public comment docket submissions that

contained technical and economic data that conflicted significantly with tbat appearing in the
original background document. Tile principal areas of conflict involve disparities in determina-
tion of the best available technology as it exists today and tile resultant costs of its application.

There is a further complicating factor in that the available space configurations withiu

many locomotives have been altered over the year,s due to tile addition and modification of
various locomotive components such as dynamic braking systems and spark arresters. As a

result of this practice, there are uumerous and diverse locomotive configurations, each possessing
specific peculiarities that must be aecoanted for in a retrofit program. The implications of this
diversity of locomotive configurations and the accompanying disagreement concerning available
technology and the cost of its application (i.e., labor rates, capital costs of new facilities, etc.)
have given rise to cost of compliance figures ranging from the original EPA estimates of $80 to
$100 million to industry estimates approximating $400 to $800 million.

The purpose of this portion of tbe background document is to present the economic
analyses that the Agency has performed concerning a locomotive retrofit progrmn:

• The analysis of the economic effects of retrofit as presented in the original back-
ground document.

• Subsequent economic cost and impact analyses of retrofit that constitute refinements
to the original analysis.

These studies have been trouble to reconcile the differences between Agency and the Rail-
road Industry positions on the economies of retrofit. Although the generation of additional
information concerning the availability of technology might allow the Agency to reconcile such
widely varying retrofit cost estimates, the collection of snell data would be a costly and time con-
suming process. Further that process may produce a retrofit cost estimate remaining substantially
high relative to the resultant public health and welfare benefits, especially since railroad noise has
not been identified as one of'the major sources of noise in the environment.

Such factors were the major reasons for the Agency decision to remove tbe retrofit require-
ment from the final regulation.
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INITIAL ECONOMIC ANALYSIS

Tile Impact on the Railroad Industry

General hnpaet

Tile engineering data gathered from discussions with w_riousmanufacturers and railroad

operating personnel were used to estimate tile direct cost of muffler retrofit by locomotive type and
mannfacturer. The differences in constrnction between switcher and road locomotives required
that these be treated separately. The three categories of direct cost are mufflers, additional hard-
ware, and labor. Since each make of locomotive is unique, it was necessary to make separate
analysesofeachtype. The eostare_showninTable 7-1. The retrofit costs assoeiated with tbe

various types of locomotives are based on the designs of several common types, which make up
about 90 percent of the population. For some locomotives, retrofit eosts_may be significantly
Ifigher than the figures shown here. This may be the case, for example, Ibr several hundred units
that, although originally conforming to one qf tile common designs, have been heavily modified

during service so that their configurations now present difficult hardware problems to a muffler
installer. Also, there are some 1000 older road locomotives manufactured by Alto and Fairbanks-
Morse and owned by a total,of 22 railroads, the design of which may render muffler installation

difficult. The Agency has been advised that these units are, in fact, in the process of being replaced.
Thus, this discussion assumes that such units will be retired from service during the compliance
period,

TABLE 7-1
MUFFLER COSTS* PER LOCOMOTIVE

(SoUrce: Manufacturers' and Operators' Estimates)

Locomotive Manufacturer and Type

GM GM GE Other Other
Time of Installation .Road Switcher Road Road Switcher

New Production $3000 (RB) $200 - 500 $1500

2500 (TC)

Muffier Only 1500 200-500 1500 1500 500-800

Additional Hardware 200- 500 1500 - 2500 1500- 2500 -

Labor @ 5.80/hr 464- 1163 46 187 187 46

Total $2164-3163 $246-546 $3187-4187153187-4187 $546-846

(RB) = Rootes Blown

(TC) = "l'urbocharged
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The estimates of tile direct cost of mufflers and additional materials were gatbered from

locomotive and muffler manufacturers. Tile sources of tile data on required labor input were loco-
motive manufacturers, muffler manufacturers, and mumtgemmrt personnel of selected railroads.

An hourly wage rate of $5.80 was arrived at by taking total compensation of maintenance
persormel as reported in annual hlterstute Commerce Commission (ICC) sunlmaries and dividing
by total hours worked.* Although this wage rate probably includes some overtime compensation,
it may be an accurate reflection of tile true labor cost, since some retrofitting may be done at the
overtime rate. We assume tbat the current mix of straight time and overtime will be used in tile

retrofit program.
No capital costs for maintemmcc facilities were assigned to tile retrofit program. Annual

compmrsation statistics and discussions with tile Association of American Railroads indicate that
the roads have been gmlerally cutting back tbeir maintenance staff over the last decade, while not
necessarily reducing the size of tbair plant.** Frequently, therefore, excess physical capacity would
be available for a retrofit program. In an economic, although not necessarily an accounting sense,
such. excess capacity can be utilized at zero cost.

Tile next step was to determine how many of each type of locomotive are ill service. The
May 1973 issue of Railway Locomotives" and Cars lists, by railroad, the make and horsepower of

each locomotive in service. In most cases, the horsepower of the engine could be used to determine
whether it is a switcher or road locomotive. General Motors (GM) produces both a 1500-hp switcher
and a 1500-1up road locomotive, but because road locomotives outnumber switchers by about seven to
one, we assumed all GM 1500-hp locomotives to be road locomotives. This biased the cost esti-
mates upward by u small amount. Table 7-2 shows the distribution of locomotives by type and
manufacturer, both nationally and for each of tbe three ICC regions.

Total direct cost of the retrofit program was obtained by multiplying the cost per Ioco._
motive by the number of locomotives and is given in Table 7-3 in terms of minimum and maximum
costs for each region and for the entire nation. Normally, some locomotives would be retired
during the compliance period and, therefore, would not incur retrofit costs. (Their replacements
would presumably have been quieted at the factory.) This consideration has not been included here,
because it is difficult to forecast replacement rates in the light of an endemic shortage of motive
power such as presently exists. If we assume, instead, that past retirement rates (about 2000

units per year from 1965 through 1969) are cut in half due to the shortage of locomotives, this
will result in 5000 fewer units needing muffler retrofit for a 5-year compliance period and 2000

fewer over a 2-year period. The total cost estimates projected would then be high by about 20
percent and 8 percent for the two compliance periods, respectively.

* All railroad data presented in this section come from Interstate Commerce Commission,
Transportation Statistics In the U.S.,(1971) [67] unless otherwise specified.
**Sources in the AAR state that this may not be the case for roads that have recently modernized
their plants and that may have divested themselves of some unneeded facilities. In these cases,

according to the AAR, the cost of installing or renting the needed plant and equipment may
signifioantly increase retrofit costs. Unfortunately, precise estimates of capital stock in main-
tenance facilities do not exist.
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TABLE 7-2

DISTRIBUTION OF LOCOMOTIVES BY MANUFACTURER, TYPE, AND REGION

(Source: "Railway Motive Power, 1973," Railway Locomotives and Cars, May 1973)

Manufacturer Region
and

East South West
Type Total (29 Roads)* (8 Roads)* (22 Roads)*

GM Road 16,155 7,006 2,026 7,123

GM Switcher 2,811 1,462 304 1,045

GERoad 1,930 878 230 822

OtherRoad 1.737 1,052 289 396

Other Switcher 1,504 734 139 631

*Numberof roadsineachdistrictobtainedfromICC,op. cir. Otherlistingsof roadsmaynottallywith
thisone,duetovaryingmethodsofaccountingfor mergers,subsidiaries,etc.

TABLE 7-3
TOTAL DIRECT COST OF RETROFIT PROGRAM

(Millions of Dollars)

Locomotive Manufacturer anti Type

Region GM GM GE Other Other Total
Road Switcher Road Road Switcher

East

max, $22.160 $0.798 $3.676 $4.405 .$0 621 531.660
min, 15,161 0.360 2.798 3.353 0.401 22.073

West

max, 22.530 0,570 3,442 1.659 0,534 28.735

min. 15.414 0.257 2.620 1,262 0,345 19.898

South

max. 6.411 0.166 0,963 1.210 0.118 8.868

rain, 4,386 0,075 0,733 0.921 0,076 6,191

National

max. 69.263

mid. 48,162
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'Die annual direct costs in Table 7-4 were derived from Table 7-3 by dividing total cost by
the number of years allowed to complete the retrofit progrmn. In addition, the annual cost for
2- and 5-year compliance periods is shown as a percentage of tbe 1971 net operating revenue.
It should be noted that we are assuming 2 and 5 years beginning at tile tinle the tortfiler becomes
available. Generally, mufflers frill not be available until 2 years after tbe regulation is promulgated,
so that tile 2-year program will not be completed until 4 years after promulgation, and the 5-year

program until 7 years after promnlgation.
It appears that the direct cost of a retrofit program will not constitute a significant burden

on the railroads. Total direct cost is iavariant with respect 1o compliance period, ahiloagh annual
cost is not. Ammal cost is, therefore, probably a more relevant measure of the financial impact on
the railroads,

The direct cost of retrofitting mufflers is only part of the total cost, however. If retro-

fitting requires that locomotives be taken out of service, and if the railroads have no excess capac-
ity with respect to locomotives, titan there will be some loss of revenue. At present, most railroads
are operating a full capacity. The number of locomotives has decreased slightly from 1965 to 1973
(from 27,988 to 27,041)although total horsepower did increase from 52 million in 1971 to 55

million in 1973. It appears, therefore, that capacity has remained about constant or has decreased
slightly while demand has increased, It seems nnlikely that tile present high volume ofgndn

shipments will continue beyond a year, Other factors, however, indicate that the current high
levels of capacity utilization will probably continue into the future.

One of the developments that will tend to keep rail transportation at a high level of
capacity utilization is tile "energy crisis." A general fuel shortage favors the railroads over other
modes of transportation. An increase in coal output, whdch seems inevitable, would stimulate
rail freight volume. Coal, because of its low value per ton, is hauled almost exclusively by rail.

A further impact of a general fuel shortage would be to potentially degrade the quality and
cost of truck transport relative to rail service. Restricted speed limits could induce delays and

uncertainties in truck schedules, Fuel price increases would have a greater adverse impact on
trucks than on rail, since trucks use 3,2 times as much diesel oil per too-mile of freight. As a result

transportation demand would tend to shift from trucks to rail. The net effect of these considera-
tions is to support the assumption that railroads will be operating at close to full capacity for the
next 5 or so years. This means that locomotive downtime due to retrofit may likely result in lost
revenues.

One way in which operators may overcome this problem is to buy new locomotives to
take the place of those being retrofitted. Such a procedure would virtually eliminate the indirect
cost associated with the retrofit. This is an option, however, only if the locomotive mannfactnrers
can produce the extra units. At present, according to locomotive manufacturers, locomotive pro-
duction is below demand even though production facilities are operating at full capacity. It is
reasonable to assume that conditions of motor power shortage relative to demand for transpor-
tation will persist throughout the compliance period, resulting in lost revenue when units are
removed for retrofit, i

The time lost may be significantly reduced by scheduling retrofits during regalar locotno-
tire maintenance. Nationally, the average maintenance cycle is 4 years for an intermediate overhaul

and 8 years for a heavy overhaul. Tile length of the cycle for an individual railroad is a fimction of
locomotive mileage. Table 7-5 shows the .national average adjusted regionally to reflect different
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TABLE 7-4
ANNUAL DIRECT COST OF 2- AND 5-YEAR RETROFIT PROGRAMS

Total Direct Cost Cost as Percentage of
(thousands of dollars) Net Revenue

Region 2-Year 5-Year 2-Year 5-Year

Max. Min. Max. Min Max. Min. Max. Min.

National 34,632 24,082 13,853 9,633 1.35 0.94 0.54 0.38

East 15,830 11,037 6,332 4,415 2.04 1.42 0.82 0.57
South 4,434 3,096 1,774 1,238 0.82 0.58 0.33 0.23

West 14,368 9,949 5,747 3,980 1.09 0.75 0.,14 0.30



TABLE 7-5

AVERAGE MAINTENANCE INTERVAL BY DISTRICT (years)
(Source: 19711CC Statisfics and Operators'Esfimates)

Regional Average Maintenance
Type of Interval (Years)*

Maintenance
National East South West

Intermediate 4,0 5.5 4.0 3.5

Heavy 8.0 I1.0 8.0 7.0

"Thesefiguresdonot Includetheaffectsofdeferredmaintenanceaspracticedby someroadsin financialdistress.

average locomotive miles per year, The maintenance cycle is shortest in the West, where
locomotives travel more miles per year and longest in the East, where miles per year are lowest.

An intermediate overhaul generally takes about 2 to 3 days, while a heavy overhaul takes

about 14 days, The estimated time required to retrofit a muffler ranges from 3 days for a GM
road locomotive to 1 day for a switcher. Table 7-6 shows the number of lost locomotive days

charged to retrofit under different conditions. Line 1, for example, gives lost days by type of
locomotive if the locomotive is taken out of service specifically for retrofit. One can see that

there are no lost days for any type of locomotive if all retrofitting is done during heavy overhaul.

TABLE 7-6
DAYS LOST DUE TO RETROFIT

(Source: Manufacturers' and Operators' Estimates)

Locomotive Manufacturer and Type

Basis of Retrqfit* GM GM GE Other Other
Road Switcher Rohd Road Switeller

If done by itself 3 I 2 2 1

If done during regular
intermediate oveflmuls I 0 0 0 0

If done during regular
heavy overhaul 0 0 0 0 0

IAIIumBI no losttimeduetotravelto andfromshopandnomufflerretrofittingdoneduringemergencyrepairs.
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As is showo, the total lost locomotive time due to muffler retrofits depends on how many
locomotives can be treated during tile normal maintenance cycle, Table 7-7 shows tile expression
used to compute total lost days for each line or district. The first terra represents the time lost by

GM road locomotives undergoing intermediate overitaul. The.remaining three terms account for
time lost by those locomotives that will not be due for routine maintenance during the compliance
period and that, therefore, most be specially called in for muffler retrofit. (Recall from Table 7-6
that, except for GM road locomotives, units undergoing intermediate or heavy overhaul will
experience no extra time lost doe to retrofitting a muffier.)

Tile equation in Table 7-7 has been used to compute lost locomotive days for each region.
These have bean summed to give a national total. The figures are shown in Table 7-8. Two com-
pliance periods arc used to illustrate the decrease in lost time with a longer retrofit period. We
see from tbe table that increasing the period front 2 to 5 years results in a decrease of the lost
locomotive days per year by 70 percent.

TABLE 7-7
EQUATION FOR TOTAL LOST TIME PER DISTRICT

1

LT = [NGM x 2Tm X Y X Iday]

+

' (= 2 NGM × l day for 1 - ira _ 0

where Y = number of years allowed for retrofit

NGM = number ofGM roadlocomotives

NGE O = number of GE and "other" road'locomotives

NSW = total number of switchers of all makes

Tm = time interval for "Intermediate" maintenance
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TABLE 7-8

LOST LOCOMOTIVE DAYS BY REGION AND COMPLIANCE PERIOD

Region
Compli_mee Lost

Period Locomotive J East South West

Days NatlonaI* I (29 roads) (8 roads) (22 roads)2-year Yearly ] 7,048 9,252 2,143 6,378

program Total 34,096 18,504 4,286 J7,048

5-year Yearly 2,044 1,129 203 712

program Total 10,220 5,645 1,013 3,562

"Locomotivedayslostnationallyisnotthesumof thethreeregions,sincethenationalwascalculated

# usinganaveragernaintonancecycleandtheregionalwasadjustedto reflectdifferentutilizationrates.

A oh;rage in the compliance period affects only tile number of lost locomotive days. The

direct cost of the retrofit program does not change. If we take the total number of lost locomo-
tive days resulting from a 2-year period and assign it tile number 1, then the total number of lost

days for a 3-year program is 0.76, the total of a 4-year program is 0.52, and the total of a 5-year

program is 0.29, As the compliance period is lengthened, lost locomotive days decrease; thus, the

indirect cost of the program decreases,
The calculations of hist locomotive days must be translated into dollar costs, A number

&problems arise in calculating the value of a locomotive. First, should a distinction be made

between road locomotives and switchers? It seems desirable to treat the transportation revenue

earned by fail service as being earned by both road and switch engines, since the lack of either

(if both are used to full capacity) would cause a reduction in service. We have therefore assumed

that each has the same value per day,
Secondly, what value should be assigned to a locomotive-day? If=ill roads are operating

at full capacity, then removing a hiaomotive causes a daily loss of revenue amounting to the value of

one locomotive-day. A locomotive-day is thus evaluated at the value of the average product. This

technique is further justified in capital theory, which states that the value of a piece of capital is

the present value of its discounted future stream of earniogs; that is,the present value of the

marginal product.

Given the conditions just stated, the value of a locomotive-day was calculated by taking

total transportation revenue and dividing by the total number of locomotive days available.
Table 7-9 shows these calculations nationally and regionally. Table 7-10 gives estimates ofthn

indirect costs of a 2- and 5-year retrofit program by ineorporalhig the lost locomotive-days from

Table 7-8 and the value era locomotive day from Table 7-9. Note that the shorter the compliance

period, the larger the total indirect costs, This is a function of the increase in the number of lost
locomotive-days as the compliance period is shortened.
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TABLE 7-9

REGIONAL ANNUAL REVENUE PER LOCOMOTIVE DAY

,, Region
National East South West

Total tranportation
revenue (millions of $) $12,417 $4,497 $ 2,121 $5,799

Transportation revenue
per locomotive day ($) 1,251 I,I 86 1,256 1,304

TABLE 7-10

ESTIMATED LOST REVENUE DUE TO RETROFIT

(Thousands of Dollars)

2-Year Program 5-Year Program
Region

Per Year Total Per Year Total

National 21,982 43,963 2,5S7 12,7S5

East 10,973 21,946 1,338 6,690

•South 2,692 5,383 254 1,270

West 8,317 16,634 928 4,640
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Table %11 arrives at the annual net retrofit cost by combining tile direct and indirect costs and
subtracting the reduction in operating costs that would occur as a result of a reduction in traffic,
Cost reductions were determined from the ICC detailed accounts and include the following:

Account No. Description

365 Dispatching Trains
367 Weighing, Inspection. and Demurrage Bureaus
368 Coal and Ore Wharves
371 Yard Conductors and Brakemen

373 Yard Enginereen
374 Yard Switching Fuel

• 382 TrainEngineman
383 Train Fuel
387 Trainmen

388 TrainSuppliesandFuel
• 395 Employees' Health and Welfare Bureaus

The estimates of cost reductions used here are much lower than those used by the ICC.*

They have claimed that 80 percent of costs are out of pocket or variable costs. This might be true
if railroads were curtailing ser,'iee in the face of falling demand. Variabel cost may constitute 80

_rcent of total cost, but the situation dealt with here is an unplanned reduction in capacity in
the face of full utilization of equipment, Under these circumstances, it seems unlikely that the
railroads _vould curtail other operations but rather that they would attempt to offset locomotive
shortages by changes in labor and equipment usage patterns, In addition, if there are adjustment
costs and since the cutback in capacity is temporary, tile railroads would be expected to respond
differently from a situation in which tire reduction was anticipated to be longer. Table 7-12 gives

t/re total net cost of ine 2- and 5-year programs, Again, it points up the cost _lifferential associated
with different compliance periods. Much of the computed retrofit cost is the result of lost revenue
to the railroads, Figure 7-1 shows the breakdown of annual cost into direct and indirect com-
ponents for compliance periods of 2 to 5 years.

The annual costS shown in Table 7-11 are best understood in the context of total operating

revenue for each region. Table 7-13 shows that the eastern roads would pay a higher percentage of total
total revenue toward a retrofit program than would the other regions.

*See U.S. Interstate Commerce Commission, Bureau of Accounts, Explanation of Roll Cost
Finding Procedures and Principles Relating to the Use of Costs. St. 7-63, Washington, D,C.,
1 November 1963 and U.S, Interstate Commission, "Rules to Govern the Assembling and
Presenting of Cost Evidence," Docket No. 34013,321 LC,C.
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TABLE 7-11

ANNUAL NET COST OF RETROFIT

(Thousands of Dollars)

Direct Cost National East South West

2-year program

max $34,632 $15,830 $4,434 $14,368

min 24,082 11,037 3,096 9,949 I

5-year program

max 13,853 6,332 1,774 5,747

rain 9,633 ' 4,415 1,238 3,980

Indirect Cost

5-year program 2,557 1,338 254 928

Reduction in
Operating Costs

2-year program 4,964 2,748 555. 1,856

5-year program 597 335 53 207

Net Cost

2-year program
max 51,650 24,055 6,571 20,829

rain 41, 100 19,262 5,233 16,410

5-year program

max 15,813 7,335 1,975 6,468

min 11,593 5,418 1,439 4,701
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TABLE 7.12
TOTAL NET COST OF RETROFIT PROGRAM

(Thousands of Dollars)*

Compliance National East South West
Period Max Min Max Min Max Min Max Min

2years 103,300 82,200 48,110 38,524 13,142 10,466 41,658 32,820

3 years* 95,221 74,121

4 years* 87,143 66,043

5 years 79,065 57,965 36,675 27,090 8,875 7,195 32,340 23,505

*TheserepresentlinearInterpolationsOfthe2-and5-yearprograms,

TABLE 7-13

ANNUAL RETROFIT COST AS A PERCENTAGE OF 1971 TOTAL
OPERATING REVENUE

Compliance National East • South West

Period Max Min Max Min Max Min Max Min

2 years 0.42% 0.33% 0.53% 0.43% 0.31% 0.25% 0,36% 0.28%

5 years 0.13% 0.09% 0.16% 0.12% 0.09% 0.07% 0.!1% 0.08%

"Net operating revenue is defined as transportation revenue minus variable transportation costs. Subtracting

rents, taxes, and interest payments from n0t operating revenue gives net operating income,or profit from

freight operations.

7-13



60

I"1

EO '_ [] TOTALANNUALCOST
\

O DIRECTANNUALCOST
\40

_ 30 --

_ 2o

1Q

o ! I I I I
2 3 4 5 6

COMPLIANCEPERIOD(YEAflS)

Figure 7-1. Cost of Retrofit Program as a Function of Compliance Period

7-14

p

I



Annual retrofit cost as a percentage of net operating revenue* gives the best indication of tile

rail industry's ability to pay for a retrofit program (see Table 7-14). Retrofit constitutes a small per-
centage of net operating revenue both nationally and regionally, As we have seen earlier, however,
tile eastern railroads will pay the highest percentage of net revenue for the retrofit program. This
partly reflects the fact tbat eastern roads as a group tend to earn less profit than roads in other
rogiolls.

TABLE %14
ANNUAL RETROFIT COST AS A PERCENTAGE OF 1971 NET

OPERATING REVENUE

Compliance National East South West

Period t_lax Min Max Min Max Min Max Min

2 years 1.96% 1.56% 2.48% 0.31% 1.22_ 0.97% 1.58% 1.24% I

5 years 0.60% 0.44% 0.95% 0.70% 0.38% 0.27% 0.49% 0.36%

Bankrupt roads constitute a special subset for which financial and operating problems are
substantially different than for normal roads. This subject will be treated elsewhere.

To give a more detailed picture of the industry's ability to pay for a retrofit program, program

cost as a percent of net operating revenue h;ts been computed for each Class I railroad (including
bankrupt roads but excluding those with negative net revenues), Figure 7-2 shows how the rail-
roads are distributed with respect to cost.to-net revenue ratio. The figure shows that the impact

of a 2-year program is much greater than that of a 5-year program,

77zebnpact on l_largiaal Railroads

The adverse effects of extra operating costs is greater on firms in financial distress than those
that are healthy. Tiffs is of concern in the ease of the railroads, because a number of them face

difficulties in maintaining profitable operations. It is important to estimate the num her of rail-.
roads that may have trouble paying the cost of a retrofit program even though the magnitudes of
the exp¢nses involved in sueh.a program are small relative to other expenses faced by the railroads,
(For example, a 30-percent increase in the price of diesel fuel would tnerease operating costs by roughly
$125 million.** This would represent from 2.5 to 12.0 times the annual cost of a muffler retrofit
program, depending on the compliance period allowed.)

*Net ope_ting revenue is defined as transportation revenue minus variable traosporatinn cos.ts.
Subtracting rents, taxes, and interest payments from net operating revenue gives net operating

income, or profit from freight operations.

**This figure is computed by nstng as a baseline the total cost of fuel for all Class I railroads in 1971,
wldeh was $417 million [671.
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This section attempts to gaugethe extent of the problemposed tn paying for a retrofit
program by determining how many railroads are in financial distress. This isdone by computing,
for each road, several financial ratios that are generally accepted as indicating the financial condition
of a business enterprise. A summary of the number of roads with unfavorable vah_esfor each ratio
is tllen given. This ted|nique does not give a quantitative definition of which railroads cannot
afford a retrofit program, At best, it givesa rank ordering, '/'he eutoffvalue that determines
financial distress is arbitrary.

The following financial ratios were computed:

1. Current assets/total assets
2. Operatingratio (operatingexpenses/operatingrevenues)
3. Total liabilitieslessstockholder equity/total assets
4, Income after fixed charges/total aSSets
5, Retained earnings/total assets
6. Net income/totalassets
7. Net income/opemtingrevenue

All bankrupt roadsare excluded from this discussion, whichis concerned only with roads
that have not been declaredbankrupt but that may be in financial distress,

In most eases these ratios parallel those used by Edward Airman [1]. Ratios 1 and 2 are
measures of the liquidity* of a railroad, while 2, 4, 6, and 7 aremeasuresof profitability and
efficiency. Ratio .3measures solvency.

Withrespect to ratio I, the analysis seems inconclusive. A largenumber of roads had
ratios of current to total assets in excess of three standard deviations from the mean, This indi-
cates that the distribution of valuesof thisratio did not approximatea normal distribution. This

being the ease, ratio 1 doesnot constitute a valid indicatorof which roads may be in distress.
The analysis of ratio 5 (retained earnings/total assets) indicated that 14railroads have

i negative retainedearnings,while 2 have zero, showing that theseroadslack liquidity, While internal
' financing may not beimportant in the railindustry, the negativeretained earningsindicate that

these roads aredrawingdown cash rese_es,**
The most commonly used measure of profitability Is2, the ratio of operating revenue to

operatingexpenses, Threeroads have operating ratios fftenterthan one, indicating that expenses
exceed revenue. An additiopalseven roads have operatln8 ratiosmore than three standard deviations
higher than the mean. Certainly,the three roads andpossibly some of the sevenmust be considered
to be in an adverse position. Ratios 6 and 7 are similarmeasures, in that a road with anegative net
income willhave a negativeratio for both 6 and 7, Six fends have negative net Incomes, In addi-
tion, two other roads must be considered to be pear perforrnera as measured by the ratio of net
income to total asse!s (6).

*Liquidity is the ability of a firm to convert assets Into cash,

**This may also representan insufficient amount of funds allocated to depreciation.
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Ratio 4 indicatesthat nine roads have negative income and two havezero income after
fixed charges. These roads are unprofitable by definition, Tile ratio of total liabilities (less stock-
holder equity) to total assets (3) appears to havealso yiehled inconclusiveresults. One road stands
out as being axtraalely poor by this measure, and there are four other roads for which this ratio is
greater than one.

A word of caution should be issued in tile interpretation of any ratio that uses total assets.
Under tile betterment accounting procedure, total assets tend to be inflated. However, to the
extent that this bias is uniform throughout the industry, it is possible to compare different roads.
It is not possible to compare these ratios with other firms outside the rail industry,

Table 7-15 summarizes the preceding findings with respect to the named ratios, As
mentioned before, the table lists worst-performers as indicated by each ratio, the cutoff point
being arbitrary. More significant is Table 7-I6, which shows how many of tile railroads contained
in tile previous table appear under more than one ratio, Table 7-16 shows that 12 roads are in
distress witb respect to three or more indicators. It can reasonably be presumed that these 12,at
least, could have difficulty in financing a retrofit program.

Tileb_lpact on Bankrl_ptRailroads

Of the 71 ClassI line-haul railroads in tile United States, 7 are bankrupt: Boston and Main,
Central Railroad of New Jersey, Erie Lackawanna, Lehigh Valley, Penn Central Transportation Co.,
Tile Reading Co,, aud Ann Arbor, These seven railroads operate about 20 percent of the locomo-
tivesowned by ClassI railroads in the U.S, Not surprisingly, the total cost of retr0fit for these
roads (see Table 7-17) isabout 20 percent of the total cost for the entire muffler retrofit program.

These railroads willhave difficulty financing the cost of a muffler retrofit program. There
is no question that the financial positions of thrse roads arc bad. All seven have negative net
income, and are:currantly meeting their deficits in part by drawingdown cash reserves, Manyof
these roads are currently receiving some form of subsidy, and all are in default on interest payments,
bonds, and taxes.

TimImpact on Usersof Rail Transportation

The effect of a muffler retrofit programmay be felt by railroadusers in either or both of
two ways. First, the possibility exists that the railroads may try to recover their retrofit expenses
through a rate increase, Second, the withdrawal of locomotives from service could result in
reduced hauling capacity and a consequent decline in the quality of sarvice. Either of those develop-
ments would tend to encourage some shippers to go elsewhere for transportation services. This
discussion examines the possible magnitude of these effects,

171e_ffect on Railway Freight Rates

The ability of the rail industry to recapture the cost of a muffler retrofit program depends
on the eharaaterisrics of the market it faces. The establishment of AMTRAK and the low volume

(and high price elasticity) of passengerserviceprobably precludes the railroadsfrom recoveringany
of the retrofit costs through increases in passenger fares. Rather, increased revenues would he
more likely to come from increasing freight rates.
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TABLE 7-15

NUMBER OF RAILROADS IN UNFAVORABLE FINANCIAL
POSITION RELATIVE TO EIGHT INDICATORS

(For Each Indicator, Railroads Listed in Order of

Increasingly Favorable Position)

F

Indicator Number of Roads in Unfavorable Position

I. Current assets/totalassets Inconclusive

2. Operating ratio 4 roads greater than 1(expenses > revenues)
4 roads between I and .85

3. Totalliabilities (less stockholders' 3 roads greater than 1

equity)/tota] assets 2 roads equal I
2 roads between .99 and .71

4. _Income after fixed charges/ 8 roads negative
totalassets 1road zero

5. Retained earnings/totalassets 13 roads negative
Iroad 'zero

6. Net income/total assets 4 roads negative

4 roads zero

2 roads positive but less than .011

7. 'Net'income/operatingrevenue 4roads negative
2 roads zero

2 roads positive but less than .031
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TABLE7-16
NUMBEROF RAILROADSDESIGNATEDAS BEINGIN FINANCIAL

DIFFICULTYBYONE ORMOREFINANCIALINDICATORS

Numberof Financial Indicators, Number of RailroadsAppearing

N, in Table7-15 under N Indicatorsin Table 7-15

I 7

2 2
3 6

4 3

$ 2

6 1

TABLE7-17

NET COSTOF MUFFLERRETROFITPROGRAMFORTHE
SEVENBANKRUPTCLASSI RAILROADS

AnnualCost Total Cost
Length of

Program
Max Min Max Min

2 Years $10,569,000 $8,393,000 $21,139,000 $16,786,000

S years 3,197,000 2,326,000 15,984,000 11,631,000
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Freight rate increases must be approved by the ICC. Inquiries to the ICC indicate that the
Commission places no a priori lindts on the magnitude of rate increases that may be requested.
It is entirely the railroad indastry prerogative to decide if requests for rate increases are to be
submitted to cover tile costs shown in Table 7-12. Any cost factor could form a legitimate basis
for increasing rates to recover costs. Furthermore, the ICC is considering environmental aspects in
its rate determination. As a result of litigation involving the environmental effects of various rate
structures, the ICC has prepared serveral Environmental Impact Statements showing their concern.*

In summary, there are strong indications that the rate increases that could be requested by
railroad companies 1o defray the costs of noise reduction would fall within tile practice of'the ICC.
No a prlort bias would be applied by ICC agents, and they could be expected to act with. a positive
attitude toward the objective of improving the quality of the environment.

To place the level of expenditure and possible freight rate increase in perspective, previous
cost increases and subsequent rate increases may be used for reference. In the ICC report served
4 October 1972, in Ex Parle 281, a rate increase for railroad freight was authorized. The railroads

claimed in their rate request that expenses had increased $1.312 billion from January 1971 to
April 1972. The authorized rate increases were:

• .National Average 3.44%**
• East 3,60%
• South 3.10%
• West 3.44%

These increases', if fully applied, would have increased revenue by $426 million; however, the most
usual case is that they are not fully applied. The industry estimates that only 85 percent, or $349

million, will actually be realized,***
Since the rate increase of September 10, 1972, costs have risen by $930 million. About

80 percent of this rise has stemmed from wage increases and increased payroll taxes, In light of
these higher costs, in April of 1973 the railroads applied for a 5-percent rate increase. Tile maxi-
mum cost of the 2-year muffler retrofit program is about $51 million, which is only 5.5 percent of
the $930 million cost increase that led to the request for a 5-percent rate increase, The rail industry
claims that if the entire $930 million cost increase is to be recovered, it wil! require a 7.5-percent
increase in rates.****

*See ICC Docket, Ex Parte 281 and Ex Parle 344F, Supplement 927.
**The National average was calculated by using regional data.

***These figures come from estimates made by the railindustry. They assume that the elasticity
of demand is zero-an unlikely situation, The question of elasticity is considered later in this
section.

****Again, this estimate assumes that the elastinity of demand for rail service is zez'o.
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The amount of the recoverablecosts and the attendant freight rate increase necessarywill
depend on the elasticity of demand for rail freight.* The annual (maximum) retrofit costs for the
2-yearprogram represent about 0.4 pement of 1971 freight revenue, while the 5oyasr[minimum)
program represents only about 0.1 percent of freight revenue (see Table 7-13).

Data from Friedlaender [471 for'1961 have been used to calculate an overall rail freight demand
elasticity of -0.7. Using this elasticity, we can estimate the increase in freight rates necessary to
offset the increased costs. The freight increases are shown in Table 7-18. Also shownis the percent
these increases would represent of the 1971 averagerate per ton-mile, which was $.01594.

TABLE%18
RATE INCREASETHAT WOULDENABLE RAILROADS

TO RECOVER RETROFIT EXPENSES

Length of Rate Increase Percent of 1971
Program (Cents perTon-Mile) AverageFreightRate

2-year
max .0232 1.46%
min .0184 1.15

5-year
max .0076 0.48
rain .0057 0.36

Theserate increases must be interpretedcarefully. They werecalculated by using demand
elasticities derived from 1961 data. Since then, a number of changes have taken place that would
probably increase the elasticity of demand for rail servia.

• First, the near-completionof the interstate highway system has improved the service
rendered by trucks andhas reduced o_rating costs.

• Second, the rise in interest rates has made the cost of holding inventories higherand
might have madeshippersmore sensitive to other servicecharacteristics, causinga
downwardshift in the demand curveand potentially increasing its elasticity.

*Elasticity of demandis the ratioof the percent rise in quantity demanded to the percentrise
in pries. An elasticity coefficient of-0.1, therefore, indicates that a 10-pereent price increase
would result in a _l-pereent dearease in demand.

I
I
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• Third, shifts among the various commodity classes of freight might have resulted in an

increase in the elasticity. For example, if the price elasticity o(demand for rail service
is higher for mineral ores than for manufactured products and if the share of mineral

ores has increased relative to manufactured product, then 0re overall elasticity would
have increased.

We have attempted to make some estimates of the new elasticity, taking into account the shii't

in the distribution of commodities. The results should be interpreted only as tentative. We have
used the 1961 elasticities for each commodity group but have weighted tham by the 1971 com-

modity distribution.
Data from Friedlander [47] have been used to obtain the following elasticities for the five

m_jor commodity groups:

Commodity Elasticity

Agficultu_ 0.5

Animal products 0.6
Products of forests 0.9
Products of mines 1.2

Manufacturingandother 0.7

These figures represent the pre-1964 commodity classification used by the ICC. To determine the
current elasticity of demand, we used these commodity group elasticities and weighted them by
the current distribution of freight witldn these groups. These weighting factors are:

Commodity Elasticity

Agriculture .097
Animal products .0002
Products of forests .144
Products of mines .420

Manufacturing and other .387

To determine the distribution, it was necessary to take the current freight classifications and assign
them to one of these categories.

The overall elasticity/was calculated to be -0.953, significantly more than the estimate of
-0.7 obtained from Friedlander's data. Even more interesting is the distribution ofelasticitias by
district. To arrive at these estimates, it was necessary to assume that the rate per ton-rune for
each of the 19"/1 commodity classifications was equal for each of the three districts. Although
this is not the case, we believe tile errors to be small. The estimated elasticities are:

• East -0.99
• South -0.95
I West -0.83

7-23



These figures indicate that the eastem roads, which are in financial difficulty, would have the most

trouble recovering tile cost of a retrofit program. Tbe western roads, wbich, as a gt'oup, are the
most profitable, would easily recover the cost of a retrofit program.

Given the energy crisis, however, even this tentative amdysis may not be wdid. As discussed
earlier, railroads use less energy per ton-mile of freight moved than trucks, pipelines, or airlines. As
a result, taiIroads would be impacted lass than these other competitive modes by increases in fuel
costs.

It is not possible to accurately predict at tbis point, the effects of any rate increases the ICe
might grant to the railroads to recover the costs of a retrofit program. The possible effects of
increased rates on demands for rail service are directly related to the energy situation. If com-

petitive modes of transportation (i.e., trucks, pipelines, and airlines) are more severely impacted by
increased fuel rates, the fact that railroads increased their rates to cover the costs of a retrofit pro-
gram might well he insignificant.

The Effect on Quality of Service

It has previously been shown that, to accomplish a retrofit program within a compliance
period of 5 years or less, some locomotives would likely have to be withdrawn from service in
addition to those undergoing maintenance by the usual schedules. The number of locomotive-days
taken up in this manner is given in Table 7-19 in absolute nmnbers and as a percentage of locomotive
days available. If, under normal conditions, the railroads are operating at or near full capacity, then
the figures shown in the table represent the upper bound of lost freight hauling capability.

TABLE 7-19

ANNUAL LOCOMOTIVE DAYS TAKEN UP BY RETROFIT PROGRAM

Region
Compliance Locomotive .

Period Days National East South West

2-year. Absolute 17,048 9,252 2,143 6,378
% of Total
Available ,194% ,225% .197% .174%

5-year Absolute 2,044 l,129 203 712

% of Total
Available .023% .027% .0187% .0195%

The impact of decreased hauling capability on the various commodities slflpped by rail depends
on how the railroads react to the capacity decrease, There are two ways in which demand for rail
se_ice can be made to equal the available supply: non-price rationing or price rationing.

In the case of non-price rationing, the railroads could simply allow service to decline in quality
while maintaining the same rates. The resulting delays and uncertainties in the transporafion
network would have differential impacts on the various commodities being s_pped, Those items
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highly sensitive to the quality of service will tend to be diverted to other modes of transportation.
Commodities in this category are ]ligh-valoe products, for which transportation charges are a small
fraction of total value, and perishables.

Price rationing involves raising the price of service (with the approval of the ICC) to decrease
demand to the level of tile new, reduced capacity. Such a policy woaid affect commodities sensitive
to freight rates. Examples of these would be mineral ores and semi-finished products. Such goods

would tend to be shipped by other modes, or the quantity shipped would be reduced.
The probable magnitude of the effect of price rationing can be estimated. Table 6-19 shows

that, in the worst case, capacity would decline by about 0.2 percent nationally. A_uming that the
elasticity of demand for rail transportation is about -0.7 gives a price riseof 0.28 percent necessary
to effect the required reduction in demand. This amounts to an average increase of 0.004 cents
per ton-mile relative to the 1971 average freight rate, Tills increase is fairly small, so minimal changes

in transportation patterns may b! expected as a result of the retrofit program.

Summary and Condusions Concerning Initial Economic Analysis

lmpact on the Railroad Industry

Cost, The cost of a muffler retrofit program is highly senaltive to the compliance period
allowed, Maximum total cost for a 2-year program is estimated to be $103 million, Allowing 5
years for compliance would reduce tire total east to approximately $79 million.

Change In net revenues. The impact of a 2-year program would be to reduce overall Class 1

railroad annual net operating revenues by about 2 percent.

Effect on prices. For the railroads to recover the expense of a retrofit program would require
an average freight rate increase of approximately .023 cents per ton-mile in the 2-year ease and
.008 cents per ton-mile in the S-year case. These figures represent, respectively, 1.46 percent and
0.48 percent of the 1971 average freight rate.

Effect on capacity, A 2-year retrofit program would result in an annual loss of as many as
17,000 locomoilve-days, or about 0,2 percent of the total available, for the duration of the pro-
grams. This would drop to about 0,02 percent for a 5-year program.

Impact on marglnal rallroads. Approximately a dozen railroads are in financial dJfficuliles,
as indteated by the computed valuas of a number of stnndard financiai ratios. These toads may
have difficulty in raising the funds necessary to pay for a ratrofit program,

Impact on bankrupt railroads. Scvms toads are presently bankrupt, and may not be able to
finance a retrofit program without an external source of funds. The total program cost for these
roads would be $21 million for a 2-year program and $16 million for a 5-year program,
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Impact on Users of Rail Services

Prices. Increases in freight rates would tend to encourage some shippers to seek aitemate
modes of transportation. This would occur primarily among shippers of commodities having
prices sensitive to transportation cost, such as semi-finished products. It is not likely, however,
that the small rate increases foreseen by this study would cause any m_jor hardships or dislocations.

The energy crisis may make any railroad rate increases insignificant compared with competitive
modes of transportation, width would be more severely impacted by rising fuel costs.

Quality of service. A decrease in tile hauling capacity of the railroads may result in the
diversion of some freight to other modes of transport. Which commodities would be affected
depends on how the railroad would decide to reduce demand to the level of supply. If rates were

raised, the effect would be the same as discussed in the previous paragraph. If rates remained
constant but shipping delays were allowed to develop, commodities sensitive to transit time (such
as perishables) would be most affected. Such diversions, however, will tend to be localized and on
a small scale in view of the small reductions in capacity anticipated.

SUBSEQUENT ECONOMIC COST AND IMPACTANALYSES

The Cost of Retrofitting Mufflers on Locomotives

The costs of hlstailtng mufflers on operating diesel railroad locomotives fall into three categories:

1. Initial direct cost, consisting of the costs of materials (including the muffler and other

hardware), labor, capital (including the cost of new shop facilities if required), and testing.

2. Initial indirect cost, consisting of the net revenue lost due to taking locomotives out of
service for retrofit and the costs of developing suitable muffler designs.

3. Continuing oust, consisting of the annual costs of maintaining mufflers and costs of
extra fuel consumed by locomotive having mufflers.

This discussion contains detailed estimates of each of these cost categories. These estimates are
ref'mements of the cost estimates contained in the original fiaekground Document, refinements
made on the basis of questions raised in EPA Docket No. ONAC 7201002, and information sub-
mitred to that docket.*

The costs projected here are computed for muffler designs based on the analyses presented in

Appendices G and H. That is, the basic muffler designs are arrangements of expansion chambers and
baffles, with no internal sound-absorbing materials or unconventional chamber configurations. The
mufflers are presumed to effect a 10-dB reduction in exhaust noise level while meeting manufacturer

*Costs presented here are as of 1973, the last year for which complete data are available, unless
otherwise stated. The effect of inflation would be to raise the absolute costs by 8 to 10 percent
per year, but the percentage impacts would remain unchanged.
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warranty restrictions on additional backpressure (Sqn. H20 for turbocharged engines, 21-in. H20 for
Rootes blown). It is also presumed that the mufflers are designed to fit the space currently available
within or above the engine hood and to require no rearrangement of major internal components
such as dynamic brake assemblies. The feasibility of designingmufflers within these constraints
has beenanalyzed in Appendices G and H.

Initial Direct Costs

The initial direct cost of a muffler retrofit program is determined by:

• The cost of materials, including mufflers and other required hardware.
• The hourly cost of labor.
• The man-hours of labor required for retrofit.
• The cost of capital equipment.
• The cost of performing noise tests.

Cost n/Materials. The primary material cost incurred in a muffler retrofit program is the cost of
the muffler itself. Since no locomotive exhaust mufflers havebeen manufactured on a production
basis,there are no data on the actual cost of such units. Therefore, the probable cost of such
units willbe estimated on the basis of the current price of mufflers designed for similar dieselen-
gines, but not built for locomotive applications (i.e., without size restrictions). The example chosen
is the MaximM-31silencerdesigned for'a turboeharged 16-or 20-cyilnder GM645 seriesdiesel
engine. The 1975 list price of tiffs muffler is $2206, with discounts of up to 40 percent available
for volume purchases. Thismuffler averages20-dB attenuation over the band ranging from 37.5 to
5000 Hz, rueasures 14.3 ft long by 4.$ ft in diameter, and weighs 3200 lb. This unit is substantially
larger and more effective than would be required for locomotive exhausts, winch need only about
a lO.dBnoise reduction. Therefore, the price showu represents a highly consen,ative (i.e., over-
stated) estimate of the priceof mufflers for locomotives. Wehave chosen $1500 as a typical price
to be paid for a muffler to be installed on a turboeharged locomotive. This figure agmas with the
$1500 price price estimated for EMD series 20, 30, 35, 39, 40, and 45 locomotives by the A._soda-
tion of American Railroads [20].

The $1500 price appliesonly to turbocharged locomotives, which, according to the analyses
of Appendix G can have mufflers installed directly on the turboeharger outlet stack. Rootes-
blown road locomotives, on the other hand, typically have a space problem when mufflers are
added to the exhaust line, The most effective way of quieting such units, according to the Appen-
dix G analysis, is to enlargethe existing segmented exhaust manifold collector into a single manifold-
muffler. It is estimated that the cost of this will be the cost of a replacement manifold, whieh is
$3690 [20], plus $10O0to cover internal baffles and resonance chambers that may be required,
These figuresgive a total coat of approximately $4700 for muffling a Rootes-blown road locomotive.

Switchers, winch ar_Rootes-blown, do not have the space limitations of road locomotives, since
they haveroom for mufflers over their low hoods. Switchers, it is claimed, need their low hoods for
visibility,and mufflers would interfere with this visibility. The first half of this statement is only
partly true, as shown by the frequent use of old high-hooded GP7 and GP9 locomotives asswitchers.
The second statement is not tree at all, since the volume of the muffler can be distributed overthe
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length and breadth oftbe hood so that the vertical dimension need not be large. For example,
a muffler having the same volume as tire Maxim MSA-I for a 12..cylinder EMD 645E engine
(42.4 ft) could be built to have dimensions of 5 ft in width) I0 ft in length, and less than 1 foot
in height. This muffler would easily fit over the hood of an EMD SW1500 switcher with minimum
visibility interference.

The cost of switcher mufflers, therefore, is based on the price of a Maxim MSA-I muffler spark
arrester designed for a 12-cylinder Rootes-blown GM 645E engine, such as is used on an EMO
SW1500 switcher locomotive. The 1975 list price of tiffs muffler is $848, with discounts available
for quantity purchases. Therefore, $700 is selected as the 1973 price for switcher mufflers.

Some turbocharged road locomotives will require hardware changes to allow installation of the

muffler.* EMD turbocharged units will require heat shielding for dynamic brake cables, larger
turboeharger removal batches, and heavier turboehargur exhaust ducts. General Electric units will

require new roofs flint can accommodate the mufflers. The material cost for these hardware changes
isshown in Table 7-20,

TABLE 7-20

HARDWARE MODIFICATIONS AND MATERIAL COSTS FOR TURBOCHARGED
ROAD LOCOMOTIVES

Make ModificationRequired MaterialsPrice

Apply new turbochargerexhaust $ 8001
duct

EMD Replace turhocharger removal 3001
hatch

Apply heat shields to dynamic 251
brake cables

TOTAL $1135

GE Apply new hood roof $20002

ISource: Garin, p. 12in AAR, 1974 [201,

2Souroe: Estimate of P. Baker, General Electric Co., as stated to M. Rudd, BBN, August 1973.
The estimate assumes that the cost of body modification would include only the pur-

chase of a new, center cab section; the original side doors would be used again.

*Rootes-blown locomotives will require no modifications, because the muffler consists simply of

a larger manifold , having no effect on the locomotive internal an'angement or cab design,
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llourly Cost of Labor. Computed here is tile average cost of labor in railroad maintenance for
the year 1973, thelast year for whichstatlsticsareavailablc, The cost oflabor consists ofwages

finehiding overtime compensation), fringe benefits, and payroll taxes, Because tl_ese quanti:fies vary
depending on the quality of.labor, the average must be weighted for the prevailing mix of skilled
craftsmen and other employees, The average cost of supervisory labor must also be included,

Presented first is the average hourly wage rate for skilled and other workers. These were
obtained by dividing the total 1973 compensation by the total hours worked for each of the two

labor categories. The result is shown in the third eolunm of Table 7-21 for the three U.S. railroad
regions.

The next step is to determine, for each labor category, the average wage rate times an appropriate
multiplier for fringe benefits and payroll taxes, AAR Sources [5] indicate that this multiplier is
1.16 for all regions. The result is shown in the last column of Table 7-21.

TABLE 7.21
AVERAGE 1973 HOURLY WAGE RATE FOR SKILLED AND

OTHER WORKERS

Labor Region Compensation I HoursWorked I AverageWageRare_ AverageHourly
Category ($ millions) (million) including Overtim_ Labor Cost

(S/hi) ($/br)

East 457.9 69.3 6.61 7.67
Skilled South 162.7 25.1 6.49 7.53

West 458.2 68.9 6.45 7.'/2

East 91.7 17.9 5.12 5.94
Other South 39.9 8.3 4.83 5.60

West 112.6 22.2 5.07 5.88

lgourcc: Botts, 1973.

The third step is to combine the skilled and other labor costs for each railroad region, weighting
the average according to the appropriate labor mix, For all Class I railroads in 1973, the skilled

crafts represente d 84 percent of the hours paid for under the category Maintenance of Equipment
and Stores,* The r_maining 16 percent were other laborers, The resulting weighted average hourly

labor costs for each region are shown in the first column of Table 7-22. To obtain a national average,
the regional figures are weighted according to the percentage of locomotives found in the last column
in Table 7-22,

*Source: ICC Statement A-300, 1973.
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TABLE7-22
1973 WEIGHTEDAVERAGEHOURLYLABOR COSTDEVIATION

Weighted Hourly National Weighted
Region Average Hourly WeightingFactor2 Average Hourly

Labor Cost 1 (% of Locomotive Labor Cost
($/ht) Population) ($/hr)

East 7.47 36

South 7,22 18 7,41

West 7,43 46

ISource: Computation in text,

2Source: Computed from.ICCTransportationStatisitcs, 1973.

3Excludes supervisory labor. Add $,0.51 per hour to account for supervision;see text.

The computation so far does not include supo_ision, Supervisorypersonnel make up about
6 percentof the labor input in the Maintenance of Equipmentand Storesaccount, and their average
compensation was about 15 percent higherthan the averageof allworkersin that sector. Multiply-
ing 0.06 × O.15 X $7.41 givesa figure of $0.51 per hour, which isadded to the average labor cost
to obtain a total of $7,82 per hour.

Labor Required for Retrofit. The estimates of requiredretrofit labor givenin the Background
Document were based on Informal discussionswith railroadmaintenancepersonnel. Since that time,.
the Association of American Railroads has submitted detailed information to the docket on this
topic, A summary of the labor hours by work item and the total laborcost per locomotive is given
in Table7-23.

Co_tofCapltalEqulpment. The mufEer ratrofit prod'amwill hecarriedout primarily in railroad
Hops. If the maitanance shops do not have enoul_ unusedcapacity to perform the work, they wIU
have to acquirehaw facilities. In the latter case, the cc_t of such facilitieswould ba charged to the
setroflt prom"am.

Peabodyand A_oclatos [57] haveestimated that the eurent levelof excess capacity In rail diesel
shops,unadjuetedfor possibleretirelnents, is 14.3 percent. They calculated this figure by taking the
level of expenditures adjusted to constant dollars for eachyear from 1969to 1973 and by taking the
year tn which expenditures Werehighest as defining the level of full capacity. An annual productivity
increaseof 1,0 percent was allowed for.

In addition to using total maintenance expenditures asan indicator, excess capacity can be
estimated by examining the labor hoursIn that sector; labor hours represent a physical measure of
Input, If it is assumed that the ratio of capital to laborrequired to maintainlocomotives did not
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TABLE7-7.3
LABORMAN-HOURSAND TOTALLAliORCOSTFORMUFFLER

RETROFITPROGRAM

Man-Hours Cost

Locomotive Item per Locomotivel @ $7.92/hr

Exchange turbocharger duct 33 $260
and turboramoval hatch

Turboeharged Apply heat shields for dynamic 9 73
road brake cabins

Apply muffler 9 73
TOTAL 5"_ _466

Rootes-blown Replace manifold 9 $ 73
Road with manifold silencer

Switcher Apply muffler 9 $ 73

ISource: Obtained by dividingAAR labor cost for eachitem (Garin,pp. 12, 16, and 17 in
AAR 1974) by the AAR "labor rate" of S14.00. The AAR"labor rate" includes
shop overhead;i.e., cost of capital equipment, which is treatedseparatelyIn this
development.

change from 1969 to 1973, then any decline in labor hoursworked must bereflected in an equivalent
percentageof the capitalequipment standingidle (baiTing retirementsof equipment),

During the period from 1969 to 1973, the laborinput in the maintenance sector decreased
by 13p_rcent. If one allows for a 1 percentannualincrease inproductivity in both capitaland
labor,then the predicted 13 percent ex¢e_ shop capacityis Increased to about17 percent. The
laborrequired for the proposed retrofit programis less than 1 percentof thelabor hourscurrently
u_d in the Maintenanceof Equipment and Stores sector.

One other factor to consider is the possible retirement of capital overthe period 1969 to 1973.
A sample of 10 roads,which was conducted by Peabody;Associates,indicatedthat 95 percentof the
capacity in dieselchops that existed in 1969 isstill in existence today. Thisfigure reflects the
conservativeassumption that all retirementsreducedcapacity whileaUnewinvestmenthad no effect
on capacity. A more realisticappraisalwould be obtained fromnet investment(i.e., Investmentminus

• depreciation) less retirements. However,even with these conservativeassumptionsand the assumption
that the sampleof I0 roads save a h'uepictureof the industry,them will besufficient capacity to
complete the retrofit program,and furtheracquisition will be unnecessary.
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Cost of Testing. The cost of installing mufflers on locomotives includes testing each unit to
determine whether it needs treatment. Two types of stationary tests are:

I. Load cell test. The generator output is connected to a bank of resistors that absorb the
electrical output, so that the engine may be run at full throttle under load while stationary.
This is the only test for units that do not have dynamic brakes capable of absorbing the
generator output. Disadvantage: stationary load cells found in railroad yards may not be
in artacousiically acceptable environment.

2. Self-load test. The generator output is dissipated through the dynamic brake resistor
grid. Advantage: this test can be performed at any location. Disadvantage: on EMD

locomotives, a separate fan cools the resistor grid; noise from this fan may bias the test
results.

A problem may exist in providing enough acoustically acceptable load cells to test locomotives
that do not have dynamic brakes. One solution: _'aUroadscan buy portable load cells. These are
commercially available and can be built hrge enough to accommodate loco_notive generator oulputs

(typically, 2500 kW maximum at 60 Vdc). They can be mounted on trucks and transported to
acoustically acceptable sites near yards or _hops accessible to locomotives. Units of this size arc not

generally available, but discussions with load cell suppliers indicate that no design or manufacturing
problems would prevent their being supplied. The projected price for such a unit is $100,000 at
current cost levels.*

The total cost of acquiring portable load cells can be estimated by assuming that

• Half tile locomotive population will be ltested by this means. Note that all GE locomotives
(l 5% of the population) can be tested under self-load, and it is assumed that stationary
cellscanaccommodatetheremaining35%.

t

• An average of one locomotive per day will be tested by each cell for two years. Note that

inactualuseeachcellwould spendseveraldaysintransit,followedby severaldays
measuringlocomotivesateachsite.

The number ofloadcellsneededwouldthereforebeobtainedby computing

(0.5X 27.000locomotives)

(2years.X365 daysperyear•X Ilocomotivepercellperday)

'whichgivesananswerof18.49,orapproximately20 cells.The totalcostof$2,000,000,divided

by 27,000locomotives,comesto$74 parunit.

*Source for information on load coils: conversations with D. Partridge, Simplex Co., Springfield,
Illinois.
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Another piece of equipment that will be required for testing will be a sound level meter. Type
2 meters, with fast and slow readings, are available, with calibrators, at about $200 each. The predse
number required is not known, but it is assluned to be 500 (i.e., one meter for every 54 locomotives).
The total cost would be $100,000.

The labor used in testing each locomotive would consist of one technician lbr approximately 2
hours.* Using the average of the skilled labor costs derived above (Table 7-21) and ailowing for 6

percent supervisory time at a 15 percent labor cost premium, an average labor cost of $8.18 per hour is
oiltaine_l, or $16.36 per locomotive.

Summary of Initial Direct Costs. Table 7-24 smnmarizes the direct cost of locomotive retrofit.

Note that tile subtotal figure represents costs incurred only by those locomotives actually retro-
fitted, or approximately 75 percent of tile population.

TABLE 7-24
INITIAL DIRECT COSTS OF RETROFITTING EXHAUST MUFFLERS

TO LOCOMOTIVES

Locomotive Type

Cost Areas

EMD Road, EMD Road, GE Road Switcher
RB TC

Muffler $4690 $1500 $1500 $700

Additional Hardware 1135 2000

Labor 73 406 406 73

Subtotal $4"4_ $3_ $3906 $773

Testing 91 91 91 91

Total $4854 $3132 $3997 $864

Initial Indirect Costs

Two elements comprise indirect initial costs: (1) cost net revenue duo to locomotive downtime
and (2) cost of developing suitable muffler designs. Tile first of these categories will be analyzed in

two phases: the cost of locomotive downtime and the expected number of lost locomotive-days.

*It is assumed that protable load cells will be located in areas easily accessible by locomotives in the
course of their normal operations. There will, therefore, be negligible cost for locomotive transit
time or down time or for crew time.
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Cost of Locomotive Down time. The marginal value of a locomotive-day is the extra net
revenue the locomotive would have generated had it been available for use. This is defined as the

gross revenue per locomotive-day less the locomotive daily operatiag expenses, If there is excess
capacity in the locomotive fleet, then tile revenue generated by an extra locomotive is zero; that is,
down time is free, since there are idle locomotives, At present, however, the railroads' hauling capacity
is under considerable strain. The value of marginal revenue is, therefore, taken to be the average per
revenue per total locomotive in the fleet.* Dividing the total locomotives (27,117) times 365 days
per year into 1973 gross operating revenues ($14.2 billion) gives an average revenue figure of $1438
per locomotive.day.

To show that this is a correct procedure an example is presented, If retrofit were to be per-
formed over a 4-day period in which railroads were closed, the lost revenue would be the revenue
that would have been earned over those 4 days. The total lost revenue could be expressed in terms
of revenue per locomotive times the number of locomotives, If revenue per locomotive were to
be derived by including only serviceable locomotives and then were to be multiplied by the total
number of locomotives, the estimated revenue loss would exceed the actual revenue loss. Of course,

lost revenue per serviceable locomotive could be calculated and then multiplied by the number o f
serviceable locomotives. Thus, computations of total revenue loss must be done using either serviceable
locomotives or total locomotives consistently in both the numerator and the denominator. Either

method gives the same answer, as long as one is consistent, Total locomotives were chosen, since it
avoids using one population for lost revenue and another for direct coat.

To obtain the true cost to the railroad, this figure must be reduced by an amount equal to the
expenses saved by not having to operate the locomotive. In the Background Document, tiffs was
done by identifying those ICC cost accounts that would be reduced and by calculating the level of
these reductions (see Table 7-11 ). The ratio of expenses to revenue thus derived was 4964/21,982 =
.226. The AAR submission to the docket (p. 62) [201 uses a ratio of expenses to revenue of

39,826,000/64,978,000 = 0.61 (Welsh, p. 62) [20]. The $39,826,000 figure does not appear on that
page but can be calculated by subtracting from lost revenue, $64,978,000, net losses of $25,152,000).
(While the AAR claims that 0.61 is the ratio used in the Background Document, it is not,) However,
the 0.61 figure is consistent with the 1CC evaluation of railroad expenses, which are claimed to be
about 80 percent out-of-pocket expenses (i.e., variable). Using the ICe figure and a 1973 operating
ratio (total operating expenses divided by total operating revenue) of 79.3, the ratio of variable
expenses to revenue is 63.4. In the subsequent calculations, 0.61 isused since this is the ratio A.AR
uses and it is consistent with the lCC percent-variable (i.e., out of pecket) ealcalations. Using $1438 as
as the value of a locomotive-day, the reduced expenses equal $877 (i.e., 0.61 X $1438), and the net
cost of a locomotive-day Is $561.

*Some concern may arise over whether one should divide gross revenues by the total number of
locomotives (27,117) or the number of serviceable locomotives (26,245). The choice is arbitrary,
as long as the same figure is used to compute both revenue per locomotive and total lost revenue.

See subsequent discussion.
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Number of Lost Locomotive.Days. Table 7-25 shows the EPA estimate of the time lost per
locomotive during retrofit. This table is based on Table 7-25 of the original Background Document,
which, in turn, was derived from conversations with railroad maintenance personnel. The EPA
figures are contrasted in fire table with tile elapsed-time estimates provided by the AAR in their
submission to the docket (Garin, p, 16) [20]. The difference arises because of the large amount
of extra work entailed in the AAR projected retrofit program, work involving the relocation of

dynamic brakes, fans_ and cooling system pipes. If this type of work (which is necessitated by the
AAR space-inefficient muffler design) is discounted, the two estimates are not dissimilar,

The actual number of days lost by the total fleet depends on how frequently locomotives
undergo major repair. As shown in Table 7-25, some time is saved if mufflers can be retrofitted

TABLE 7-25
DAYS LOST DUE TO RETROFIT

Locomotive Manufacturer and Type

Basis of EMD Road, EMD Road, GE and
Estimator Retrofitl RB TC Other Roads J Switcher

If done by 3 3 2 1
itself

EPA 2 If done

during
regular 1 1 0 0
Intermedi-
ate over-
hauls

If done

during
regular 0 0 0 0

heavy
overhaul

AAR3 Done by 2.5 - 54 3 - 3.5 2.5 - 54 3 - 3.5

lAssumes no lost time due to travel to and from shop and no muffler retrofitting done during
emergency repairs.

2Source: EPA Original Background Document, June 1974.

3Soure_: AAR, 1974.

4Depends on whether extended-range dynamic brakes are present.
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while other repairsare being made. TileEPA originalBackground Document gavean average
maintenance interval of 4 years for intermediate overhaulsand 8 years for heavy overhauls,*

The annual total of lost locomotive-days for the nation is now computed, assuminga 2-year
compliance period, and the annual costof those lostdays. in any given year, one-eighth of all
locomotives undergo heavy repairs,andanother eighth undergo intermediate overhaul. The number
of lost days is therefore given by

where
LT = lost thne in locomotire-d_ys,

NER = number of EMDroad locomotives,

NGEO --number of GE and other roadlocomotives,

NSW =number of switchers,

The total number of locomotives in each category isshown in Table 7-26, It is assumed, in the
interest of beingconservative, that no locomotive retirements will take place duringthe retrofit
period. Inserting the figures in the table into the precedingexpressiongivesa total of 51,840
locomotive-days lost, This total is based onthe assumption, however, that all locomotives would
be retrofitted, whereas in fact only 75 percentwould actually be retrofitted. Therefore, the
number of lost locomotive-days would be38,880 (51,840 times 0.75). At $561 perday (the cost
of one lolt 10¢omotive-day),the cost peryearto the industry would be $10.9 million, or $21,81
million ovei"the 2.year complaine¢period.

Cost of DevelopingMufflers. At present,mufflersdesigned for railroad serviceconditions are
not comlTierdallyavailable, !t may be assumedthat it will be necessary to develop, fabricate, and
test several prototypes of each basic designbefore the designscan be approved for service. In the
absenanof detailed designs, it is not possibleto plan aneh a development program andproject its
costs. However,we can n|ake some reasonableassumptions to estimate the cost.

ltis assumed that six basic muffler designsare to be developed and tested, with severalmodels
bh_edon each deslfin. If the cost of the developmentand test program for each designIs$500,000,
the total effort would cost $3 million.

*Peabody and Associates (1974) report anaverage interval of 7.3 years for overhaul. They do not
discriminate between intermediate overhauls,in which the cylindersare changed in placeand the
bearingsarerenewed, and heavy overhauls,which involve lifting off the cab and rebuilding the loco-
motive components asnecessary [571.
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TABLE 7-26

NUMBER OF LOCOMOTIVES BY TYPE (1973 AVERAGE)

Type of Locomotive Number

EMD Rootea-blown Road 7786

EMD Turbocharged Road 9579

GEandOtherRoad 4381

Switchers 5371

Total 27,117

*Source: Railway Locomotives and Cars, May 1974. Due to
a small discrepancy in the total number reported in
this reference relative to the ICC total, the figures
in the reference were scaled downward by a factor
of 0.985 to gi_e a total of 27,1 17,

Continuing Costs

Two types of operating costs may be affected by muffler retrofit. First, mufflers will probably
need to be maintained. Second, the backpressure imposed on the diesel engine by the muffler may
result in degraded fuel economy and, thus, higher fuel costs.

Maintenance Requirements. The original Background Document does not explicitly identify
extra maintenance costs due to muffler retrofit. The original analysis noted that mufflers are

similar in construetion,!materials, and service conditions to the exhaust manifolds that presently
exist on locomotives. There is no evidence to show that exhaust manifolds fail in service or reqhire
other than occasional attention. Accordingly, it was assumed that the extra effort required to
maintain mufflers would be small compared to the other identified costs.* A highly conservative

estimate would be to assume that mufflers will require replacement at every major overhaul, or
approximately every 8 years. If $1600 is allotted for parts and labor per locomotive for a locomo-

tile population of approximately 27,000, with 75 percent having mufflers an average annual expendi-
ture of $4.1 million per year is caieulated.

*Tim is the case, for example, with mufflers on heavy diesel trucks. Conversations with truck fleet
operators Indicate that service failures of such n_uffiers are virtually unknown,and that an
occasional patch weld is the most maintenance required,
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Fuel Costs. An increase in tile back pressure on an engine exhaust line increases the work the

engine must do to pump exhaust gases through tile line. The result is a decrease in overall engine
efficiency. There are, however, no test data available on tile magnitude of this effect for large diesel
engines. General Electric estimates that "If forced to run with 20*F higher pro-turbine temperatures,
the increase in fuel consumption would be on the order of 1 percent [701, The AAR (1974) also
cites the I-perrent figure, although without any supporting data. Therefore, 1percent will be used
as a conservative figure appropriate to line-haul open_tion. If 1 "percent is multiplied times tile 1972

railroad fuel consumption of 3690 million gallons (for llne-baul freight and passenger operations;
source: ICC statistics [67, 68]), we obtain an extra 36.9 million gallons of diesel oil consumed per
year, At the 1975 wholesale price of $0.30 per gallon for diesel fuel, this amounts to an extra
$11,1 million per year.

Summary of Locomotive Retrofit Costs

Tables7-27 and 7-28 show the breakdown of initial and annual costs for the entire locomotive

retrofit program. The total parts and labor costs were obtained by multiplying 0.75 (the fraction
of locomotives needing retrofit) by the numbers of locomotives in each category as shown in

Table 7-26, and then by the direct costs for each category as given in Table 7-24. Testing cost was
obtained by multiplying $91 from Table 7-24 by the total number of locomotives. As before, it
was assumed that no locomotives would be retired during the retrofit period.

Economic Impact of Muffler Retrofit

In the public docket for the proposed noise regulation on diesel electric locomotives, a num-
ber of economic issues have been raised, including file availability of labor, the impact on railroad
financial viability (which includes the impact on freight volume), and the impact on product prices
as a result o1"possible freigb.t rate increases. This discussion provides an analysis of these and other
issues associated with the economic impact of muffler retrofit. Included are:

• An evaluation of possible labor shortages in the rail sector.

I

• A discussion of alternate measures of financial impact on the railroads.

• A description of the current economic condition of U.S. Class I railroads, along with a
discussion of the issue of the differential impact of fuel costs on railroads and
trucks.

• Consideration of the question of freight diversion.

• Consideration of tlm impact of retrofit on freight rates and oil the U.S, economy.
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TABLE 7-27
SUMMARY OF INITIAL LOCOMOTIVE RETROFIT COSTS FOR A 2-YEAR PROGRAM

(Figures in $ Millions)

Initial Direct Costs (2 yrs)

Parts and Labor $65.63

Testing 2.47

Total $68.10

Initial Indirect Costs (2 yrs)

Lost Locomotive Time $21.81

Muffler Development 3.00*

Total $24.81

Total Initial Costs (2 yrs) $92.91

*Estimate based on conservative assumptions; no data available. See Text.

TABLE 7-28
SUMMARY OF ANNUAL COSTS OF

LOCOMOTIVE RETROFIT FOR A 2-VEAR PROGRAM

(Figures in $ Millions Per Year)

Initial Costs (Direct and Indirect;
obtained from Table %27) $46.45

Continuing Costs (annual average)

l_xtra Maintenance 4.05*

Extra Fuel l 1.10"

Total $15.15

*Estimate based on conservative assumptions; no data available. See text.
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Labor Supply

The ability of the railroads to perform u retrofit program depends on whether the required labor
is available. To odentify whether a labor shortage exists, a means for testing for labor shortages must
first be established.

Firms adjust to labor shortages first by increasing the number of hours worked per elnployee
and titan, if the increased demand for workers is sustained, by adding new employees. Thus, in the
short run, the number of hours rises, and in the long run, the number of employees rises. Increases

in hours worked and number of employees are therefore indicative of short-term and long-term
labor shortages, respectively. The hours that should be considered ate hours worked, including
straight time and overtime. One should not consider only overtime, since the distribution of hours

between overtime and straight time is, in part, a function of institutionai arrangements (e.g., union
contracts). Thus, a rise in overtime does not necessarily indicate a labor shortage.

The last 4 years have constituted a period of decreasing labor hours and decreasing employment
in the Maintenance and Equipment and Stores sector (ICe designation). The number of employees,
the number of hours for which employees were paid (including vacations and holidays), the total
hours worked, and the average hours worked per employee all declined from 1970 to 1973. Comparing
1970 to 1973, average hours paid per employees increased, while h0urs.worked per employee de-
creased, indicating an increasa in paid time off. Average overtime hours per employee decreased
each year from 1970 to 1972 and then increased from 1972 to 1973, but were still below the 1970
level. These trends are summarized in Figure 7-3.

The Maintenance of Equipment and Stores sector does not exhibit any of the characteristics
of a labor market in which a labor shortage exists. However, the rise in overtime from 1972 to
1973 could indicate shortages in specific categories in labor; i.e., the rise in overtime could be the
result of an increase in overtime of specific categories of labor, and offsetting reductions in overtime
and lay-offs in other categories of labor could have caused average ]louis worked to remain constant

and overtime hours to rise. This would indicate a shortage in specific trades. To determine whether
this has been the ease, trends in hours worked and workers employed in specific trades shall be
examined.

In the 25 categories of labor listed under Maintenance of Equipment and Stores, one cateogry

(helper apprentice, 65*) had more employees in 1973 than in 1970. Average hours worked per
employee increased for the same time period in three categories (electrical workers B & C, 59, 60;

skilled trades helper, 64). The adjustment in hours and employment may have begun more recently.
Labor demand would have reached a low point and then increased during this period.

From 1972 to 1973, average hours worked per employee increased in five categories (inspectors,
52; boilermakers, 55; electrical workers B & C, 59, 60; skilled trades helpers, 64; and gang foreman
in stores, etc., 69). In three canes, average hours per employee remained unchanged, and in the

rest, they declined. During the same period (1972 to 1973), employment increased in five categoltes:

general, assistant general, and department foreman, 50; electirical workers B, 60; helper apprentices,
65; regular apprentices, 66; and classified laborers, 70. In two of the remaining 25 categories,
employment was vh'tuaily unchanged, and in all others it decreased.

*Numerical designations refer to ICC Standard Accounts.
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Thus, the following categories in which there appear to be some recent increases in labor input

(either througil increased hours or increased employment) can be identified:

• Foreman (general, etc.), 50
• Inspectors (equipment, shop, electrical, etc.), 52
• Electrical workers B & C, 59, 60
• Skilled trades helpers, 64

• Helper apprentices, 65
• Regular apprentices, 66
• Gang foreman (stores, etc.), 69
• Classified laborers (shops, engine houses, etc.), 70,

In the 16 categories not listed, the labor input has been reduced by reducing hours and reducing
employment, Indicating that there is not a shortage of labor in these 16 categories and that, In fact,
they could probably be expanded by increasing hours.

In four categories (50, 65, 66, 70), average hours per employee decreased, while employment
increased. If the 1973 hours worked per employee were increased to the 1970 levels, the increase
in total hours worked would he 2 to 3 percent.

Category 50 is superv_ory labor, which is not likely to be affected by a muffler retrofit program.
If It should be, however, then the current labor input could be increased by 3 percent (of the 1973
total) by increasing hours worked to the 1970 levels. Category 70 (classified laborers) is an un-

sklilcd occupation that could be increased through new hires or by increasing hours worked to the
1970 levels, thus increasing the labor input by 2 percent (of the 1973 level),

Categories 65 and 66 are not homogenous, since they include helper and regular apprentices,

respcetl'tely, in different trades. It would be inappropriate) therefore, to consider an overall Increase
h_boars, particularly ff the distribution of apprentices in different trades has changed over time,
Increases tn the number of apprentices from 1972 to 1973 do indicate the industry is training journey-
men, which In turn may indicate on inability to hire trained workers in'the skilled trades. The number
of apprentices has only Increased by 99 from 1972 to 1973; the 1973 level Is still below the 1970
levels.

Hours worked have increased from 1972 to 1973 for:

• Inspectors, 52
• Electrical workers D & C, 59, 60

• Skilled trades helpers, 64
• Forem_ (stores, etc.), 60.

The avuHge l|ours worked per employee in categories 59 and 60 in 1973 exceeded the 1970
levels. However) the number of employees in Category 59 was I I percent (I 11 employees) fewer
in 197 ,4 than in 1972, but in Category 60, 12 percent more (15 employees). In Categories 52, 64,
and 69, tile average hours worked per employee was less in 1973 than in 1970. Since 69 is a super-"
vls0ry clonslficatinn for stores antl ice and reclamation and timber treating plants, this group would
b_ unaffected by a retrofit program.
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TABLE 7-29

LEVELS OF EMPLOYMENT AND AVERAGE HOURS WORKED IN 1970 AND 1972 COMPARED TO 1973

1970 1970 1972 1972 IncreaseIn 1973 HoursWorked
Level of Average Levelof Average if theHourswereIncreased to the

Categories Employment tlours Worked Employmen[ Hours Worked 1970 Levelbut Employment Remained
per Employee per Employee at 1973 Level(his per employee)

50 larger larger smaller larger 3%(67)

52 .;,s_e_._-_,'._!larger larger larger smaller 2% (45)_'.'larger smaller larger smaller None (73 exceeds 70)s9 ._.,,..
60 _ ;i_'_larger smaller smaller smaller None (73 exceeds 70)

t_'b' 64 _ '_'] larger larger larger smaller 2% (29)

65 smaller larger smaller larger 3% (64)

66 larger larger smaller larger 1%(20)

69 larger larger larger smaller 4% (80)

70 larger larger smaller larger 2%(33)



Table 7-29 shows, by category, the increases in 1973 hours worked that would occur if the
hours were increased to the 1970 level per employee: 64 would increase labor input by about 2

percent, and 52 would increase by about 2 percent.
There seems to be a strong indication that a labor shortage does not exist and that hours could

be increased to provide the labor required for a retrofit program. The exceptions to this are:

• The increase in training identified by apprentice categories 64 and 65 (one might also
assume that skilled trades helpers, 64, is an entry level job that can provide skilled
workers through upgrading)

• The electrical workers B & C, 59 and 60. The fact remains that the number of apprentices
in 1973 is less than the 1970 level.

As shown in Table 7-30, the total hours required for a retrofit program are small compared to
tile total hours worked in tile maintenance sector:

TABLE 7-30

MAN-HOURS REQUIRED FOR LOCOMOTIVE RETROFIT

Locomotive Man-Hours Locomotives Total

Type Per Locomotive in Service Man-Hours

EMD (RB) 9 7786 70,074

EMD (TC) 51 9579 488,529

GE & Other 51 4381 223,431
Road

Switcher 9 5371 48,339

Total Hours 830,373

Annual total hours over 2 years 415,186,5

Annual total hour as a percent of 1973 hours
covered in Maintenance of Equipment and Stores Sector.* 0.19%

• Total hours worked in Maintenance of Equipment and Stores in 1973 was 221.04 million hours.

Impact on Railroad Revenue and Profits

The question considered in thi_ section is the appropriate base to use for comparing the total
cost of retrofit. A retrofit program has both a short- and a long-term impact on railroads. The
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short-ran impact occurs over a 2-year period and then disappears, Some costs continue after
retrofit (e.g., increased fuel costs) and must be considered separately.

Since the nonrecurring costs of a retrofit program cover only a 2wear period, the appropriate

base against which to compare these costs is net revenoe, A firm will sustain short-term losses so
long as it covers its variable costs, and net revenue is a measure of the excess of revenue over
variable costs, Net operating income measures the excess of revenue over variable plus fixed costs
and is, therefore, indicative of the finns long-term ability to pay. (Note that in no case should
recurring costs be compared to net income after taxes, since taxes will be reduced by increased
costs,)

The total annual nonrecurring costs are $46.45 million. Tile 1973 net operating revenue

of railroads was $3,097.68 million. The short-term costs of a retrofit program would therefore
represent 1.50 percent of the 1973 net revenue per year over each of the 2 years. As pointed out
in Table 7-28, the increased fuel costs would be $ I 1.10 million. During the first 2 years (while
retrofit is being carried out), the increased fuel costs wotdd be 25 percent of this for the first
year and 75 percent for the seond year. These percentages represent the average portion of the
fleet that will have completed the retrofit program in the first and second years, respectively,
Thus, $2.78 million is added to tile first year and $8.33 million to the second year retrofit costs,
making the first year $49.23 million and the second year $54,78 million.

It is assumed that no extra maintenance (beyond the retrofit itself) will be necessary in the

first 2 years, Thus, the first year costs are 1,59 percent and the second year co);ts are 1.77 percent

of net operating revenue.
The reeurring expanse of $ I 5.I 5 million per year represents 1.83 percent of the 1973 net

railway operating income before Federal incmne taxes. (The 1973 net income before Federal
income taxes was $830.7 million),

Financial Impact

In general, the adverse effect of extra operating costs is greater on firms in financial distress
than on healthy firms. This is of particular concern in tile case of the railroads, a number of which
face difficulties in maintaining profitable operations. The extent to which this is a problem is
illustrated by the seven lines that are presently bankrupt. It is clearly important to estimate the
number of railroads that might have trouble paying the cost of a retrofit program.

It should be noted that it is impossible to predict whether a firm already in difficulty will be

bankmpt as a result of this ( or any other) externally imposed cost, for two reasons. First a
declaration of bankruptcy is not necessarily related to a firm's financial position at any one
moment but is based instead on the management's opinion of the firm's viability in the long term.

Thus, a short-term nonrecurring expense would not necessarily have an impact. Second, the
magnitudes of the expenses involved in such a program are small relative to other problems faced

by the railroads,
While it is unlikely that the cost of retrofitting mufflers would actually cause bankruptcy, it

is still true that roads in financial trouble may have difficulty affording the program cost, This

section attempts to gauge the extent of this problem by determining how many railroads are in
f'maneial distress, This will be done by computing, for each road, several financial ratios that are

generally accepted as indicating the financial condition of a business enterprise. A summary of the
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number of roads that have unfavorable valuesfor eachratio is then provided. Of course) this
technique cannot providea quantitative definitionof which railroadscannot afforda retrofit pro-
gram. At beat)it givesa rankordering. The antoffvalue that determines financial distressis
entirely arbitrary.

The following financial ratioswere computed:

1. Currentassets/total assets.
2. Operatingexpenses/operating revenues.
3. Total liabilities less stockholders' equity/total assets.
4. Income after fixed charges/totalassets.
5, Retained

6. Net income/total assets.
7. Net income/operating revenue.

In most eases these ratios parallel those used by EdwardAltman [11, Ratios 1and 5 are measures
of the liquidity* of a railroad, while 2, 4, 6, and 7 aremeasures of profitability and efficiency. Ratio
3 measures solvency.

Withrespect to ratio 1, the analysisseems inconclusive, A large number of roads had ratios
of current-to-total assets in excess of three standard deviations fromthe mean. This indicates that
the distribution of values of this ratio did not approximate a normaldistribution. This being the
ease, ratio 1 does not constitute a valid indicator of which roads may be in distress.

The analysis of ratio 5 (retained earninga/totalassets) indicated that 14 railroads havenegative
retained earnings, while 2 havezero, showing that theseroads lack liquidity, While internal
financing may not be important in the rail industry,the negative retained earningsindicate that
these roads are drawing on cash reserves.**

The most commonly used measure of profitability is operating ratio 2, the ratio of operating-
revenue-to-operating.expense, Three roads haveoperating ratios greater than l, indicatingthat
expenses exceed revenues. An additional sevenroadshave operating ratios more than three
standard deviations'higher than the mean, Certainly,the throe roads and possibly some of the
seven must be considered to be in an adverse position. Ratios 6 and 7 are similar measures,in that
a road with a negative net income will have a negativeratio for both 6 and 7. Six roadshavenega-

tive net incomes. In addition, two other:roads mustbe considered to be poor performersas measured
by the ratio of net-income-to-total-assets (6).

Ratio 4 indicates that nine roads have negativeincome and two have zero income after fixed
charges, These roads are unprofitable by definition, The ratio of total liabilities (less stockholder
equity)-to-total-ansets (:3)appears to have also yieldedinconclusiveresults. One road stands out
as being extremely poor using this measure, and thereare fear other roads for which this ratio is
greater than 1.

A wordof caution should boissued in the interpretation of any ratio that uses total assets.
Under the betterment accounting procedure, total assetstend to he inflated. However, to the

• Liquidity is the ability of a firm to convert assetsinto cash.
• *This may also represent an insufficient amount of funds allocated to depreciation.
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extent that this biasis uniform throughout the industry, it is possibleto comparedifferent roads.
It Jsnot possibleto compare theseratios with other firms outside the rail industry.

Tables 7-31 through 7-37 showthe railroads that had unfavorablevaluesfor each of the seven
financial indicatorsdescribed above. Tile railroads are rank-ordered for each ratio, the railroad
with the most unfavorable ratio being listed first,

Freight Dh,erslon as a Result of Differential hnpacts of Fuel Costs

The manner in which fuel prices will affect the distribution of freight between rail and truck
can be demonstrated using the graph in Figure 7-4.

TABLE 7-31

RATIO I-CURRENT ASSETS/TOTAL ASSETS

Ratio Railroad lCC No.

.06 Missouri-Kansas-Texas 47

.06 Pittsburgh & Lake Erie 68

.06 Texas Pacific 67

.07 Bangor & Aroostook 7

.07 (B) Lehigh Valley 42

,08 (B) Reading 59

.08 (B) Erie Lackawanna 30

.08 Central Vermont 14

.08 Western Matyland 70

.09 Long Island 43

(B) Indicates bankrupt road,
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TABLE %32

RATIO 2-OPERATING EXPENSES/OPERATING REVENUE

Ratio Railroad ICC No,

143.4 Long Islatid 43

114.1 Pennsylvania Reading Seashore 57

104.7 Pittsburgh & Lake Erie 58

103.4 Bangor Aroostook 7

92.0 (B) Ann Arbor 3

92.9 Lake Superior & Ishpeming 41

90.3 Grand Trunk Western 35

89.5 (B) Lehigh Valley 42

89.5 Western Maryland 70

88.0 (B) Penn Cantral 56

87.1 (B) Reading 59

84.8 (B) Boston & Maine 9

TABLE 7-33

RATIO 3-TOTAL LIABILITIES LESS STOCKHOLDER

EQUITY/TOTAL ASSETS

Ratio Railroad ice No.

11,11 Pennsylvania Reading Seashore ' 57

2.33 Grand Trunk Western 35

2.02 Central Vermont 14

1.10 (B) Central Railroad of New Jersey 13

1,00 Georgia 33

1,00 Missouri-Kansas-Texas 47

.99 Clinchfield 21 i

.89 (B) Erie Lachawanna SO

,75 (B) Penn Central 56

.73 (B) Ann Arbor 3

,71 (B) Lehigh Valley 42
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TABLE 7-34

RATIO 4-INCOME AFTER FIXED CHARGES/TOTAL ASSETS

Ratio Railroad 1CC No.

-.30 Pennsylvania Reading Seashore 57
-.28 LongIsland 43
-.12 Grand Trunk Western 35
-.06 (B)PennCentral 56
-.06 (B)AnnArbor 3
-.05 (B) Lehigh Valley 42
-.04 (B) Central Railroad of New Jersey 13
-.04 (lI) Reading 59
-.02 (B) Boston & Maine 9
-.02 Western Maryland 70
-.02 Delaware 23
-.01 Fort Worth & Denver 32
-.O1 Chicago Rock Island & Pacific 19
.O0 (B) Erie Lackawanna 30
.00 Chicago, Milwaukee, St. Paul & Pacific 18

TABLE 7-35

RATIO 5-RETAINED EARNINGS/TOTAL ASSETS

Ratio Railroad ICC No.

-.31 PennsylvaniaReadingSeashore 57
%29 Long Island 43
-. 15 Grand Trunk Western 35

-.13 (B) Penn Central 56
-.06 (B) Ann Arbor 3
-.05 (B) Lehigh Valley 42
-.04 (B) Central Railroad of New Jersey 13
-,04 (B) Reading 59
-.03 Chicago, Milwaukee, St. Paul & Pacific 19
-.03 (13) Boston&Maine 9
-.03 Baltimore & Ohio 6
-.O2 Delawat_ & Hudson 23
-.02 Western Maryland 70
-.01 Clfieago & Northwestern 17
-.01 Chicago, Rock Island & Pacific 19
°.01 Kansas City Southern 40
-.01 Burlington Northern 10
-.01 Fort Worth & Denver 32
.0fi (B) Erie Lackawanna 30
.00 Monon 49
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TABLE 7-36

RATIO 6-NET INCOME/TOTAL ASSETS

Ratio Railroad ICC No,

" "..°8 Long' Island 43

-.26 Pennsylvania Reading Seashore 57

-. I 1 Grand Trunk Western 35

-.04 (B) PennCentral 56

-.04 (B) Ann Arbor 3

-.03 (B) Lehigh Valley 42

-.02 (B) Reading 59

-.01 (B) Central Railroad of New Jersey 13

-,01 (B) Boston&Maine 9

.00 Fort Worth & Denver 32

.00 Chicago, Rock Island & Pacific 19

.00 Monon 49

.00 Delaware & Hudson 23

.01 Missouri-Kansas-Texas 47

.01 WesternMayland 70

TABLE 7-37

RATIO 7-NET INCOME/OPERATING REVENUE

Ratio Railroad ICC No.

-7.24 Pittsburgh & Lake Erie 58

-6.87 Bangor & Aroostook 7

-1,97 Grand Trunk Western 35

-1,22 (B) Lehigh Valley 42

-1.06 (B) Ann Arbor 3

- .85 (B) Penn Central 56

-.40 (B) Reading 59

-,14 (B) Boston & Maine 9

-.14 (B) Centsal Railroad of New Jersey 13

.00 Fort Worth & Denver 32

.00 Chicago, Rock Island & Pacific 19

,03 Monon 49

.03 Delaware & Hudson 23

I
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Figure 7-4. Effect of Fuel Prices on Distribution of Freight

Line Q represents the quantity of freight service (truck and rail)necessary to produce a givenlevel
of output (givenlevelof GNP). Any point on Q (and the combination of rail and truck freight it
represents) is a possibleequilibrium position. Line ZZ' represents the volume of rail and track
freight that con be carried for a constant dollar expenditure on freight. That is, if the level of
expenditures is K, the total expenditures on freight and truck freight are constrained to
PrQr + PtQt = K, whereQr and Qt are the quantities of truck and rail freight, respectively, and

I Prand Pt are the freight rate forrail and truck, respectively. Note that the slope of line ZZ+is
i equal to -(Pr/Pt), which is the ratioof the price of rall freight to the priceof truckfreight. The

equilibrium position (which minimizes total freight cost at Pr/Pt relative freight rates) is the
'. tangency point at n. The volumeof freight isQt and Qr. LineMM'representsa different price

ratio, which has a lower relative cost of rail freight.
Fuel composespart of the cost of providing both rail and freight service. The following cost

functions are assumedto represent the cost of providing truck and rail services:

Ct = f(Qt) + PaQt
and

Cf = f(Ql) + PbQI

where Qt is the quantity of truck freight in ton miles. Qr is the quantity of rail freight in tort miles,
P is the price of fuel,a is a constant that reflects fuel consumed per ton-mile of freight for trucks, b
is a constant that r_fleets fuel consumed per ton-mile of freight for rail, and f(Q) represents the
other nonfuel cest elements.
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Trucks consume four times as much as rail per ton-mile of freight, therefore a = 4b. If fuel
price increase the impact on cost will be

_Dt
_-t aOt

and

0C r
_"_ bQr

Since a = 4b) the changein cost per ton-mileon trucks is four times that of railroads. Forexample,

if freight rates Pt andPrare increased to fully reflect the increased fuel costs, rates increase to Pt
+ dFa (for track) andFr+ dPb (for rail), This means that the slope of line ZZ' willchange so that
the new price ratio willbe similar te line mm'. The new equilibrium position j willbe at a point
on Q so that the quantity of rail freightwill increase or the quantity of truck freightwill decrease.

One possibility isthat the Q may shift down towards the origin (for example Q1). This would
indicate that either thequantity of transportation servicesneeded to support a givenleve}of out-
put had decreased orthat the levelof output (i.e., GNP)had decreased, In any case, the relative
share of total transportation will be larger for rail (than for truck) after the fuel price increase,*

One additional observationshould be made. First, it has been assumed that the price increase
per BTU (of fuel) willhe equal for rail and truck. If it is higher for rail than for truck, this will
offset some rail fuelefficiency advantage. If it is greater for trucks (which seems most likely, due
to the effect of marketstructure in petroleum) it willcauseevena greater sl_ift to rail,

Impacts on Consumers

The impact of amuffler retrofit program on consumers canbe measured by the price increases
that would result if rail freight rates are increased, Table 7-38 shows both the direct and indirect

rail inputs for the commodities listed, The first column shows the cents of rail transportation per
dollar of output for eachcommodity listed. For example, commodity 24, meter vehicles, requires
2.9/:of rail transportationper dollarof sales. The 2.9¢mflects all rail transportation inputs for
raw materials, Intermediateinputs, and the final product.

The second columnshows the percent increase in sellingpries that would result from a
l-percent increase inrail freight rates. Note that thisdoes not allow for a shift to other modes, If
truck or water transportis used in place of part of the rail transport (because truck or water is
cheaper after the railpriceincrease), the price increaseswill be smaller than those shown, The
figures in the table, therefore', representthe maximum expected pries increasesresulting from a
l-percent rail freight rate increase,

*Thisresult dependsupon Q beingmathematically a convex set, The intuitive argument for
convexity is that as rail is substituted for trucking transportation, the substitution becomes more
difficult because in someapplications rail service is quite inferior to truck, For a discussion of the
theoretical points relatingto this analysis,see C. E, Ferguson,2"beNeoclassical Theory of Produc-
tion and Distribution, Cambridge UniversityPress, 1969 or R, Frish, Theory of Productloil_Rand
McNally& (2o, 1965 [481.
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TABLE 7-38
EFFECT OF A 1-PERCENT RAIL FREIGHT RATE INCREASE ON COVlbIODITY PRICES

Rall Transportation % Increase in Selling
Department of Transportation Sector (cents per dollar Price for a 1% increase

of selling price) in Freight Rates

1. Agriculture 2.0 _ .02
2. Iron ore mining 15.3 .153
3. Nonferrous mining 6.2 .062
4. Coal mining 20.8 .208
5. Miscellaneous mining 12.4 .124
6. Construction 2.2 .022
7. Ordnance 1.4 .014
8. Food and drugs 2.4 .024
9. Textiles and apparel .9 .009

10, Lumberandproducts 7.5 .075
11.Furniture 2.3 .023
12. Paper and paper products 5.1 .051
13. Printing 1.4 .014
14. Chemicals . 3.8 .038

t_ 15. Plastics, paints, and rubber 2.0 .020
16. Petroleum and products 1.0 .010
17. Stone, clay, glass products 3.8 .038
18. Iron and steel 3.9 .039
19. Nonferrous metals 2.7 .027
20. Fabricated metals 1.8 .018
21. Farm, construction machinery 2,7 .027
22. Industrial machinery 1.7 .017
23. Electrical machinery 1.1 .011
24. Motor vehicles 2.9 .029
25. Aircraft ,9 .009
26. Other transportation equipment 2,2 .022
27. Scientific, optical instruments .6 .006
28. Communications .3 .003
29. Utilities 2.7 .027
30.Services .5 .005
31. Auto repairs 1.0 .010
32. Government enterprises 4.4 .044
33. Business travel, gifts 2.2 .022
34. Miscellaneous Manufacturing 2.7 .022
35.Scrapsales 14.5 .145



The freight rate increase necessary to offset tile increased costs due to retrofit are shown in
Table 7-39. This analysis assumes that there will he no reduction in freight volume as a result of

these price increases. Given the small increases, this is a reasonable assumptio m This analysis
should not be construed as a recommendation for a freight increase, nor is it assumed that one
would be granted.

TABLE 7-39
FREIGHT RATE NECESSARY TO OFFSET INCREASED COSTS DUE TO RETROFIT

(In Milliom)

1973 freight revenue $13,793.7
Retrofit cost (including fuel)

year 1 49.23
year 2 54.78

Percent increase in rates necessary
to recover all costs

year 1 0.36%
year 2 0.39%

Recurring costs $ 15.1

Percent increase in rates necessary
to recover all recurring costs 0.I 1%
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Section 8

ENVIRONMENTAL EFFECTS OF THE FINAL REGULATION

Beginning in 365 days, the regulation being promulgated will stop the noise emitted by
railroad trains from increasing, and 4 years from the date of promulgation, will progessively

reduce the noise presently emitted by railroad locomotives. As a result, the number of people
currently subjected to annoying levels of railroad noise will be reduced.

• A detailed analysis of both the number of people presently adversely impacted by railroad
: noise and the number who would potentially be relieved of such impact was presented in the Back-

ground Document for the proposed regulation. Since then studies utilizing different assumptions
have been instituted by the Agency to attempt to more clearly assess the nature and extent of raft-
road noise and its possible abatement. Both analyses are presented in this section.

INITIAL ANALYSIS OF IMPACT RELATED TO ACOUSTICAL ENVIRONMENT

' Case Studies of Railroad LinesJ

Ten cities with widely varying populations were selected to make detailed comparison of
train traffic with population densities near railroad tracks and with the type of land use adjacent to
tracks (see Table 8-1). Such comparisons provide a basis for determining how many people are
exposed to railroad noise, how often they ate exposed, and what activities they are engaged in at the
time.

The schedules of trains moving over the railroad lines were determined from The Offlc_l

Guide of the Railways, July 1973 [26] ,or from employee timetables. Estimates of speed maxima
and minima were taken from employee timetables or obtained from railroad employees. Speeds for
AMTRAK trains were not obtained, The period between 1{3:00 p.m. and 7:00 a.m. was desig-
nated as night, and the rest of each 24-hour period was designated as day. Table 8-2 summarizes
the results of the 10 case studies•

Analysis of Traln Nohe Impact

There are three major noise sources that contribute to Ldn (see discussion of Ldn at the
end of this section for a definition of Ldn) at point along and away from railroad tracks: loco-
motives, wheel/rnU interaction, and horns or whistles.
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TABLE 8-1

LAND USE NEAR RAILROAD LINES

Land Use Withia S00 Ft of Track
(Percent)

City and State

Industrial& Mileage
Residential Business Other Studied

Newton, Mass. 75 21 4 6

Boston, Mass, 59 9 32 7

Valpanliso, Ind. 43 8 49 9

St. Joseph, Mo. 42 13 45 26

Akron, Ohio 40 23 37 25

Somerville, Mass. 30 18 51 7

Michigan City, Ind. 29 15 56 17

Kalamazoo, Mich. 22 5 73 20

Altooaa, Pa. 16 18 65 6

Ft. Lauderdale, Fla. 12 22 66 21

Lewiston, Maine 12 19 68 I 1

Denver, Cola. 12 3 85 51

Cheyenne, Wyo. 9 11 79 15

Cambridge, Mass. 8 24 68 9

Macon, Ga. _66 _ 90 25

Average 28 1458 Total 255
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TABLE 8-2

TRAIN TRAFFIC AND COMMUNITY CHARACTERISTICS NEAR TYPICAL RAILROAD LINES

NI]MJlEROF MAXIMUM NUM_EROF MAXIMUM LAND U$_ NO,OFPEOrLE MILEAGE

FREJGIfTTRMNS FR_IGJIT pA_S,_GERTI_IN$ PA_FJ_GER i (_ PERS_AR_MI STIJDIED
qTY&$TATE 1_O_3LATION DAY NIGIIT SP£_DImph) DAY _GIIT SJPEED(m_h) RE_tPE.NTIAL IIU$1NESS OTIIER I_TIlINS_T I.ANDUSE POpULATIO_

/3r'_, 0_o 542,77_ 22 I 18 $5 0 0 -- ,ifl 23 37 I_62 23 3J

AJmo_, h. 81,795 ? • I 5 $0 2 2 70 16 18 65 3.090 6 12

Bmto_. MIll, 961_07] 0 8 40 0 0 _ 59 9 32 ?0.6N3 7 7

GO (3_e_ennt.Wyo• 40.914 '/ ? ? 2 0 ? 9 II 79 1.471 13 9

Cc_bu_,lnd , 27J4_ I I 50 0 0 ._ _ ? ? 730 10

_.nr, c_a. 1,047.311 24 I0 60 4 O ? J._ J g$ 3_27 $I :r6

/)ull_m, N.C. 100,764 It I 6_ 0 0 _ 7 t ? 1,7B0 31

J4_hlpnCJly, lad. 39,369 S 2 _0 2 0 50 29 I_ _6 6G_ _7 4,_

I .Mew/m,Mr,. 9 J.C66 7 ] ,it) 0 0 -- 75 2J 4 5_3_ 6 6

I VtJ _tLto. bd. 20.0_0 19 10 69 0 0 41 B 49 1_8 9 9



Figure 8-1 shows some Ldn profiles that were calculated by applying the prediction tech-
niques to actual operations on e specific railroad line. The profiles shown in Figure 8-1 were
caieuhted from the following data supplied by Penn Central:

10:00 p,m. and 7:00 a,m.
6 freight trains
each 14 loaded ears and lfl empty cars
40 mph
and

7:00 a.m. and lfl:00 p,m.
36 passenger trains, each
40 mph

Passenger trains with eight ears correspond to the national average passenger loading of ears [25 ].
The curve for two ears is displayed to demonstrate the influence of the number of cars on tile
results.

Since there are no crossings along the branch picked for this study, no whistle noise was

considered: In addition to the usual geometric attenuation, atmospheric absorption and ground
surface attenuation were included in the calculation for Figure 8-1, (See the diseusaiun of Excess
Attenuation of Railroad Noise at the end of Section 8.)

Figure 8-2 shows Ldn profiles that were calculated for the average of all the train move-
ments in the U.$, The profiles were calculated from the following data [25 ] ;

Urban Areas

4 freight trains by day, 2 by night, each 33 mph, 40 ears 3800 tons
2 passenger trains by day, 0 by night, each 36 mph. 6 cars

Nonurban Areas

3 freights by day, 2 by night, each 33 mph, 40 cars, 3800 tons
0 passenger trains

Figures 8-3 through 8-6 provide examples of the impact on the community of a program
to equip loeomoilve exhausts with mufflers. Figure 8-3 shows that a muffler that provides 10 dBA

of quieting will nearly halve the distance to which people are exposed to Ldn or 55 or more by
train traffic on the Dorchestar Branch of Penn Central (assuming that no other sources of locomo-

tive noise produce levels comparable to exhaust noise levels). Figure 8-4 shows that there is a
reduction of 24,000 people exposed to Ldn of 55 or more by train traffic on the 7.2-mile-long
Dorchester Branch. Figure 8-5 is based on national average train traffic and also shows that a
muffler that quiets locomotive exhaust noise by 10 dBA will more than halve the distance to which
people are exposed to Ldn of 55 or more (assuming that no other sources of locomotive noise
produce levels comparable to exhaust noise levels). Figure 8.6 shows that there is n corresponding

5.1 million reduction in the number of people exposed to Ldn of 55 or more based on national
average train traffic.

8-4



80 I t [ I I I I I I i I I I I I ] I I I

,. _ TOTAL

_ FREIGHT LOCOMOTIVES

FREIGHT WHEEL/RAIL

70 _'- PASSENGER LOCOMOTIVES
(SCARS)

___ _ PASSENGERWHEEI./RAIL

• ' • ,_ (8CARS)
PASSENGER LOCOMOTIVES

If (2CARS)

60 I-- PASSENGER WHEEL/RAIL

50 _ ..%

50 .. ,. ,. \ \

Ill' I I I l l l II l I I _lall
loo 7000 10000

DISTANCE FROM TRACK (FEET)

Figure 8-1. Ldn vs Distance From the Track for the Dorchester Branch of Penn Central

l 1r ......

t



80 ] I & I I .! I _ I I I I I I t I I I

_._ _ TOTAL_ F'_EIGHTLOCOMOTI_ES

......._ _ _ ----.-_- rREIGt4T WHEEL/RAIL
70 :,-- PASSENGER LOCOMOTIVES

•.-- PASSENGER WHEEL/RAIL

I_-- WHISTLES _ _-IORNSttr I
"-_ _..._%. WeOBSERVER EVEN WITH CROSSIN

_'_,_,._ SEE ATTACHED GRAPN FOR
60 "_"_'" i"_. COMPLETE PROFILES

g ,

4o .......... ,._.,_

30 '_'_"._\'_xx,,\
"°

%,,,\\
,.,,., , ,., , ,I,, , ,":\:,,.,,

l

100 1000 10000

DISTANCE FROM TRACK (FEET}

Figure 8-2. Ldn vs Distance From Track for National Average Train Traffic



,O ,50 60 70 80

Ldn (EXCLUSIVE OF WHISTLES AND HORNS),

PlUm 8-3. DistanceFrom Track at W]dchVarious Ldn Occu= Around the DorchesterBranch of
the Penn Central

8-7



50 60 70 "80

Ldn (EXCLU$1_'E OF WHISTLES AND HORNS)

: Fisur¢ 8-4. Thousandsof PeopleExposedto Various Ldn by 7.2 Miles of Track on the Dorchester
Branch of the Penn Central

i 8-8

I'

I

(



I0 50 60 70 80

Ldn(EXCLUSIVE OF WHISTLES AND HORN {:}

Figure 8-5. Distance From Track at V#nJch Vario.s Ldn Occur Due to National Average Train
Traffic ,

"' 8-9

.t



13 [ I
LOCOMOTIVE

12 QUIETING

5 dB LOCOMOTIVE
QUIETING

:NT EQUIPMENT

10
(/)
.J
L_

J_

r,,,o
tA.iw

x_
wz

_0 50 60 70 80

Ldn(EXCLUSIVE OF WHISTLES AND HORNS)

Figur08-6. Millionsof People Exposed to Various Ldnby National AverageTrain Traffic

8-10



Population densities used to constmet Figures 8-3 and 8-6 were obtained from tile U,S,
Department of Commerce, Burcou of the Census. The census results show 28,098 people living
within 1000 feet of the 7,2 miles of track comprising the Dorchester Branch of PennCentral. The
population density in tile first 500 ft next to the line was taken to be one-half of the density for
the entire region, in keeping witb national trends.

The figures for the number of people exposed to noise from national averagetrain traffic
were based on estimates of 30,000 miles of railroad rights.of-way in urban areas in tile U.S. Urban
areas are defined as the 40 Standard Metropolitan Statistical Areas (SMSAs) havingaverage popula-
tion densities in excess of 500 people per square mile and a total population greatertban 250,000,
The 40 SMSAsdefined have a total land area of 58,200 square miles and a total population of
71,082,000, for an average population density of 1220 people per square mile. This figure must be
modified, however, since there tends to be a concentration of industrial, commercial,and other
nonresidential activities in the vicinity of rail lines. Land use and zoning maps indicate that the
residential population density in the vicinity of a railroad line tends to be about 50percent of the
average density for tile entire region.

REFINEMENTS ON INITIAL ANALYSIS OF IMPACT RELATED TO ACOUSTICAL
ENVIRONMENT

This discussion contains an estimate of the number of people exposed by noisefrom rail-
road trains to noise levelsof Ldn = 55 dB or more. This analysisdiffers from the analysis in the
originalBackground Document; it contains a more rigorousestimate of the numberof miles of
track in urbanized areas and more conservative assumptions regarding the transmission of railroad
noise into communities. This discussion also contains a recomputation of the exposureestimates

given in the Background Document on the basisof improved data regarding numbersof locomotives
and their average sound levels,

The number of peopleexposed depends on five factors:

1, The number of miles of railroad track in urban areas

2. The population density near railroads
3. The number of train operations per day
4. The noise level of the trains
5, The propagation of the train noise into the community,

Each factor willbe addressed in turn.

Milesof RailroadTrack

The original backgrounddocument cited a Federal HighwayAdministration/Federal Rail-
road Administration (FHWA/FRA) report (1971) to the effect that them are 30,000 miles of rail-
road track in urbanized areas in tile United States. The FHWA/FRA r_port cited 0osource for that
figure, and direct inquiry with those agenciesdid not uncover a rationale for its derivation, In this
analysis, therefore, an independent estimate shall be derived.

Accordingto a survey of 106 cities [52], the percentageof the land in central cities presently
devoted to railroad averages 1.7 percent in titles of 100,000 or more people and 2,4 percent in

8-11



cities of 250,000 or more. The total lend areaof centralcitieshaving populations greaterthan
100,000 is approximately9.84 X 10a sq mi [51]. If it is assumed that half of the land used by
railroads is right-of-way(the remainder occupied by yards and terminals) and that the typical right-
of-way is 100 ft wide, the following calculations results:

_AX .017 × 9,840 mi2 × 5_280ft/mi = 4416 miles.100 ft

Therefore, it is estimated that there are approximately4000 miles of right-of-way in central cities.
In another category of built-up areas, the urban fringe land area is 14,700 sq. mi. The per-

centage of that land used by railroads is not known', a figure of I percent, therefore, isassumed, of
which half is devoted to rights-of-way. A caleulatinn simtlar to the preceding one givesa figure of
3881 miles of right-of-way, which is rounded to 4000. The estimate, therefore, of the total mileage
in urban areas, the sum of mileages in central cities and urban fringes,is approximately 8000 miles.

Population Demitles

Hoyt [51 ] gives58.6 million as the total population of central cities havingpopulations of
100,000 or more. Dividingthat figure by the total area of 9.84 × 103 sq mi. (see preceding discus-
sion) givesan averagedensity of 5.9 X 10s people per sq. mi. Census maps of land in the vicinity
of central-city railroad lines indicate that the population density near rail lines is slightly less than
half that of the local average [81. One reason is probably the concentration of industrial and com-
mercial property near rights-of-way. It is therefore estimated that the population density near
central city rail lines is approximately 2500 people per so.mi.

The population of the urban fringeis roughly 48 million. Dividing by the area (14,700
sq mi.) givasan averagedensityof 3300 peopleper sq mi. Statistics on the density near railroad
tracks arenot available. It is reasonable to assume, however, that the ratio of the density near
tracks to the averagedemity is less than one, hut greaterthan theratio for central cities because of
the prevailinglower concentrationsof industryand commercein urban fringes. It is therefore esti-
mated that the near-trackspopulation densityin urbanfrirtgusis2500 peep e peraq mi, or the
same density as wasderivedfor the centralcities.

Traffic Volume in UrbanAreas

Statisticson the i'requaneyof train movementsalong urbanrights-of-waymay not exist.
However,these statisticscanbe estimated on the basis of a study of trainmovements through high-
way gradecrossingsin urbanareas [45 ]. If it isassumedthat the trafficobservedat gradecrossings
is a representativesampleof traffic along the railnetwork as a whole, then the distributionof
trafficat grade cro_ng$ can be used to determine the statistics in which we are interested. The
distribution observedin Reference isgivenin Table 8-3.

The mean of tiffsdistribution is approximately8 trains perday.
Asa aheckon thls figure, the averagetraffic on a randomsegment of railroadlinecan be

estimatedfroma knowledgeof national traintraffic totals. Tables8-4 and8-5 show the numbers
of miles of right-of-way, train-milesperyear, and roadlocomotive-milesperyear, as derivedfrom
ICCstatistics for 1971 (the latest year forwhich detaileddata Isavailable). From these statistics,
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TABLE 8-3

DISTRIBUTIONOF URBANGRADECROSSINGS
BYVOLUMEOF TRAINTRAFFIC

Trainsper Day Percent of Grade Crossings

0 to 2 40

3toS 18

6 to l 0 20

11 to20 13

21 to 40 6

over40 3

TABLE8-I

COMPUTATIONOF NAT/ONALA_¢ERAGEDIRECT-POWEREDTRAINTRAFFIC

AverageTrainsPer
MU_sof Train*mile_ DayPet _smeat of

Train Pdsht-of-Way perYear Pd01t-of-Way
Type (a) (b) (b +a+ 36S)

Fralght 210X 103 425 X 106 5,$

Pat_ens_r 40 X 10s 42 X 10_ 2.9

I$outco: ICC, 1971.

1
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TABLE 8-5

AVERAGE TRAIN CHARACTERISTICS z

Train-miles Road Locomotive Locomotives Car-miles Cars per
Train per Year2 Miles per Year2 per Train per Year _ Train
Type (a) (b) (b + n) re) (c + a)

qo Freight 430 × 106 1280 X I06 3.0 29620X I06 68.84_

Passenger 6.95 X I06 100 X lO6 1.4 389 X 106 5.6

zFiguresincludeallfortesofmotivepower.

2Source: ICC, 1971.



) the average number o f trains per day over a segment of right-of-way and the number of locomotives
per train can be computed, These are displayed in the third column of Table 8.4 and 8-5, respec-
tively, for freight and passenger traffic, If it is assumed that right-of-way in cities is used for both
freight and passengers, then it can be seen from the third column that the total average train traffic
(freight plus passenger) is 8,4 trains per day, This total agrees with the previous estimate. Assuming
that freight trains are distributed randomly in time, it is estimated that at the average location four
freight and one passenger trains pass during the day (7 a,m. to 10 p,m.) and two freight and one
passenger trains pass at night,

Average locomotives per train and ears per train are similarly developed in Table 8-5. The last
characteristic, train speed, is obtained by inspection of railroad employee timetables for the North-
eastern United States. These timetables show 33 mph as the average maximum allowed speed for

freight trains and 36 mph for passenger,

People Exposed

To determine the number of people exposed to various levels of Ldn, it is necessary to
determine

• The energy radiated into the community by a single train passing by.
• The equivalent energy radiated by the national average train traffie.
• How the intensity of the sound varies with distance from the traok.

The Single-Event Noise Exposure Level (SENEL) of a group of n locomotives passing by a
fixed observer at perpendicular distance rn from a track is given by the formula:

_r re

(SENEL) L = LL + lOlog (_--_) + 101ogn, (8-1)

where the subscript L denotes locomotive, L L is the level measured by a stationary obse_er at
distance ro from the locomotive, and V is the locomotive speed in ft per see,*

The value of L L computed by averaging the levels reported in Table 4-2 of the original
Background Document (U.S.E.P.AI, 1974) with the levels shown in Tab!e 4-1, Appendix J, p, J115
of this document, is approximately 90 dBA. Far a freight train with three locomotives traveling
at 33 mph,

._r 100 ft .
SENEL L = 90 dBA + 10 log t_- _'-ff_) + 5 dB (8-2)

= 100.1 dBA at 100 ft.

*A theoretical derivation of this expression isgiven in Rudd and Blackman [61 ]. According to
that derivation, the second term should be 10 log 0rr./V). Experience with actual passby
measurements indicates that 10 log (Trr/2V) gives a better approximation to the data,
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The energy radiated by the cars in a train as measured at 100 ft is expressed as

SENELC = 72 + 30log V + 101ogt, (8-3)

where V is train speed in miles per hour and t is the passby time in seconds (Source: BenderetaL,
1974).

For a train speed of 33 mph and a psssby time of 73 see (70 cars × 50 ft/cer + 48 ft/see),

[SENELT = log log"1 + I°g'l \ 10 /d (8-4)

= 101,9dBAat 100 ft.

In the preceding expression, T denotes total.
To compute the equivalent day-night energy level, the SENELs for allevents are saimmed

and divideby 24 hours, while the nighttime events are weighted by a factor of I0. Table 8-4 shows
that approximately six trains move over the average segment of track each day. (Passenger trains
are typically 10 to 20 dB quieter than freight trains and so are excluded from the exposure estimate
(see figure IX.15 of Reference 8.) Assuming that the train movements are distributed evenly through
the day, this traffic breaks down into two night and four day events, The equivalent number of
movements is therefore 2 X 10 + 4 = 24, The Ldn at I00 ft from a segment of average track is,
therefore,

Ldn = SENELT + 10 log 24- 10 log (3600 see/hr × 24 ltrs)
(8-5)

= 66,3 dBA.

The model for train noise propagation into communities is based on the model developed
for urban highway noise by Kuginr,Commins, and Galloway [72]. The theory on which that
model ts based shows the noise falloff with distance from the track (or highway) to be 4.5 dB per
doubling of distance. In addition, there willbe another 4.5 dB of attenuation caused by the
shieldingeffects of the first row of buildings next to tim track. This attenuation behavior is
approximated by using a straight line falling off at a rate of 6 dB per doubling of distance. This
approximation is reasonably accurate (giventhe uncertainty of the precise location of the shielding
buildings) out to about 700 ft, which Isbeyond the limit of the range of interest, With this propa-
gation model and the Ldn level at 100 ft (called Ljoo), the range, r, to any Ldn level can be com-
puted using the expression

r = 100 ft X l0 (L °°-Ldn)/20 (8-6)

Using Equation 8-6, tim figure for Ldn at 100 ft as developed'previously, a population density of
2500 persq. mi., and the figure of 8000 miles of urban track, the number of square miles is
estimated and, hence, the number of people exposed to various levelso1'Ldn. These are summarized
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in Table 8-6, which shows the distribution of people by Ldn interval, and Table 8-7, which shows
the cumulative distribution,

The number of people elinrinated from each exposure level by a muffler retrofit program
may be computed. First, note that the proposed standard would require locomotives to radiate
les_than 87 dBA at 100 ft. It is therefore assumed that all locomotives now in exeess of tile

standard will he quieted to a level of 86 dBA. Using Equation 8-2,

SENEL L = 96.1 dBAat 100 ft.

is computed for tile quieted condition,

The noise radiated from tile rest of the train will remain unchanged, so, using Equation 8..4,

SENELT = 99.7dBAat 100 ft.

This is 2.2 dBA less than the unquieted SENEL T (see Equation 8-4). The overall reduction in Ldn
will therefore umount to 2.2 dBA, which gives a figure of

Ldn = 64.1,

The distribution of people by Ldn interval for tile quieted ease is shown in Table 8-8; the cumula-
tive distribution is shown i_ Table 8-7.

The exposure estimates given in Table 8-7 are more conservative than those given in tile
original Background Document [81 in that they assume a degree of shielding from nearby struc-
tures. In addition, the estimates provided in the Background Document assume that each train is
hauled by four locomotives, each having a noise level of 92 dBA at I00 ft. We have determined
from current statistics that a more reasonable assumption is 3 locomotives, eaeh having a noise
level of 90 dBA.

If the propagation loss model used in the Background Document (e.g., 4.5 dB per double
dBtenee were used, plus atmospheric attenuation) while correcting the overall noise level by 3 dB
to account for the improved estimates of tile number and noise levels of locomotives, the net effect
would be to reduce the overall Ldn'S as shown in the original Background Document [8] by 3 dB

at all distances, The Background Document's estimate of 7 million people exposed to Ldn = 55 or
over would be reduced to ,5million.' The net benefit of a 4-dB locomotive noise reduction would

be a 2-inlllion-pe_on reduction In the number of people exposed to Ldn levels over 55 dB.
In view of the present uncertainty as to the proper attenuation model to use, the computa-

tion shown in Table 8-7 is regarded as a conservative estimate of railroad noise exposure and the
', revised original Background Doeumant [8] computation as an upper-bound estimate.

The overall impact of railroad noise may be judged by computing the Equivalent Noise
Impact (END, which shows, from the figures in tile last eolumn of Table 3-6, the equivalent
number of people exposed to levels 20 dB above the criterion level. In the ease of residential

areas, the criterion level is Ldn = 55 dBA [661. To make this computation, each segment, i, of

8-17

I
b



TABLE 8-6

PRESENT DISTRIBUTION OF PEOPLE BY Ldn INTERVAL

DLstaoees Aggregated
of Strip Width Area of People

Boaadaries of Strips Within
Ldn from Track Strip in U,S. Strip

Interval (ft) fit) (sq. mi.) (million)

65-70dBA 65-II6 51 ]55 0.387

60--54 116-207 91 276 0.690

55-60 207-367 160 485 1.213

TABLE 8-7

PRESENT AND PROJECTED POPULATIONS

EXPOSED TO VARIOUS LEVELS OF Ldn
(Cumulative)

Millions of People Exposed.to Given
Ldn or Greater

4 dB Locomotive Noise
Ldn Present Reduction

55 dBA 2.29 1.77

60 1.80 0,83

65 0.39 0,30

70
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TABLE 8-8

D|STRIBUTION OF PEOPLE BY Ldn INTERVALASSUMING MUFFLER RETROFIT

Distances Aggregated
of Strip Widtll Area of People

Boundaries of Strips Within
Ldn from Track Strip in U.S, Strip

Interval (ft) (ft) (sq, mi.) (million)

65-70 dBA 51-90 39 118 0,295

60--65 90-160 70 212 0.530

55-60 160--285 125 379 0.948

the exposed population is weighted by its Fractional Impact (Fli), as given by the followin_
expression:*

FIi = 0.05 (Li - 55) for L i )' 55 dBA

FIi ffi 0 for Li_55 dBA

The ENI is then computed using tile formula

ENI =_FI i . Pi •
i

where Pi is the population in the i th exposure interval.
Applying these expressions to the population figures shown in Tables 8.6 and 8-8 gives the

res.ults shown in Table 8-9. A muffler retrofit program will reduce the Equivalent Noise Impaat by
151,0130 people.

Impact Related to Land

These regulations will have no adverse effects relative to land.

Impact Related to Water

Theseregulationswillhaveno effectonwaterqualityorsupply.

Impact Related to Air

The use of more efficient exhaust muffling systems can cause a change in the back pressure
to the engine and may result in a change in the exhaust emissions level. The data, at present, are
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TABLE 8-9

EQUIVALENT NOISE IMPACT FOR PRESENT AND
QUIETED LOCOMOTIVE POPULATIONS

Population Fractional
Ldn Pi Impact FIi XPi

Interval (millions) Fi (millions)

Current Noise Impact

65-70 dBA 0.387 0.625 0,242

60-65 0.690 0.375 0,259

55-60 1.213 0.125 0.152

Total ENI = 0.653

Projected Noise Impact with Muffler Retrofit

65-70 dBA 0.295 0,625 0.184

60-65 0.530 0.375 0.199

55--60 0.948 0.125 0,I19

TotalENI -_0.502

insufficient to make other than a general statement concerning the directions the various emi_ion

levels take when a different back pressure is applied, since the behavior of the various engines and
exhaustemissioncontrolsystemsvarywidely.However,intemaicombustionengineexhaust

emissions are affected by changes in exhaust system back pressure, and they must be con-
sidered. It is important to note, however, that motor carrier exhaust emissions are higher
than rail carrier exhaust emissions per ton mile of goods transported, indicating that, in the
overall balance, rail carriers are already more efficient than motor carriers from an exhaust
emission standpoint.

It must also he noted that promulgating stricter rail carrier noise regulations at this time
may inadvertently divert cargo traffic from the rails toward motor carriers due to difficulties in

compliance with regulations, thereby causing an increase in total exhaust emissions to the atmos-
phere as well as increasing noise emissions. Based on the analysis presented, problems sucl_ as this
are not expected to arise as a result of the proposed regulation.
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DAY NIGHT EQIJWALENT NOISE LEVEL (Ldn)

Ldn is a modified energy.equivalent sound level. The energy-equivalent sound level Leq
is the level of the continuous sound associated with an amount of energy equal to the sum of the

energies of a collection of discontinuous sounds. Leq is defined by

t2

1 _t, 10NL/10 dt
Leq = 10log

where NLis the instantaneous overall noise level in dB(A) at time t, and the time period of interest

is from time tj to time t 2. Ldn is determined precisely like Leq, except that all noise levels NL
measured st night (between 10:00 p.m. and 7:00 a.m,) are increased by 10 dB(A) before being
entered into the above equation.

EXCESS ATTENUATION OF RAILROAD NOISE

Many mechanisms cause attentuafion of s',nnd beyond that caused by geometric spreading,
including molecular absorption in the air, precipitation, barriers, ground cover, wind, and tempera-
ture and humidity gradients. The attenuation vafiest with location, time of day, and season ofthe
year. To account for the attenuation produced by these highly variable sources, it is necessary to

compile detailed records of wind, temperature, humidity, precipitation, and even cloud cover on a
statistical or probabilistic basis. The following discussion is directed at abase ease that includes two

reliable sources of excess attenuation: atmospheric molecular absorption and attenuation associated
with variations in the physical characteristics of the atmosphere near the ground. Both attenuations
vary with frequency. The attenuation factors were evaluated for reference conditions of 50°F and
50 percent relative humidity.

Figure 8-7 shows how atmospheric molecular absorption and variations of atmospheric
characteristics near the ground change the shape of the locomotive noise spectrum. The high
frequencies become less important as the sound travels outward from the source. The attenuation
of the overallsound level (logarithmically summed octaveband sound levels} was found to be about
2 dB per thousand feet out to 400 ft. That value was used to calculate the propagation of locomo-
tive noise described in this report. The value for the effective overall attenuation coefficient for
locomotive noise is about the same for throttle position 8 and throttle position 1.

Figure 8-8 shows how the frequency-dependent attenuations change the shape of the spec-
trum of wheel/rail noise. Notice that here, too, the higi| frequencies become less important as the
sound trsv¢is outward from the source, The attenuation of the overall sound level (logarithmically
summed octaveband sound levels} was about 3 dB per thousand feet out to 3000 ft. That value
was used to calculate the propagation of locomotive noise desctibedjn this Background Document.
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Section 9

ECONOMIC EFFECTS OF THE FINAL REGULATION

The costs Incurred in the muffling of newly manufactured locomotives may be more readily
identified than in the case of locomotive retrofit. The following discussion identifies the major
cost areas involred in the muffling of newly manufactured locomotives, Including initial costs as
well as increased operating and maintenance costs incurred.

EQUIVALENT ANNUAL INCREASED LOCOMOTIVE MANUFACTURING COSTS ATTRIfiDT-
ABLE TO MUFFLER INTRODUCTION

Unit Incremental Total Cost

No of Manufacturing (Millionsof

Type Locomotives [8J. Cost [8] Dollars)

GM Road 843 $3025-$3630 $2.55-$3.06
GM Switcher 146 $ 242-$ 605 $0.0450.09

GE Road 100. $1815 $0.i8

1089 $2.77-$3.33

Total Annual Manufacturing Cost = $2,770,000-$3,330,000

Total Annual Manufacturing Costs Expressed as n Capital Investment Depreciated Over 25 Years.

$2f770t00025 = $110,800 $31330_00025= $133,200

Annual lncrementnl Mannfactudng Costs = $110,800-$133,200

Equ/valent Annual Increased Manufacturing Costs (over 25 years, i = 12%)

= 6.77 x $110,800 ÷ $110,800 = $ 860,900

= 6.77 x $133,200 + $133,200 = $1,034,900

Equivalent Annual Increased Manufacturing Costs = $860,900-$1,034,900

• The Average Cost [ncrea.re Per Locomotive Will Be

$2,770j000 ,, $2544/Iocomotive $3_330j000 = $30$8/locomotivc1089 locos. 1089 IOcoS.

$2550-$3060 per locomotive average cost increase.
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• Expressed As a Percentage of New Loconlotlve Costs

$ 2,550 $ 3,060
$337,000 = 0.75% $33"-_,000 = 0.91%

where $337,000 equals the 1975 average price of a new locomotive without a muffler
[72].

The addition of mufflers to newly manufactured locomotives should cause an
approximately 0.75 to 0,91 percent unit price increase.

EQUIVALENT ANNUAL INC/IEASED FUEL COSTS A'FI'RIBUTAB LE TO MUFFLER INTRO-
DUC"rlON ON NEWLY MANUFACTURED LOCOMOTIVES (OVER AN ESTIMATED 25-YEAR
FLEET REPLACEMENT PERIOD)

• Populatlonofownedlocomottves[681, assumedconstant=27.117.
• Average No. of new locomotives manufactured annually = 1089.
• Annual Fuel Cost Increase (Based on 17o Increased Consumption):

After 25-yr. fleet replacement period* = $11,900,000.

To determine an annual increased fuel cost for the initial 25 year period during which
fuel costs attributable to muffled locomotives increase in a gradient fashion as tile

number of muffled locomotives similarly increases, the equivalent annual cost has been
calculated:

First Year Increased Fuel Cost:

= 1089 new locomotive's x $11,900,000

27,117 fleet locomotives

= $48 fl,O00

Equivalent Annual Increased Fuel Cost (over 25 yrs., i = 12%):

= 6.77 x $480,000 + $480,000

= $3,730,000

Equivalent Annual Increased Fuel Cost = $3,730,000.

MUFFLER REPLACEMENT COSTS

It in anticipated that mufflers can be designed to last the life of the locomotive and will
require only highly infrequent replacement. Mufflers may be constructed of heat resistant, anti-

corrosive alloys that w'dl extend their useful lives. Also an important consideration is the fact that
the muffler will be located within the carbody of the ineomotive and will be sheltered from the

*$11,900,000 annual fuel cost increase computed by updating AAR's (1% or 40,000,000 gal.]

year) increased fuel costs estimate of $11,600,000 at 1974 prices (29 cents/hal.) to 1975 price of
(30 cents/gal.).
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harmful effects of exposure to tile elements. Further, industrial mufflers have been designed to have
useful lives of more than .20 years and it is expected that locomotive mufflers may be designed for
similarly long life spans, Accordingly, it is expected that muffler replacement costs will be
negligible,

SUMMATION OF THE MAJOR COSTS INCURRED THROUGH THE ADDITION OF MUFFLERS
TO NEWLY MANUFACPURED LOCOMOTIVES:

• Anmlal incremental locomotive manufacturing costs attributed to muffler introduction:

$860,900-$ 1,034,900

• Equivalent Annual increased fuel costs (over 25 yrs., i = 12%):

$3,730,000

• Total Cost: $4,590,900-$4,764,900

• Costs to be incurred by bankrupt and marginal railroads:

Seven bankrupt railroads may absorb approximately 22 percent of the cost for the
industry.*

Eleven marginal railroads may absorb approximately.6 percent of the cost for the
industry.

NOTI_: (1) All dollar amounts used in the preceding discussion have been converted
from 1973 and 1974 dollars to 1975 dollars, using the Bureau of Labor

Statistic's "Wholesale Prices and Price Indexes, WPI Code 24-4, Ra[Iraod
Equipment", 1975.

(2) Annual equivalent costs are tbe equal annual annuity payments made
on a hypothetical loan borrowed by the user of a product to pay for the
additional annual operating, maintenance, and capital expenditu_s incurred
over the life of tbe product due to the application of noise abatement tech-
nology. The principal of this hypothetical loan is equal to the total present
value of these initial and future expenditures.

*Percentage estimates based on present locomotive ownership, assuming that these railroads will
buy new locomotives in numbers proportional to the size of tlreir present fleets.
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SECTION i0

INDEX OF PUBLIC COMMENTS ON THE

INTERSTATE RAIL CARRIER NOISE EMISSION REGULATIONS
PAGE NO.

DOCKET NO. OF REPLY

PERSON OR COMMENT BY EPA
ORGANIZATION IN DOCKET

ANALYSIS

R001 i. Commented that railroad acoustic warning 7

Mr. B. Leeth signals are ineffective due to often load
noise levels that exist .in motor vehicle
interiors

2. Suggested that roadway drop gates equipped
with flasher units provldeadequate visual

warning without ecouetle signals

R002

State of New i. Suggested that the term "retarder" be ellm- 2
York, De- inated from Section 201.1

partment of L Suggested that railroad warning devices be 4

Environmen- regulatedEel Coneer-

vatlon, 3. Suggested test equipment and requested the 45

Albany spacdflcetlon of error tolerances within
the measurement procedures

Commented that the lOO ft. measuring d_s- 46
tamce in the standards is ton far

_004 i. Suggested that the Federal standards should 28

Shell Oil not apply to private-owned ears
Company

RO05

ADM Company 1. Co_ented Chat since a track standard was 15
not Included in the regulation, qulet rail-

cars might be penalized for wheel/tall
noise caused by faulty track

2. Cor_mented that the EPA roll car noise stand-

ards would require greater ma'intenance than
than prescribed by the FRA (1974) railroad

freight ear safety standards already in ef-
fect

10-1



?AGE NO.
DOCKET NO. IF REPLY

PERSON OR COMMENT 3Y EPA
ORGANIZATIOI [N DOCKET

INALYSIS

RO09 i. Commented that the proposed regulations 35
Mr. R. would have a substantial adverse economic

Harndem impact upon bankrupt and marginal railroads

2. Commented that adequate information as to 40
the number of people impacted by railroad
noise or benefited by the regulation was

not provided

3. Suggested that the regulation of railroad 40
equipment in rural areas is not called for

ROI0 I. Commented that adequate information as to 40

Mr. E. the number of people impacted by railroad
Sehmidt noise or benefited by the regulation was

not provided

2. Suggested that the regulation of railroad 40

equipment in rural areas is mot called for

ROll i, Suggested that the terms "retarder" and 2
U.S. Depart- "sound pressure level" be eliminated from
meet of Section 201.1

Transporta- 2. Questioned why EPA chose to regulate only 2

tigm certain railroad equipment and not all rail-
road facilities and equipment at this time

3. Suggested that retarder noise emissions be i0

regulated

4. Suggested that a regulation be promulgated 12
to protect railroad workmen from retarder
noise

5, Suggested the inclusion of noise standards 16

for refrigerator cars in the regulation

6. Suggested that refrlgerator ear owners' ig

ability to pay for mufflers be considered
apart from the economic position of the
railroeda

7. Questioned the acoustical acceptability of 24
the typical load nell test site
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PAGE NO.

DOCKET NO. OF REPLY
PERSON OR CO_fENT BY EPA

ORGANIZATION INDOCKET
ANALYSIS

R011 8. Questioned the validity of the self lead- 25

DOT (cont.) ins test

9. Co_ented that local enforcement of eta- 25

nlonary standards could result in obstruc-

tion of routlne railroad operation

i0. Suggested s moving locomotive standard as 26
a substitute for a scationary standard and

that EPA's definition of wayside surface
conditions be improved

ii. Commented that it is appropriate to limit 27

amy tall ear regulation to curves of 2
dmgrees or more

12. Commented that the270-day standards pro- 28
vide a disincentive to rebuild old loeomo-

61yes into compliance or to specify new
locomotives be delivered with the mufflers

needed to comply

L3. Suggested $153 million for retrofit as op- 34
posed to original EPA estimates of $80-
$i00 million

14. Suggested types of test equlpment that 45
should be utilized

15, Suggested certain sound measurement param- 45
etmrs in the regulation

16. Requested more than 270 days to develop 46
compliance regulations

17. Suggested that EPA propose property llne 50
standards on railroad noise

R012 i. Questioned why EPA chose to regulate only 2

Illinois certain railroad equipment and mot all rail.

railroad road facilities and equipment at this time
Association

(IRA) 2. Commented that mufflers may cause excessive 36
backpressure when appllmd to locomotlvms

3. Commented that local governments do not 43
have the ability te determine the technical

feasibility and cost of compliunce of noise

regul@tions
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DOCKET NO. PACE NO.

PERSON OR COM}IENT OF REPLY
ORGANIZATION BY EPA

IN DOCKET
ANALYSIS

ROI2 (cont.) 4, Commented that local governments could 49

make the federal regulation meaningless by
exercise of their non-preempted regulatory
authority

R013

Association i. Questioned why EPA chose to regulate only 2
of American certain railroad equipment and not all rail.
Railroads road facilities and equipment at this
(AAR) time

2, Suggested that EPA should prescribe noise 8

standards for area-type sources such as
yards

3. Suggested that EPA establish noise limits 13

applicable to noise from special purpose
equipment

4, Commented that a muffler which meets the 20

proposed full throttle standard is not

:likely to meet the idle requirement too

5. Commented that EPA understimated retrofit- 29
muffler introduction costs

6. Commented that the proposed regulatlons 35
may have substantial adverse economic im-

pact upon bankrupt railroads

7, Commented that mufflers may cause excessive 36

backpressure when applied to locomotives
and warned of increased chemical and

particulate air emissions

8. Commented that carbon collection in muffler_ 37

presents a potential fire hazard

9. Commented that increased rall_oad rates to 37

cover compliance costs may divert traffic

to more fuel intensive and polluting modes

i0. Commented that the application of mufflers 38

will result in decreased reliability of
locomotives
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PAGE NO.
DOCKET NO. OF REPLY

PERSON OR COMMENT SY EPA
ORGANIZATIOI IN DOCKET

_NALYSIS

ROI3 (cont.) [I. Commented that muffler manufacturers would 39

(AAR) have difficulty in designing mufflers for
particular engdnes unless they knew all the
parameters of the engines involved

[2. Suggested information be given as to whethez 40
people were adversely affected by railroad

noise from a healch and welfare standpoint
initially

L3_ Commented that, as a matter of statutory 42
interpretation, EPA must regulate all rail-

road noise sources according the noise con-
trol act of 1972

Ldo Commented that the setting of federal emls- 43
sion standards for locomotives and railcars

should preempt every effort to control nois_

from that same equipment by local authorities

R015 i. SuRgested that railroad warning devices be 4
Department of regulated
Environmental

2. Commented that acoustic warning devices are 6
Quality, not needed around railroad yards
Portland,
Oregon

ROl6 i. Questioned why EPA chose to regulate only 2
Fruit certain railroad equipment and not all rail-

Growers EK- road facilities and equipment at this time

press Com- 2. Suggested the inclusion of noise standards 16
party, st. al for refrigerator ears in the regulatfon

3. Requested an extension of the period of 18

time prior to promulgation of the final
reEuletlon so that refrigerator car noise
emissions could he studies in relation to
wheel/tall noise
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PAGE NO.

DOCKET NO. OF REPLY

PERSON OR COP_4ENT BY EPA
ORGANIZATION IN DOCKET

ANALYSIS

ROI7 i. Commented that hackpressure increase from 36
Salt River muffler installation will cause an increase

ProJect_ in fuel consumption
Phoenix,
Arizona 2, Suggested that the regulation of railroad 40

equipment in rural areas is not called for

R018 i. Suggested separate regulations dealing with 16

National passenger related ears equipped with
Railroad auxiliary power equipment

Passenger 2. Commented that diesel electric locomotives 22

Corporation equipped with auxiliary power generators orCAMTRAK
twln traction engines, and gas turbine
locomotives, may not be able to meet the
idle standard

3. Suggested that the moving locomotive stand- 26

srd should be speed related

4. Susgested certain sound measurement pare- 45
meters in the regulation

ROI9 i. Questioned the absence of track and right- 15

Illinois of-way standards in the proposed regulation
Environmental

Protection

Agency

R020 i. Commented that muffler costs will be higher 34
Donaldson than EPA estimates

Company, Inc. 2. Commented that mufflers may cause excessive 36

backpressure when applied to locomotives

3. Commented on retrofit problems of certain 39
types of locomotives

4. Commented that muffling/silenclng systems "39
cannot be developed independently of the
locomotive manufacturers
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PAGE NO.
DOCKET NO. OF REPLY

PERSON OR COMMENT BY EPA

ORGANIZATION INDOCKET
ANALYSIS

R021 i. Questioned the absenoe of track and right- 15

Minnesota of-way standards in the proposed regulation
Pollution

2. Questioned the interpretation of the pro- 48Control
vision in the act for special local deter-

Agency mlnations

R023 i. Suggested that EPA consider the production 36

Forestry De- end control of carbon particles in the
partmnnt, locomotive exhaust
Salem,

Oregon

R024 I. Commented that inadequate information was 40

Town of provided as to the number of people impacted
Bloomfield, by railroad noise nor the number to be bane.

New Jersey fired 5y the regulation

2. Requested that local railroad noise 48

regulations not be prohibited by the EPA's
regulatory action

3. Requested that EPA impose property line 50
standards on railroad noise

R025 i. Commented on the proposed idle standard 20
General

2. Questioned the validity of the 6dg(A) con- 51
Motors Cor-

poratlon version factor for changing measurements
made at 50 ft. to an equivalent i00 ft.

(GM) value

3. Commented that muffler installation will 51

not always provide a 6dg(A) reduction of
all locomotive noise levels

4. Questioned the distance at which the mess- 52
urementa on nolae emissions of an EMD

6P40-2 locomotive were made

R026 i. Commented that the proposed regulations 35
Mr. K.K. would have a substantial adverse economic

King impact upon bankrupt railroads
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DOCKETNO. OF REPLY
PERSONOR C0_ENT BY EPA
ORCA_IZATION IN DOCKET

ANALYSIS

R026 (cont.) 2. Commented that adequate information as to 40
King the number of people impacted by railroad

noise or benefited by the regulation was
not provided

3. Suggested that the regulation of railroad 40
equipment in rural areas is not called for

R028 i. Suggested that railroad warning devices 4
South be regulated
Carolina

Departmenc of 2. Con_nentedthat acoustic warning devices are '6
Health and not needed around railroad yards

Environmental 3. Suggested that the standards be reviewed ' 49
Control perlndical!y and strengthened as technolog-

ical advances are made

R029 i. Commented that the I00 ft. measuring dis- _6
City of tahoe in the standards is too far
Chicago, De-
partment of 2. Commented on the interpretatlon'ofthe 48provision in the act for special local
Envlrenmental determlnatlonaControl

3. Suggested that local railroad noise regula- 48
t_ons not be prohibited by Ehe EPA's
regulatory action

5030 i. Suggested the reduction of railroad warnln[ 5
C_tigene devines through the author£ry of the noise
ABalnet control act
NoVae

2. Suggested that the regulation be made 19
appl_cable to the operation of intraurbao
mass tr_nslt systems

5043 1. Suggested that the C-scale would be more 45
Mr. G.W. approprlate for this regulation than the
lf,_mpn_an, A-scale
Knmpor_n
A_ooelatae
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Railroad Con_ets

Personnel In the operations departments of the following railroads were contacted in the
course of this study.

AMTRAK

Atelfison, Topeka, and Santa Fe

Baltimore and ObJo

Boston and Maine

Burlington Northern

Chesapeake and Ohio

Chicago, Milwaukee, St. Paul, and Pacific

Chicago and North Western

Chicago and North Western

Chicago, Rock Island, and Pacific

Denver and Rio Granda Western

Durham and Southern

Gulf, Mobile, and Ohio

lllinois_ Central Gulf

Louisville & Nashville

Norfolk Southern

Norfolk and Western

Penn Central

Union Pacific

Yard superintendents, yard masters, or engineering department personnel with the following
rntlroad companies were contacted in tile course of this study.

Chicago, Milwaukee, St. Paul, and Pacific Railroad Yards,
Bensenville! lllinoise

Chesapeak & Ohio/Baltimore & Ohio Eailraod Yard,
Walbfidge, Ohio

Illinois, Central and Gulf Railroad Yard
Markham, lllinois and Cantreville, Illinois

Norfolk & Western Railroad Yard,
Bluefield, West Virginia

Peon Central Rallraod Yard,
Elklmrt, Indiana

Boston and Maine Railroad Yard,
Meuhanicville, New York
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Southern Pacific Railroad Yard,
Roseville, California

Union PacificRailroad Yard,
Cheyenne, Wyoming

Burlington Northern Railroad
Chicago,Illinois and St. Paul,Minnesota

Miscellaneouscontacts in the railroad,or related, industry

Association of American Railroads,Researchand Test Department
Washington, D. C.

General Electric Company
Erie. Pennsylvania

General Electric CompanySales
Chicago, Illinois

GeneralMotors/EMD
Lagrange, Illinois
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Appendix A

MAJOR TYPES OF DIESEL-ELECTRIC LOCOI_,IOTIVESIN CURRENT U.S. SERVICE

(1 JANUARY' 1973)





Turbo- Muffler Number Number In Service

Manufacturer Type Mode] N.P. Icharged Type Sold Years Class I Class II

3eneral _._ctor_ Road Switcher OP 39 2300 Ye_ C 87 69-70 84 3

(Eie=tro-_,_o_Ive GP/SD IJO 3000 Yes C 2217 + 66- 2213 +
_iv:siom)

SD 45 3600 yes C 1362' 65- 1362 + --

DD 35A/358 5000 Yes 2C 45 63-65 45 --

DDA 40X 6600 Yes 2c 47 69-71 47 --

Streamlined FTA/FTB 1350 No B 1096 39-P5 18 --

Cab/BOoster F2A/P2B 1350 No B 76 46

Freight/ F3A/F3B 1500 No B 1801 45-49 4_0 --
Passenger

PTA/FZB 1500 No B 3982 49-53 1207 --

F�A/F�B 1750 No B 235 94-57 205 --

Passenger Only EYA/7B 2000 No - 510 45-49 245 --

(Twin Engines) EBA/ESB 2250 NO - _57 49-53 226 --

E�A/E9B 2400 No - 144 54-63 88 --

Gene_al Switcher 44 ton 400 No - 334 40-56

500- Yes - 193 46-58 18 96glectrlc 70 ton 660 !

buu- '46 _9-56 j95 ton 660 yes

Road Switcher U25B/O 2500 yes D 591 59-66 524 I

U28B/C 2800 Yes D 219 66 . 219 --

U23B/C 2290 yes D 212 + 66- 212* --



Turbo- Muffler Number Number In Service
Hanufacturer Type Model N.P. charged Type Sold Years Class I Class II

Gene_al Road Switcher U3OB/C 3000 Yes D 470 + 66- 470 + --

Eleo_ric U33B/C 3300 Yes D 497 67- 497 + --

U36B/C 3600 Yes D 157 69- 157 + --

I U5OB/C 5000 Yes 2D 66 63-70 66 --

Alto S_,lltcher SI/3 660 No 653 40-53 _ 92 36

i$6 900 Yes E iO0 55-60

T6 i000 Yes E 55 58-69

$2/4 i000 Yes E 2012 40-61 6_i 203

_oad Switcher RSI/RSDI i000 Yes E 497 41-60

RS2 1500 Yes E 400 46--50 76 8

RS2/3 1600 Yes E 1312 50-56 564 30

RSD4/5 1600 Yes E 203 51--56

RSII/12/36 1800 Yes D 436 56-63 348 ii

O415 1500 Yes D 26 66-68 26 _-

_S32
0-420 2000 Yes D 164 61-68 121 !

RSDT/15 2400 Yes D 102 54-60 _ 119 --

RSD2y
C-424 2400 Yes D 80 59--67 --

C-425 2500 Yes D 91 64-66 B9 --

C-628 2750 Yes D 135 63-68 91 --

....... m__..



Turbo- Muffler Number Number In Service

Hanufacturer Type Model H.P. charged Type Sold Years Class I Class II

Aloc Road Swltcher C-430/630 3000 Yes D 93 66-68 84 --

0-636 3600 Yes D 34 67-68 31 --

Streamlined FA/FBI 1500 yes 581 46-50 ....

Cab/Booster FA/FB/2 1600 Yes 491 50-56 -- --

PA/PDI 2000 Yes 210 46-50 ....

PAIPB1/2/3 2250. Yes 84 50-53 ....

B_i_:.;In Switcher S-8 800 No 61 50-5g 22 15

.....a Hamilton DS-h-4-10 i000 Yes h33 46L51 136 ,_""

..... S-12 1200 Yes 449 51-56 190 36
Road Switcher RS-12 1200 Yes 46 51-56

DRS-N-16

RS-NI6 1600 Yes 447 47-55, , 76 29
i

St_eamllned RFI6/16B 1600 Yes [ 160 50-53
l

Fairbanks Switcher HI0-4_ I000 No 197 44-49 40 6'

:Corse H17-44 1200 No 306 50-5S 16_ 9

Road Switcher H16-44/66 1600 No 384 50-63 105 --

H24-66 2400 No 105" 53-56 31 --

_:hitcomb Switcher 600 '' -- 5

.i_..ou,h Switcher 300 1 3

Cooper Bessemer Switcher 1200 7

'i

I



,IMuffler Number Number In ServiceTurbo-
Manufacturer Type Model H.P. charged Type Sold Years Class ! Class II

.... " 0 21

3u.'r_ins Switcher 470 4

H.K. _o_er Swltehe_ 500 1
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REVIEW OF THE USE OF AUDIBLE TRAIN MOUNTED

WARNING DEVICES AT PROTECTED RAILROAD -

HIGHWAY CROSSINGS

B.I Requirements For the Use of Audible Warning Devices

The stopping distance of trains is much longer than

that of motor vehicles, they are much more difficult to

reaccelerate, and due to their length they often overlap

more than one road intersection at a time. Therefore,

trains have traditionally had the right-of-way at level

crossings, while motorists are expected to look out for

trains and give way. The burden is .then placed upon

the railroad to assist the motorist in determining when

a train passage is imminent. The traditional method of

doing this is to sound a whistle and/or bell and keep a

headlight burning on the head ends of all trains, and to

mark the crossing in some manner so as to attract the

attention of approaching travelers.

Public Railroad-Highway grade crossings may be equipped

with one of the following, which are classified herein

into the three major headings shown:

(a) Unprotected

(i) Unilluminated stop-look-listen sign or

"cross buck" at the crossing generally accompanied by

striping and words painted'on the road surface and passive

prewarnlng signs in advance of the crossing.
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(2) AS above, plus continuous (night time)

illumination of the crossing and/or the signs.

(3) As above plus flashing amber caution lights.

(4) Any of the above, plus "rumble strips" on

the road surface.

(b) Protected (no gates)

Thie group of systems may employ combinations of the

signs,lights, markings, etc. from (a) above, but is distin-

guished by the addition of:

(1) Flashing lights generally plus bells, which

are actuated upon the approach of the trains(s) by virtue

of automatic electrical signals attached to the tracks.

These systems are arranged to be fail-safe, in that most

_nternal failures cause the signal to indicate the approach

of a train.

(2) Traffic lights may be used in some places,

in lieu Of the characteristic flashing crossing lights,

but also conveying the intelligence that a train(s) is in

fact in the vicinity.

(3) Watchmen, stationed at the crossing, or

trainmen walking with their train, will "flag" motorists

or may activate lights or other devices.

(o) Protected With Gates

In addition to active signals and advance warnings

as in (b) physical barriers are automatically dropped in

the motorists' path upon the approach of the train(s),

often with lights attached thereto.
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These gates may interrupt only the approaching highway

lanes (half gates) or both lanes on each side (to discourage

driving around) and may be supplemented by small

pedestrian gates at walkways. However, these gates are"

not constructed so as to physically restrain vehicles, but

are really a type of "sign", intended to assure driver

attention and realisation that a train is to be expected.

Gates are commonly used at busy crossings where there are

two or more tracks, to add a degree Of protection against

motorists proceeding as soon as one train has passed, when

there may be one approaching on another track.

The cost of installation of crossing signals varies

widely and depends, greatly upon particular local circum-

stances. Modest installations with gates average about

$30,000, and may be as high as $60,000. The annual cost

of inspecting, maintaining, and repairing protected

crossings is about $i,000 each, not including the cost

of roadway and track work.

Complete grade separations may cost hundreds of

thousands of dollars, or even millions, and while many

are being constructed, the number is not statistically

significant within the context of the overall problem.

(When separations are installed, it is usually possible

i to arrange for the outright closing of a few nearby

crossings, thus expanding the safety benefit of this

large investment.)
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The level of crossing protection installed at a

particular location is determined by the hazard involved

which is effected by the amount of road traffic, the

number and speed of trains passing and topography. This

may be determined by the judgement of local officials,

the railroad managements, or both and is often established

simply by a past record of accidents at a crossing in

question. The investment in crossing equipment may be

the responsibility of the railroad, the State or local

government, the Federal government or any combination

thereof. This question has been the subject of much

controversy in the past, and is in a state of flux

at present, with the trend being toward greater govern-

ment responsibility although some railroads continue to

spend large sums of their own money on new systems every

year. Automatic signal system maintenance has always

been the responsibility of the railroad.

Train-born signals to warn motorists and pedestrians

of the approach of trains are required by most States.

Federal safety regulations are confined to the inspection

of such devices on locomotives, to the end that - if

present - they shall be suitably located and in good i

working order (Safety Appliance Act, 45 USCA; 49 Code of
i

Fed. Regulation 121, 234, 236, 428, 429). The Federal

government has shunned greater regulatory responsibility

in this field in the past. There is a very significant
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Federal research and promotional effort underway to

improve grade corssing safety, however.

The State laws requiring train-bern signals do

not quanlify their loudness. It is common for the State

laws to quatify the requirement to apply all public

crossings except in municipalities, leaving the use of

horms or bells in towns and cities to local discretion.

A survey of the 48 contiguous States yields the

following summary of information regarding their

regulations:

.. Requirements for Sound signals at public crossings

imposed by:

Statute 38

Public Utility Commission 1 (Calif.)

Common Law 3

Penal Code 1 (N. Y.)

None or no information 5

48

.. Requirement at private crossing: - if view is

zObstr6oted .... 1

.. Signals to consist of:

Whistle or bell 24

Whistle and bell 7

_listle 6

Bell only 2 (Fla. & R.I.) (a)

(a) Florida restriction to bells applies in incorporated

areas and is accompanied by a speed restrlction of 12 mph.
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.. Distance at which signal is to be sounded:

Beginning at a minimum of distance (35 States

varying from 660 feet in Michigan to 1500

feet in South Carolina, with an average of

1,265, the most common being 1,320 feet

(80 rods).

Beginning at a maximum distance (3 States):

Montana 1,320, Ohio 1,650, and Virginia

1,800 feet.

To continue until train:

Reaches crossing 35

Is entirely over crossing 3

.. Exception of some form provided for incorporated

areas in at least 15 States:

California, Lowa, Indiana, Kentucky, Michigan,

Minnesota, Missours, New Jersey, New York,

Nevada, Utah, Virginia, Washington, Wisconsin,

and Florida.

.. Exception provided at crossing with:

Gates and/or watchmen - Delaware

Flashing lights and bells - Illinois

(More is said about exceptions in a later section of

this report.)
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Railroad operating rules reflect the ordinances in

effect in the areas through which they pass, generally

encouraging the use of warning signals at the discretion

of the operator to avoid accidents, but admonishing

against unnecessary soundings. Specific supplementary

advice is contained in Standard Rule 14, which is adopted

by many carriers, requiring the sounding of signals in all

situations where two or more trains are at or approaching

a crossing simultaneously, due to the extra hazard con-

sequent to the limited view and preoccupation of approach-

ing motorists and pedestrians when they see or hear just

one of the trains.

Two good examples of State requirements for the

sounding of warning signals at crossings are those of

California and West Virginia, attached hereto as Appendix

AI, A2, and B, respectively.

Over and above statutory and regulatory requirements

for the use of warning signals on trains, the judiciary

and juries have tended to assume that there is a burden

upon the operators of railroads to employ such devices.

Numerous judgments have been made against railroads in

court cases wherein the sufficiency of warnings were

questioned, particularly by juries and seemingly to a

relatively greater degree in California. As a result,

railroads are reluctant to dispense With any ordinary

action which might be construed to be a contributing factor

in crossing accidents. More will be said on this topic

B-7
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in a later section.

In addition to requirements for warning travellers

at level crossings, the State of New Jersey Public Utilities

Commission has ordered that passenger carrying railroads

operating in that State sound a horn or whistle prior to

stopping at or passing through a passenger station on

a track adjacent to a platform. (January 20, 1972,

Docket 7010-525) Subsequent modifications limited this

requirement to one long blast, during daylight hours, and

then only when the engineer has reason to believe persons

may be in the vicinity of such platforms.

B. 2 Railroad - Highway Accidents

There are over 220,000 public rail highway crossings

at grade in the United States, of which 22% are actively

protected (Categories 2 and 3). (There are also about

150,000 private crossings. )

In 1972 there were almost 12,000 public crossing

accidents, resulting in 1,260 deaths. These totals have

been decreasing slowly since 1966. In 67% of these accidents

the train istruck a motor vehicle, in 28% a motor vehicle

struck trains and in 5% trains struck pedestrians or there

NOTE: Figures in this section are taken from references
(4) and (6). Accident figures sometimes differ
between references due to the $750 cost baseline
for reporting accidents to the Federal Railroad
Administration. Crossing figures may differ due
to the inclusion or exclusion of private crossings.
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were no trains involved. 39% of the collisions occurred

at crossings provided with gates, watchman, audible and/or

visible signals, while 61% were at crossings having signs

which did not indicate the approach of trains (Category !).

63% of the collisions occurred during daylight, and

37% at night. It is believed that about 67% of motor

vehicle traffic flows in the daytime, 33% at night, suggest-

ing a slightly higher crossing hazard at night (37% of

the collisions with 33% of the traffic).

Automobiles constituted 73% of the motor vehicles

involved, trucks 25%, motorcycles 1.3% and buses 0.3%.

When motor vehicles struck sides of trains, they

usually contacted the front portion thereof, particularly

during daylight; the propensity to strike elsewhere in-

creases at night. The side of train category appear to

be twice as hazardous at night, in that 53% of them occur

then, with 33% of the traffic, with the peak occurring

between midnight and 2 a.m. In fact, when these are de-

ducted from the total, the train-strikes-vehicle collisions

are in about equal proportion to the traffic distribution,

day and night.

The propensity for accodents at actively protected

crossings is also greater at night than in daylight, per

unit of traffic, perhaps indicating that driver alternens

iB a more significant factor in these oases.
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TABLE i. SUMMARY OF PUBLIC CROSSING TYPES,

LOCATIONS AND ACCIDENTS (1970)

URBAN RURAL TOTAL

GATES (category3) 5970 2970 8940

SIGNALS (category 2) 18050 14620 32670

OTHER 0R MANNED 4240 2680 6920.

TOTAL ACTIVE 28260 20270 48530

(ACCIDENTS) (3624) (1533) (5157)

PASSIVE (category i) 50860 12385 17471

(ACCIDENTS) (3827) (3428) (7255.)

GRAND TOTAL 79120 144120 223240

(ACCIDENTS) (7451) (4961) (12412)

There were 70 fatalities in i972 at gates, and

440 total at all active crossings, somewhat less than one

per i00 crossings.

Accident rates and severity are significantly higher

at actively protected crossings, indicating that the

greater hazards where they are installed are not fully

compensated for by the increased protection. The rates

are also higher in urban areas than rural, for both

active and passive crossings, so that in the very areas

where noise exposure is greatest, the safety situation

is worst.
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It could also be argued that the accidents which

occurred in spite of the active protection demonstrate

the ineffectiveness or waste of warnings such as train

horns in such areas.

While vehicle traffic, train traffic and speed

continue to increase, protection installations are also

increasing, and the total number of crossings is de-

creasing. The 1973 Highway Act provides a total of

$175 million over a three year period for crossing safety,

on a 90/10 Federal share basis, or a potential total of

$193 million, of which at least half is to be spent on

active protection systems. Gate installations constitute

about 30% of all new protection, and since such systems

cost about $30,000 on the average, approximately 1,000

more gate installations should occur during this three

year period, in addition to those installed at railroad

initiative. The Northeast Corridor is already on its

way to being totally without level crossings of any kind.

NOTE: Reports of crossing statistics vary from year to
year, are often based on different reporting
criteria and may be for either public and private
crossings.
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B.3 The Impact and Effectiveness of Locomotive Horns

Acoustical Characteristics and Noise Impact

The audibility of air horns, the predominant warning

devices which are the subject of attention herein, has

been investigated (I) as part of a DOT program to make

crossing warning systems more effective. It was fourld

that the horns which are presently employed are not very

effective, and to be so it would be necessary to increase

their loudness, "warbling" and/or the use of as many as

5 chimes (pitches) have been recommended. Obviously,

since the whole purpose is to gain attention and instill

a sense of imminent danger and alertness in persons

located at 1/4 mile distance, such signals are bound to

be disturbing - by definition.

Figure 1 shows the approximate noise pattern of an

average locomotive horn. In order to increase motorist

impact to a degre_ sufficient to be of real value, the

loudness would need to be increased as much as 23 dB,

resulting in a loudness of 128 dB at i00 feet. (The

A and C weighted loudness of the common air horns are

almost identical; no distinction is made in the literature).

Loudness at 90° from the direction of movement is

5 to i0 dB less than straight ahead and it is possible
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that this pattern could be improved somewhat, but the loud-

ness should be substantially maintained to at least 300

each side of center due to the variation in angle of approach

of railroads and highways.

This problem of audible warning is shared with emer-

gency vehicle sirens. Fire, police and rescue units have

a parallel problem. With motor vehicl_ windows closed,

in modern, acoustically well constructed vehicles, and

with road noises and/or air conditioning, radios, etc.

competing with the warning devices, at least 105 dB is

needed outside a vehicle in order to gain the attention

of most drivers. Research is underway to determine the

feasibility of installing warning devices inside motor

vehicles, which would be actuated by the approach of a

train or an emergency vehicle.

In Figure 1 are shown the acoustical characteristics

of the common railroad air horns, the orientation of

train and vehicles in a set of relatively high speed en-

counters, such that the motor vehicles shown would have

a reasonable stopping distance to the point and instant

of train passage at a crossing. Table 2 lists the required

noise levels at vehicles travelling at various speeds

(exterior background noise assumed dominated by running

noise of vehicle) to gain the attention of the drivers;

the 50% attention column nearly corresponds to the average
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TABLE 2

VEHICLS SPSED dE OUTSIDE VEHICLE'FOR % FOR DRIVERS TO NOTICE

50t 98%

> 35 mph 83 i01

36 - 50 mph
87 105

. 51 - 65 mph 91 109

I (SOURCE: REF i) STANDARD DEVIATION - 6dB
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Table 3

% of Population

1. Unprotected 33.0 million 16

2. Signalled 13.7 6

3. Gated (3.7) (2)

Total 46.7 million 22

(Signalled includes gated)

This would indicate that one-fifth of the total

population is "within hearing" of a grads crossing. In

fact, the noise patterns are probably much less severe

than shown here, due to topographical features, and manyi

! of the protected as well as some of the unprotected

crossings are covered by restrictive ordinances, so that

probably more like 10-15% of the people are exposed to

the 77 dB or greater level used here for illustration

(exterior to dwellings, etc.).

If the use of horns was prohibited at all actively

protected crossings, 30% of these exposures would be

avoided. If such a restriction was confined to crossing

with gates, 8% of the exposures would be avoided. These

abatement measures would be noticeable to about 3% or i%

of the population, respectively, allowing for attenuation
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locally and background noise and the fact that many

crossings are already covered by such rules.

Assuming that the use of signals and gates corresponds

to the highest hazard levels or volume classes as depicted

by the Department of Transportation, the number of daily

train and vehicle passages at the crossings in question

has been estimated as shown in Table 4.

Table 4

Daily Trains Daily Vehicles

Total over signalled
crossings 950,000 160,000,000

Average per signalled
crossing 20 3,300

Total over gated crossings 200,000 70,000,000

Average per grated crossing 22 7,800

If the average train sounds its horn over a period of

12 seconds, the average citizen within 1,000 feet will experi-

ence the noise at 77 dB or more for an average of 8 seconds.

At gated crossings where horn blowing occurs 22 times per day,

the equivalent energy produced (Leq) is 50.1 dB, whereas at

signalled crossings where it occurs only 20 times per day, the

equivalent energy would be 49.7 dB.

People residing within hearing of grade crossings

are generally conditioned to the sound, which tonewise
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is not particularly disturbing. The most common casual

notice of the use of horns at crossings is expressed by

persons staying at motels, which are not infrequently

located on highways which parallel railroads and are near

road crossings. Being otherwise unaccustomed to the sound,

it is quite noticeable, particularly at night.

Warnin_ Effectiveness of Horns

AS noted above, at present only about half of all

motorists can notice the sound of a train horn when they

are driving and their windows are closed, even under ideal

conditions. And the alerting capability - even if the

horn is noticeable - is still less. It is impossible to

determine how many accidents have been prevented by the

routine sounding of horns, although it is apparent from

the experience of train drivers that many accidents have

been averted by the ad hoc soundlng of horns, while an

even greater number have occurred in spite of it. However,

these comments are directed to all crossings, passive

(unprotected) as well as active (protected). It is unlikely

that either routine or ad hoo use of horns at crossings

where lights are flashing and bells are ringing at the

crossing significantly improves ordinary driver attention,

particularly where gates are lowered as well. On the other

hand, some drivers and most pedestrians can hear the horn

when it is sounded. Also, in those occasional incidents

where a vehicle is stalled on a crossing the horn may serve

B-19
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to divert people from continued efforts to move their

vehicle and to depart forthwith on foot. But in the latter

case, sounding on a routine basis is probably not necessary.

Attsched hereto as Enclosures C, D, and E are _abridged)

reports on three rather typical grade crossing accidents

wherein the accidents occurred in spite of crossing signals

and the sounding of warnings by the train. These are

selected somewhat randomly, to illustrate by example a

kind of crossing accident which is all too common.

• B.4 Prohibition aqelnst the use of audible devices

It is already quite common for the routine sounding

of horns or whistles to be prohibited, except in emergencies.

It is also common for these prohibitions not to he enforced.

A careful search for eases where such prohibitions appeared

tot or were claimed to contribute to an accident has not

yielded evidence of a single such situation.

_ong the localities which restrict the use of horns

are those listed in Table 5.
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Table 5. Some Localities with Restrictions

Notes

The State of Florida (2)

The State of Illinois (i)

The State of Massachusetts

Chicago, Illinois (1) (2) (3)

Houston, Texas (1) (2}

Minneapolis, Minnesota

Buffalo, New York (1) (2)

Philadelphia, Pennsylvania

Knoxville, Tennessee (I) (2)

Durham, North Carolina (2)

Mason City, Iowa (3)

Warren Pennsylvania

Elkhart, Indiana

Toledo, Ohio

Colt_us, Ohio

Akron, Ohio

Lynchburg, Virginia (i) (2)

San Bernadino, California (1)

South Holland, Illinois

Elmhurst, Illinois

Lockport, N.Y.

RochQster, N.Y.

(i) Contacted local authorities in course of this study.

(2) Specific Information contained InEncloeure F.

(3) Not enforced. B-21



The 15 states where requirements to use horns are

excepted, but not necessarily prohibited, in incorporated

areas are:

Table 6.

California* New Jersey

Florida New York*

Iowa* Nevada*

Kansas Utah

Kentucky* Virginia*

Michigan* Washington

Minnesota Wisconsin

(*also have local-option provision)

In 4 additional states there is a local option provision,

allowing cities and towns to relieve requirements:

Table 7.

Illinois North Carolina

Indiana West Virginia

TWO states permit silent running at crossings with

certain protection systems:

.. Delaware: warning requirements do not apply when

crossing is protected by watchman or gates.

.. Illinois: requirements do not apply when crossing

is protected by automatic signals (with or without

gates).
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One of the most comprehensive Noise Control Regulations

thus far drafted in the United States is that of the State of

Illinois. As it stands, its property line limitations would

affect the use of audible crossing warning devices except that

its Rule 20B, Exceptions, states: "Rules 202 through 207

inclusive shall not a_ply to sound emitted from emergency

warning devices and unregulated safety relief valves."

Thus, it can be seen that there is considerable

precedent for placing constraints upon the use of audible

warnings, with no apparent adverse effects. However, they

are not uniformly enforced, and where enforced, the carrier

generally receives written instructions from the constraining

authority, and is nevertheless impowered to sound warnings

"in emergencies"..."in the event of impending accident"...

etc.

B.5 Judicial Background

Tort litigation constitutes the bulk of the legal or

judicial history of grade crossing safety responsibility.

Abstracts of 2500 cases throughout the United States during

the period 1946 to 1966 have been surveyed (3), checking

into 300 possibly related to the question at hand.

In addition, 5 cases were cited by a cooperating

railroad as illustrative of the railroad liability question.

One of these was found to be inapplicable to the question

at hand, three were decided in favor of the railroad. In

the ether, a jury found for the plaintiff, although a

B-23



whistle had in fact been sounded. Of these, 21 appeared to

be somewhat related and the case records were reviewed.

Nothing was unearthed which would appear to deter Federal

or local constraints on audible traincarried devices at

protected crossings.

Several themes are woven through the opinions rendered

in the many cases on record. These are certainly not

uniformly respected, but they are sufficiently common as

to be noticeable:

.. Safety provisions, including warnings, should be

oompensurate with the specifies of local conditions.

.. The railroad is expected to give "adequate and

timely" warning of the approach of a train. The railroad's

case is often intended to show that their warning could

have been heard by an attentive motorist.

.. TO be cause for placing liability, an omission on

the part of the carrier generally must be shown to have

contributed to the event in question.

.. Motorists are generally expected to he cautious

at crossings, to the extent even of stopping or look

"and listen".

.. Contributory negligence on the part of a motorist

is generally taken into account.

The fact remains, however, that courts, especially

Juries, have extracted severe payments from railroads,
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seeming usually to give plaintiffs the benefit of all doubt,

For this reason, railroad companies are understandably at

pains to make any changes which could conceivably be con-

strued as a reduction in safety precaution (or increase in

hazard). Also, the employees charged with operating trains

are usually subject to prosecution under criminal law if

negligence and/or violation of a statute might be involved,

and are thus inclined to err in the direction of sounding

their warning devices, not to mention their sincere personal

desire to avoid injury to even the negligent public, as

well as themselves. (Collision between trains and large

trucks, especially those'carrying hazardous materials, are

very dangerous to the occupants of the train.) A possible

flno for violation of a noise ordinance is not nearly as

imposing a threat as the liablility, criminal action and con-

science which accompany the threat of collision.

B.6 Summary

One of the railroad noise sources which has been

cemented upon An the course of interstate rall carrier

regulatory development by this Agency's Office of Noise
[

Abatement and Control, is that of railroad train horns

which are sounded routinely at grade crossings. It has
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been suggested that such sounding be prohibited in cases

where automatic_ active protection is in operation at

the crossing itself, particularly where this protection

includes gates.

Howevert it remains that the routine sounding of horns

might be contributing to the prevention of some accidents.

Certainly, a small segment of the population is exposed to

serious noise intrusion thereby and a reduction in their

welfare, particularly at night. But it is the Agency's

position at this time, that it would be imprudent to single

out and restrict night time use of horns, since the crossing

hazard with regard to driver behavior is, if anything, worse

at night.

In view of the questionable value of train horns for

warning highway drivers, particularly at locations having

active crossing signals, it may be appropriate to encourage

the abolition of routine use of horns at crossings so

equipped, particularly but not necessarily only those

with gates. The circumstances which determine hazard

levels as well as noise intrusion vary widely and are

peculiar to local circumstances. It is therefore concluded

that regulation of railroad warning be best left to the

option of local authorities at this time, recommending

thereto that consideration be given to restrictions upon

the routine sounding of train horns at protected crossings.
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_q_/_URE A

Public Utilities Code Annotated of the
State of CalifomLia

Adopted May 31, 1951
Page 784

AR_CLE 8
CRD_S

Collateral References

§7678. emission to sound bell or whistle. Every parson in _ of
a loccm3t/ve-enginewho, before corssing any traveled public way, omits
to cause a bell to ring or steam whistle, a/r siren, or air whistle to
sound at the d/stance of at least 80 rods from the crossing, and up to
it, is guilty of a misd_neanor.

Legislative H/story

Enacted 1951. Based on fozmer Pen C §390, as asended by Stats 1949
eh 391 § 1 p 733, without substantial change.

Collateral References

Cal Jut 2d Railroads 44

MeKinney's Cal Dig Ra/ircads _ 71.
Jut Railroads S S 357 et seq.
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PUBLIC UTILITIES CODE, STATE OF CALIFORNIA

(Abridged)

?604. A bell, of at least 20 pounds weight, shall be placed on

each locomotive engine, and shall be rung at a distance of at

least 80 rods from the place where the railroad crosses any

street, road or highway, and be kept ringing until i.__tthas

crossed the street, road, or highway; or a steam whistle, air

siren, or an air whistle shall be attached, and be sounded

9xcept in cities, at the llke distance; etc.
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ENCLOSURE B

THE WEST VIRGINIA CODE

{Abridged}

§ 31-2.8. Warning of approach of train at crossings; crossing
railroud tracks.

A bellor steamwhistleshallbeplacedoneachlocomotiveengine,whichehall
berungor whistledby theengineeror fireman,ata distanceof at least sixty
rodsfromtheplacewheretherailroadcrossesanypublicstreet orhighway,and
be keptringingor whistling for a timesufficient to give due noticeof the
approachof suchtrainbeforesuchstreet orhighwayis reached,andanyfailure
so to do is a misdemeanor punishable by a fine of not exceeding one hundred

dollars; and the corporation owning or operating the railroad shall be liable to

any party injured for all damages sustained by reason of such neglect.

I. SCOPE OFSTATUTE AS TO Provisions of section arc minimum
WAIININGS, reqxalrementM,-- Tile )revisions of this section

as to warni,g eignals are of broad application
A. In General. and arc minimum re_ ulrements, and bl every

Mlehle'sJuelsprudence,--For full treatment case the comp _nce with t I s statute, plum the
of becidentsat crossings, see 15 M.J., Railroads, presence of an _fflclently operat(ng
§§ 6_101. As to duty to give signal by bell or crossing.bell will not (a _rt from tile question of

whistle, see IS MJ._ Railroads, §§ 81-83. , contributory negligence of tile plaintiff_
ALR references. -- Railroad ecru)any a constitute nn ironclad defense to the railroad,

negligence ,1 respect to manta niag flagman at under all circumstances. Uaflimorv & O.R.R.v.
et_qdng, 16 ALR 1273; 71 ALR 1160. Dencun, 161 P,2d 674 (4th Cir. 1947h

Dutyofrailroadcompanytomalnta[nflagman Travelers have the right to assume Ih,I
at crossing, 24 ALR2d 1161. traLn_ will give the usual lignall at ero_l_|s.

Admissibility of evidence of train speed prior blorrls v. S_itlmorc & Odt,R., 107 W. Vs. 97, 147
togrode-crossingaecldant,and competencyof S,E,5,17(1929h
witness to testify thereto. 83 ALR_d 1329. Rut railroad unly owes duly to signal u

Tlie¢ommon.towrequirementuatomignals required by statute. -- The driver of an
Is fully usegu¢ting as Ibe statutory duly, Wbac _utomobile oua public crossing isan invitee,and
the nodce and warning to the public shall be the railway company is hound only to use
depends, under the common law, upon the reasonable care not to collide with the
cITeumstancesof eachease;hut sonic adequate automobile,had owes only the duty m glee the
methods of apprislng travelers of the crossing slgna]s provided by statute. Cbesopoake & O.
must be practiced. Niland v. M()nongaht,la & Ey. v. Hurtwelh 142 W. Vs. 318, 95 S.E.2d 462
West Penn Pub. Sore. Co., IS6 W. Va, _2_, )47 (1956h
S.FI 478 (1928}.

floth bell and whklle are not required
without statute. _ There is no absolute Althlslecttonlllntendedtop_tectperaml_
requirement upon a rai[ropd company to blow u on highway, -- The duty imposed by statute to
whistiesndrlnaabellatscrossJnguniessrnade mounda hell or whistle wizen appro_iehing ,_
so by statute. Niland v, Monongahela & West public crossing does not require a railroad

company to give such warning elsewhere th_n
PennPub,Sere.Co.,106W. Vu.52g,147S,E,478 e,ttheplacessodesignated,becausetheyarenot(19_h

intendedtoaffordprotoctlontoemplo esof the
The methods of apprising travelers of _ op_mtinRcgmp_ny,.butto_..,_,,0_.vlY._eso_s.o_z_z.tht,,v.wvnscrossingalmost universally adoptedare by the

rlngin_ of a bell or the soundingof a whistle, but
rns u|e the rlilro&d tntcbe M pm'ti of tht public

inorder lo make both obligatory, the use of both hlg_way. Jones v, VirslniJm Ry., 7g W. Y|,. 666,
must be calledfor by a statute.Nilnndv. 83S,E.54,1916CL;R,A,,128(19141.htonong_hela'& West Penn Pub, Sere.Co,, 106
W. Va, 528, ld7 S,E. 47811928).
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ENCLOSURE C

MULTIDISCIPLINAR¥ ACCIDENT INVESTIGATION

Case No. UC852D

(Ab_IdEed)

Prepared by

Un£vers_ty of Califoru£a
Los _."_geles_ Cal£focnia

The coercer, o4 _his report reflocC the viewJ of
the perform_ns orsmn£aacLon wh£ch £s reJponm£ble
for the farce and ChQ &cca_4cy o_ che dJzA pre-
aen_ed h_rcin. The conCenCs do noc neccasarily
reflect the offtcLal views or policy of tha
DeparC_enC of Tr_nsporca_Loa. ThtJ repor_ doaJ
nec cona&_cute • s_and_d, mp_clf_ceLlon or
tabulation.

t
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UCLA COLLISION INVESTIGATION PROGRAM

VEHICLECOLLISION REPORT

Preparedfor the U.$. Departmentof Transportation
National HighwaySafety Bureau,

UnderContract FH-11o6690

Certain informationcontained in th_sreport is obtained from indirect sources.

Theopinions, frndingseandconclusionsexpressedin this publication are those
of theauthorsandnot necessarilyof the National Highway Safety Bureau.
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U. C. 852D

1. STANDARD CASE SUMMARY

1.1 SUMMARY TEXT

IDENTIFICATION: This train versusautomobile collision occurred on a Thurs-
day at 10:51 a.m. at a combination intersectlon/railroad

crossingin California. Maximum occupant injury severity: critical (06) Collision
causation: driver inattention.

AMBIENCE: Day; weather clear and dry; roadway dry.

ROADWAY: A straighb asphalt, undivided roadway, 75 ft. wide with
curbs, in a suburban area with speed limit of 35 mph. The

collision site is at a railroad crossing, 25 feet before a T-'nterseahon. The road hasa
negligible crown, and is upgradeat the site. The roadwayhas three intersections within
one-quarter mile of this intersection.

TRAFFICCONTROLS: The lanesare separatedby broken white lines with opposing
• lanesdivided by double-doubleyellow lines. There is a

railroad automatic signalanda traffic slgnal at the rQilroad crossing. There were no
i. • , •crossinggatesat the time of the collision. Four auto/train collisions o. this site in past 3 yrs

VEHICLES: Vehicle _1: Freight trai,_weighing approximately 400 tans.
Ve_: 1967Cadillac Coupede Ville two-door hardtop

with powerwindowsand seat.o_apparent defects. Collision damageto right door
causingintrusion of 12". Occupant contact wi_h intruding door and train. Deformation
Index: 03RPMW2.

OCCUPANTS: Vehicle //2: Driver: 59-year-old female, height, 64",
weight, 160s.l'b-_'-C_apbelt in use. No HBDor drugs. In-

juries: fractured rlb, lumbar back strain, abrasions, and contusion.

Right Front: 63-year-old female. No restraint
in use. No HBD ordrugs. Iniuries: com'_ound,depressedskull fracture wlth cerebral
contuslon, abrasionsand contusionsover body.

DESCRIPtiON:

Pre-colllsion: Vehicle //2, the Cadillac, approachingthe T-interseci'ion,
foiled to stop at the railroad crosslngin sp_teof the warning

lights and bell. Slowing for the red light at the intersectlcn, the Cadillac entered the
lrack_, _ntothe path of the train. Thetrain waseastboundat approximately 15 mph_
approaching the crossing. The train engineer wassounc!ingthe whistle and applied his
brclkeswhen he saw theCadillac in crossing.
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U. C. 852D

Collision: The train struck the Cadillac in the right sider pushingit 150
ft. along the railroad tracks. The Cadillac remained in a

pasillon at a right angle to the railroad tracks. Occupantsof the Cadillac movedto the
right, andthe right front occupant wasstruck by the intruding train.

Post-colllslon: Occupantswere hospitalized. Railroad a_'ossinggates were
later installedat the crossing.

1.2 CAUSAL FACTORS,CONCLUSIONS, RECOMMENDATIONS:

Matrix cell Explanation
("indicates positive factor)

] Driver inattention and/or distraction appear to be
the chief causeof this collision.

4 Air conditioning on, with windowsrolled up, makes
it difficult to hear train or warning bells.

5 Right door penetrationof 12_'dueto side impact.
Doormetal torn in area of hinges.

5 It is recommendedthat integrated side structures
be employed,combiningstrengthof frame, door
sill, bodypillars _nd roof.

5* Right:doorlatch and hingesdid not fail.

7 Driver's view of oncomingtrain partially blocked
by shrubberyalong tracks.

7 Vehicles were allowed to stopon railroad tracks
while waiting to turn at interseaHon."

7 It is recommendedthat visibility at oncomingtrains
be maximizedby remov|ngobstruction._. Vehicles
shouldnot be allowed to walt on railroad tracks.

B* Railroadcrossinggate was installed and light
locationswere al feted after the collision.
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1.3

TREES

IC LIGHT

i 'N-_
.__ ..'_1

_ <. -?

CROSs-rX-_

WALK _ _ _! ". ...............

/ -' FEET

'-li,'_3. VI-FREIGHT TRAIN

V2-1967CADILLACCOUPEDE VILLE
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ENCLOS UR_ D

SOUTHWEST RESEARCH INSTITUTE

CASE SUMMARY
(MV-TRAIN-INTER SECTION COLLISION)

Case No. 7173

IDENTIFICATION (Abridged)

This accidentoccurredat the MKT raUroad_radecrossingon Eisenb..1uer Rd.at 1H35 in San Antonio.
Eex_rCounty. Text. on Thursday. September30_ 197X at 1335 IIogts. involving the colJJsinnof a diesel
frelghl arlene and _ 19TO four-door station wagon wiHz a latin driver. The westbound automobile was
struckon itsleft_;dcby the northboundlocomotive.The areair rcsidenUa].The accld_ntw_ in]uw-
producing;AIS S_verity Code No. 3.

AMBIENCE

It was d_yUm¢ wilh partly cloudy skies,85_F dry buin, 57 percentreiati*.'=humidJly, I O-mphbreeze
blowin_ front the_ Utheas,t; Ihe roadsurfaceswere dry and clear of debrisand Ioot,¢gravel,

IIIGHWAV

Eisenhuuer Rd. in a major accessartery between the interstate loop expresswaysystem and the

residentialareasof norl heast San Antonio. I! is a 41-fl-wide, four-lane,two-way roadway with anJsphait
surfaceof the intermediate type in good condition. The i'oadis dividedat this immediate areaof th_ 11135
accessroad-Eisenkager Rd. intersection by 6-in..high collcrele channelizlng islands.The traffic lanesare
I 0 fl wide. Eisenhauer Rd. runseast-westand isbounded on both sidesby a 6.in. curb.The road isstraight

andlevel.It isnot crowned.The coefficient of friction on the dry surfacewas 0.6l. A southbound,one-way.
two-lane 24-ft-wlde frontage road ='ups60 ft east and parallel to a mainline,single track railroad r_ht-of-wayl
both intersecting Eisenhauer Rd, at this point. An exit ramp from 11135Is immediately north of this inter-
_ction and an entrance ramp is lmmedistuiy south. These ramps connect 1H35 to the frontage road.

TRAFFIC CONTROLS

The posted'sp_ed limit on EisenhauerRd. is 30 mph. The speedlimit is 40 mph on the {ronta8¢
road. A railroad company-imposed speedlimit of 25 mph isassillnedfor 0.$ mileeachside of the crossing.
Traffic ¢ontrtd devicescc_nwi_;of p;_menl markings, _.in.-high channelizing islands,rellulatory, warning,
and _uld_ ._Jgns.Thereare Iwo finshinl amberlights, 3t*.in.-diameteryellow faBroadadvancewarningsigns,
and black-on-while railroad erossbueks.Thereare neilher Itaffin control signal(s)in the arel nor a flashing
red lisht or hellw=rnin_ signals,gates,or =uardsto provideimmedinte warninS of an approachingtrain,

VEHICLES

No, I. 1968 GP40 Electromotive diesel _3"eightengine. The 3-yr-old engine is considered to he in good
operatin8 condition with no indicated defects. Minor secondary dam=Be lnclude_t bent hrakem=n'a steps,
be, t ¢oupEn_actuator lever, and al_hosetorn _oose.secondary ve_cle deformation index [2FDLWI. The
retail ,'epaitcostwasnil

NO. 2. 1970 OJdsmobileVista Cruiser. four-door. Ihree-_eat.yellowstation walton; odometer reading
22,224 ndles; valid Texas Motor Vehicle Inspection sticker with a damaged iIle_ble date; e(iuipped with a
sta_dasd 350_u in, eight-cylinder gasoline engine; automatie transmission, power steering, and power front
disc-type brakes; radio, heater, air conditioner, and tape deck; padded armrests, sunvinor, zeal back tops,
interior tearvJew mirror, wlndshieJd interbeam, and instrument panel. Three seatbelts and two shoulder
straps for front benchdype seat and three _atbelts for the _econd bench.typs sea[. The s_oulder straps
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were in the glared position. No defects were apparent or indicated. The last vehicle maintenancewL
performed.at 13.(]63 miles on January21. 1971 and includedlubrlc_tion and oil and filter change.Primal
contact damagewas 16.in. sheetmetaland frame deformation to the left s_de.primary vehicledeformali,:
index OqLPAWS. Secondarydamagewas to the tires, lear bumper, and roof. The retinl replacementv_h
was$3075 Itolal le_s$200 salvagevalue).

OCCUPANTS

Vehicle No. I. Engineer: 46-yr.cld while male. 71 _n.. ISS Ib (estimated). An Interview was nc
obtained, lie wasfamiliar with thevehicleand the roule traveled.

In/u_: None.

Vehicle No. 2. OceupanlNo. 02. Driver: 42-yr-old white femaleof Latin-American extraction. 62 in.,
132 lb. She has been driving 20 yt and currently drives approxlntutel_' 9000 nlitcs/yr. She wasen route
from her husband's office to home.a dhlanee of IO miles. The accident occurred I mile from her destina-
tion. She had no definite ETA. She wasfamiliar with the vehicle and with the route traveled.She hashad
no formal driver's ¢dn_tion. ller physicalcondition w_s exceUent. Iler precrashstate was restedwith no

' sttes_;ih¢ wasinattentive to her drivingtask. Lap and shoulder restraintswere avaiinble,but not in use.

Injury: Sev0re(not ]ifc,dlreatening).',MS Severity Code No. 3.

STANDARDS

The following IlJghway Saf_ly Program StaNdards(lISPS) and/or Motor Vehicle Prod'amStandards
(MVPS) were relevantin this case'.

lISPS No. 4-Driver P.'tlucution Use o/Occupant ReMraintx, Radio, and Failure to Look [or T,_;t,
lISPS No. 9-fdenlifl¢_tx,Jn und Survvilianc¢ of .4ct'Jdent l.ocation$
tISPS No. 13-Tt_J]ic (_ ,troiDevi¢'es
MVPS P_o.201 -Oc¢:'punt Protrction in Interior hnpaet
kIVPS No. 214-Side Door Strelt&th.

DESCRIPTION

Preerash:The driw.r of vehicle No. 2 (passengercarl was traveling to her home from her husband'soffice.
She had left northbound 1113_and ruined west nnlo [!isenhauerRd., passingunder the 11135overpass.She
ero._¢d th*: souUtbound frontage road at a relatively inw speed (estimated not more than 25 mph) and
drove in front of vehitde No. I (dte_l freight engine), which was moving north at about 25 mph with its
horn blowing for.the crowing. There wet© no skidmarks from vehicle No. 2 prior to impact. ']*heeat radio
wal hi oper_tjoft.

Crash: Impa¢l occurRd on the left side of vehicle No. 2, centered approximately at the "A" pillar line, as it
cros_ed the railroad track in front of vehicle No, I. The coupler of the freight engine forced in the forward
pozlion of the door stru_lure, firewall, cowl. and instrument panel structure. Other portionsof the front
structure of the engine -brakeman's steps and bracket_-forced in the doors, floor, and frame left sidurail to
a depth of 16 inches, The passenger vehicle was pushed rtorthwagd on tile railroad right of way. It then
yawed left and _me to rest 88 (t from the impact point, poiallel to and 7 ft west of the tracks latin5 Ihe
crossing, The unrestrained driver was first thrown left against the in caving siLfestructure of the car. 'l hen sh_
was thrown tolhu right. Vehicle No. I stopped 314 ft from the point of impact.

Postcrash: 'Fhe driver of vehicle No. 2 was not ejected from the vehicl*.. She was removed from vehicle
No. 2 through the right front door without complications, She was taken to the hospital by ambulance
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approxinQte]y_0 rain after Ihc crash.Becausethe auh_r_obilcc_m©to rosea considerabledistlnce from
Ih¢ i'o_dway,lh_r_ w,s no apprcci_blcintcr(crcncc wilh ;r_rfi¢. A wr_¢k©rhad no complicationsJnpickinll
up Ih¢ vchi¢_ and towing il _w_y.Since t31clocomotive was _1olsigni_can_ly damaged, i( was ible Io
piocecd. Tr_fnc on |_i_cllhuu_rRd, was Cstinl_t_daE 15 vchl¢lcs/rnin;on the I't0nt_g¢ r_d, traf_ri¢w_
¢_hl_t_d _( 5 whi¢l_s/nlin.

CAUSAL FACTOI1S,CONCLUSIONS, AND RECOMME_JD_.TION$

P,laltix (?on
(. Indicalcs

Po_ilivcFactors) l_xp_,rmlion

I Driver No. 0 '_w_s in_llen_lv_ and Ll_dnotobservenormal pt©_autionswhen apl_'O_,Ch-
ing _hct_ib'o_dtrack.

I Driver No. 02 bud hc_ radio on _nd windows up, whi_'h may have p_'evc.ted or
seriously int_r_'¢d wi|h h_ _b_Ji;yIo h¢_r_h¢train'ssignal horn.

! The engineerm_y huv_b_n spe_dinl_,with i'©_pcct_o th© cornl_ny.|mpos_dI_mit of
25 mph, 40 _o50 mpl_.This is th_ _itua_Jonif th_ train brakesw_© _dcqus_e_nd i_"
the cnlcin_crrnJintaineda lockedbr_kemodctl_'oul_hou| thestoppinll_quence.

2 Driver No.O._ w_s no! wearingIh_ _v_ilabl_scatbcl!or shoulderItrap.

3 Drivinl_ in _ youof inEcrio_nois©(rldio, air conditioner, _c.) with the window=cloud
shoutdb_d_¢outal_cdin driver©ducalionpro_.ln_.

4 The train shouldh_vc b¢©nc_p_bl_of ltopp|n_ within 104 fl from 25 mph. The 314-f!
slopping allowance,_rom th© point of Jmpa¢l,_u_csls that either _h¢drJv_ did I_Ot
fully apply the brakes_t sorn_point dutJnBthe collision_¢qu©n¢¢or licit the b_ake_
wcr_ not pcr(ormin_adequately.

_$ Occupant ln_uri_l_from Jrnp_,¢ta_llt'_t int|rior _lut_¢esand pJ'o|ubcr_llceswcr_ _ltt-
t©dasa resul_of ad_q_¢ paddin__nd_erior d©si_n.

7 This _itc has_n extremely high ac¢id©ntrate;bowcvcr, moi'_ idcqu_t©Iraf_'i¢©onbro|
by a traJn.upp,'oachSilln_Zsy_l¢_nbusno[ yet beenauthorL/._d.
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ENCLOSURE E

M_ryland Medlcal-Legal'Fgundatlo n

Office of the Chief Medical Examleer

State of Haryland

Trunk/Traln Impact

Ca_e _ _ 72-24

(AbPidged)

_/LTIDISCIPLINARY ACCIDENT L'_/ESTIGATIONSU_ARY

.IDENTIFICATION OF COLLISION

The highway is • state road _raver_ing. north and south in the south-
east portion of aa industrial section of Baltimord'County. The accident
occurred in'September el'1972 at 0400 hours on a Friday lavolvlng a trac-
tor trailer and a freight train at a front to side impact, The aoaldent

caaBed fatal injurles to the driver of the tractor trailer.

IN/URY SEVERITY sCALE: Driver of Vehlcle #i FATAL-AIS-8

AMBIENCE

Night; no i11umina_ion; misty; 58 degrees F.; 60_ relatlve humidity;
wind I0 m.p.h, from the northwest; visibility of 500 feet; road _urfaoe
was wet; coefficient of frlotlon .55 dry (measured) and .45 wet (est_ted).

_igm_AY

The hlghway on whlsh the aceldent occurred is a major arterlal state
road wlth a total width o£ 106 feet consisting of two 12 foot lanes going
north and two 12 foot lanes going south divided by a 48 foot grass median.
Th. roadway is of black _op macadam wlth an S foot shoulder on the east
¢Id_ and a 2 foot shoulder on the west side. The roadway is straight and
level. There Is no artlflclal lighting and within _ mile there are._o in-
tersestlons; one being 800 feet south of the railroad crossing and the other
being 600 feet north, There are 9 telephone and transit poles within
mile. Th_ accident history at this point within a year previous is 6 pro-

petty damage and 3 personal Injury aecldents with an average daily:trafflc
Of 22,500 veh£eles.
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'!RAFFTC CO,_ROLS

The speed limit is posted at 55 m.p,h, and there arc intermittent lane

lines with solid edge lines painted in' the roadway. There are standard

railroad crossing signs and lights at the right side of the toad with over-
head signals actuated by the train

VEHICLES INVOLVED

Vehicle #i was a 1969 G.H.C. Tractor, two-door, red in color with an

odometer readln E of 49,760 miles. There is no inspection data but the

vehicle was well maintained by the company garage. The vehicle was equipped
%rlth manual steering, manual transmission, air brakes (drum type), seat
belts (being used by the driver when the accident occurred). There was no

previous damage noted'. Damage to Vehicle #i on impacting the train at an

eleven o'clock principal _mpact force was to the left front causing a sheet

metal crush of 38 inches. The bumper, grflle, fender and hood deformed
rearward into the engine compartment whereby the engine separated from mounts.

The left front wheel and assembly, moved rearward. The seats moved forward
and the driver impacted the steering wheel and column with his chest and

his head impacted the left A-Pillar as it was deformed inward and rearward.

After the initial impair a second impact of 06 hours principal force occurred
as the trailer sheared frum the fifth wheel and impacted the rear of the cab

with a sheet metal crush of 18 inches compressing the cab interior by 507.

pinning the operator in.

VERICLE DEFORMATION INDEX: Principal Impact - ii _LAW-4

Secondary Impact - 06 BDPfW-4

Vehicle #2 was a General Motors E.M.D. _ype locomotive pulling 47 box

oars and it eustalned minor damage to the righ_ front side.

VEHICLE DEFORMATION INDEX: 02 RIMW-I

OCCtrPANT DATA

The driver of Vehicle #I was a 46 year old white male, 68 inches tall,

weighing i15 pounds having 30 years driving experience at approximately
15,000 miles per year. At the time of accident he was entente from his place

of employment with a delivery for a distant city expeated to arrive 5 hours
after the accident occurred. The accident occurred within 5 miles from the

origin. He was familiar with the vehicle and the area having used both daily
for the pas_ several years. His physical condition was normal as was %'ismen-

tel condition. There was no alcohol or drug involvement and seat belts were

available and in use by the operator. During the accident the driver eus-

talned the following in_urles: fractures of skull, ribs, pelvis and extremi-

ties, contusions of lungs with hemothorax, laceration of heart, laceration
of liver a_d spleen with hemoperitoueum, rupture of bladder; and =ontuslonu

of hlppocampl and temporal lobe of brain. (AIS-8)
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The driver of Vehicle #2 (train) was a 57 year old whlte male, weight
and height unknown having 40 years driving experience wlth 15 years as a
railroad engineer. His driving record is good with i0,000 miles per year
plus rall usage undetermined. He is familiar with the engine using same
three to four times weekly. At the time he was shlfCing cars along the

railroad from yard to yard. His engineering ability was taught to him by
the railroad company. There were no drugs or alcohol involved, There were

no restraints available and no _njuries. There Were three passengers on
the train and they were not injured or restrained. Passenger #i was a
white male, 56 years of age and he was seated in the front center. Passen-

ger #2 was a whltemals, 36 years of age and he was seated in the front right.
Passenger #3 was a white male, 54 years of age end he was seated in the rear
left.

STANDARDS

I. HISPS #9 - Identification and Surveilanne of Accident Locations.

The railroad crossing is well protected with traffic sIEnals ac-
tuated by the train, but it is so Little used that drivers attempt
to bea_ the train. It is race, ended that gates be installed a=
the railroad crossing..

COLLISION DESCRIPTION

FreTCrash

The driver of Vehicle #I reported to work at the usual time, 0130 hours,
and had proceeded from the terminal to deliver a load of hard,are tO a die-
tant city. }Iswas operating the vehicle northbound on a state road at an

estimated speed of 45 to 50 m.p.h, and when he approached the east/west tall-
road 6rosslng he failed to stop for the signals and collided with the right
front side of a slow movlng freLght train. The freight train was proceeding
eastbound at an approzi_ated speed of 8 to I0 m.p.h. There is no evidence
to 3how that the driver of Vehicle #i tried to take any evasive action, how-
ever, the operator of the traln did apply his air brakes for an emeEgensy
Stop.

Crash

Vehicle #i impacted the right front side of the train with its left front
at an eleven o'clock principal force impact with a secondary impact force of

05 0fcloek when the trailer Sheared off the flfthoWheel and impas_ed the
rear of the truck cab. As the vehicle rotated 25 clockwise, and coming
to rest 42 feet east of the impact, the driver, who was'restrained, moved
forward and to the left _paetlng the a_eerlngwheel and the left A-Pil-
lar and was impacted from the rear by the cab body and seat.

Vehicle #2 was impacted at the right side at front leltlal impact
force at 02 o'clock deforming the entrance steps and the:band rail. The
unrestrained occupants were well to the rear of the impact polar:and suf-
feted no effects of the accident. The driver of the train applied his air
brakes for an emergency stop and the train remained on the rails camlng to
a stop 168 feet east of the Lmpact.
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Post-Crash

Vehicle #I came to rest 42 feet east of the Impact facing east off the

zoadway and Vehicle #2 came to res_ 168"feet east of the impact, on rails,

The operator and passengers of Vehicle #2 w_re unhurt. The operator of

Vehicle #l,.due to the compression of the truck cab from the front end rear

Impacts, was pinned in the cab. Emergency rescue equipment of the Police

and Fire Depart_..ents were called, responding_rlthln I0 minutes and pro-
ceeded to cut tho metal atte_?.tlng to free,the driver. Due to severe de-

formation, extrication was difficult and took_wo hours to free the driver.
He was pronounced dead at the scene and was taken to the Office of the Chief

Medical Examiner. During the rescue operation, traffic was tied up in both

directions and sultahle detours were maintained by the police. A two com-

pany was contacted to clear the scene of the truck and debris. The truck
was towed to the terminal and the train was moved under its own power. The

scene was cleared and open for traffic wlthln four hours.

CAUSAL FACTORS I CONCLUSTONS A_ND _ECOMM--_NDATIONS

ACCIDENT C%USATION

. Matrix Cell Expla,atlon

prlmarv Cause

1 Driver of Vehicle #l failed to perceive
the approaching train and denser of going
through signals. (Definite)

Severity Inereasln_

I Driver of Vehicle #I made no attmnpt at
evasive action. (Definite)

Relevant Conditions

i Driver of Vehicle #1 was apparently pre-

occupied with thoughtsof his trip. (Pro-
bable)

7 The crossing was well protected with ae-

tuat6d signals (at side end. overhead) but
it allows roam for passage. (Probable)

_NJURY CAUSATION

MatrlxCell Explanation

2 Driver of Vehicle #I was wearing available
restraints but they were of no use in this
ease. (Probable)

$ The collapse of Vehicle #1 from front and

rear lmpaets added to severe injury. (De-
finite)
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POST-C_%SEI FACTORS

Matrix Cell Ex_Isnatlon

3 Ambulance and rescue errlval within lO m_n-

utes. but ex_rlcatlon was difficult taking

_wo hours with metal saws. (Definite)

6 The load of Vehicle #I shlf_ed after _he

initial impact. (Definite)

9 There w_rc no fires or explosions, detours

w_r_ see and maintained adequately, and the

clean-up operation took four hours. (Defi-
nite)
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ENCLOSURE F

Durham City Code

Durham_ N.C.

Ch. 18 § 9 Locomotive Whistle.

It shall be unlawful for any person to blow or allow to

be blown any locomotive whistle under his control within the clty

limits. (Code 1940, C. 28, § 8.)

Knoxville City Code

Knoxville_ Tenn.

Ch. 33 _ 8 Blowing Whistles.

It shall be unlawful for any person operating or in charge

of a locomotive engine within the corporate limits of the city

to blow the whistle on the same except as may be absolutely

necessary in the use of the signals as laid down by the rules

and regulations of railway companies, or as required by the

laws of the state. (10-21-04.)

Houston City Code

Houston_ Texas

Sec.'1843 Blo_ing Whistles; Blowing out Boiler

All persons are prohibited from blowing any whistles on

any locomotive, or single blasts therefrom, within the limits

of the city, for a longer period of time than five seconds,

except when there is imminent danger of an accident. All

persons are prohibited from blowing off or blowing out a
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boiler when crossing any public street or other thoroughfare

within the limits of the city. Each and every person violat-

ing any provision of this section shall be fined in any sum,

upon conviction, not less than five dollars and not exceeding

fifty dollars.

Mason Cit_ Iowa

26-29 Sounding of Locomotive Whistles

It shall be unlawful for any person to cause or permit

any locomotive whistle to be sounded within the limits of the

City except for the purpose of making necessary signals

required by law or required for the safe operation of the

railway, and where requisite signals cannot be made by other

means. (R '16, Sec. 545.)

Chlca_o_ ll.linois

188-44. No person owning or operating a railroad shall cause

or allow the whistle of any locomotive engine to be sounded

within the city, except necessary brake signals and such as may

be absolutely necessary to prevent injury to life and property.

Each locomotive engine shall be equipped with a hell-

ringing device which shall at all times be maintained in

repair and which shall cause the bell of the engine to be rung

automatically. The bell of each locomotive engine shall be

rung continuously while such locomotive is running within the

city, excepting bells on locomotives running upon those

railroad tracks enclosed by walls or fences, or enclosed by a
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wall on one side and public waters on the other side, and

excepting bells on locomotives running upon those portions of

the railroad track which have been elevated. In the case of

these exceptions, no bell shall be runs or whistle blows except

as signals of danger.

Buffalo_.New York

Chapter V. RAILROADS

#4. It shall not be lawful for any person in the employ of

any railroad company operating within the limits of the city

to permit the whistle of the locomotive under his control to

be blown, except for necessary signal purposes. Any person

violating the provisions of this section shall pay a penalty

of $25.00 for such offense.

NOTE: This restriction is generally associated with a train

speed restriction of 6 MPH and the use of flagman.

Lynchburg, Virg_nla

CITY CODE SUPPLEMENT (Railroad)

Sec. 3809. Sounding whistles or horns.

The sounding or blowing of locomotive whistles or horns

within the corporate limits of the city of Lynchburg is hereby

prohibited, except as may De necessary for the transmission

Of signals_or in emergency to prevent accidents.

The provisions of this section shall not apply to the

two crossings of the tracks of the Chesapeake and Ohio Railway

_'" B-51



Company at Reusens, in the vicinity of the E. J. Lavino

Company_ because of the lack of sight distance and warning

devices at these crossings.

Any violation of this ordinance shall De punished by a

fine of not less than five dollars nor more than ten dollars

for each offense. (1931, §704; 6-8-42; 8=28-56; 10-9-56)

State of Illinois

Under authority delegated to it by the State Legislature

(Ii_-59)_ the Illinois Commerce Commission adopted General

Order #176 on August 15, 1957, excusing the sounding of horns

and whistles at crossings protected by flashing lights. This has

now been incorporated in General Order No. 138, Revised, AuGust

22, 1973, Rule 501.

State of Florlda

_351.03 limits signals to bells only in incorporated areas, with

an accompanying speed limlt of 12 mph.
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ENCLOSURE G

WILLIAM mVMONI, J., _1_ _:_:.__._ ¢^LIr_IA SYaTC I_UlLaINU

D, W, HO_[i

November I0_ 1972 ,,_,a._C 79403

Honorable Arlen Gregorio .,_,_k_
The State Senate \_"
12th Distrlct_ Sen 'Marco County
State Capital _'

Sacramento_ CA 95814 \_

Dear Senator Gregorio:

Subsequent to receipt of your letter of Octobe_ 4_ 1972, our representative

has discussed the use of train whistles approachin_ railroad grade crossings
with Mr. John Gilroy and Ms. Charlotte Schultz of your staff.

As discussed with them_ it may be necessary to sound the ura!n whistle

even at crossings equipped with automatic gates for the following
reasosso"

io Possibility of a malfunction of the automatic grade crossing protection
due to being struck by vehicles, vandalism or failure of t_ack circuitry

or signal apparatus.

2. Rail highway crossings are frequently traversed by blcycli_ts and

pedestrians after the protective devices have been actuated by an

approaching train.

3° Impatient motorists sometimes ignore crossing signals and have bee_
known to drive around protective gate arms in an attempt to avoid

being delayed by a train.

4. Liability on the part of the railroads for failure to use every means
available to avoid an accident.

In view of the above_ the staff feels that in the interest of s_fety_ the
railroads should not be prohibited from using the trsin whistles to _arn

persons that a train is approsching.

Yours very truly,

_ PUBLIC UTILITIES CO_MMISSION

WXLL.T_M R. JOHNSON, Sa_atary
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OPERATING RAILROAD RETARDER YARDS IN THE UNITED STATES

(CLASS I Railroads)

Nualber of
State Yard Railroad Tracks

Alabama Birmingham L&N 40
Birmingham Sou 56
Sheffield Sou 32

Arkansas N, Little Rock M.P. 64
Pine Bluff St. L. S.W. 30

California City of Industry S.P. 12
East Los Angeles U.P. 16
Los Angeles S.P. 40
Richmond S.P. 8
Roseville S.P. 49
West Colton S.P.. 56

Colorado Grand Jct. D&RGW 31
Pueblo AT&SF 16

Connecticut Cedar Hill (East) P.C. 45
Cedar Hill (West) P.C. 38

Florida Tampa "S. C. L 8

Georgia Atlanta Sou 12
Atlanta Sou 65
Atlanta I.,&N 24
Macon Sou 50

Idaho Pucatello U. P, 40
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Number of

State Yard Railroad Tracks

Illinois Bansanville C.M.S,P.&P. 70
Blue Island I.H.B. 42
Chicago. Clearing B.R. Chgo 44

(East)
Chicago. Clearing B.R. Chgo 36

(West)
Chicago. Cicero B.N. 43
Chicago. Corwith AT&SF 32
Chicago, 59th St. P.C. 42
E. St, Louis A. & S. 42
E, St. Louis I.C.G. 26

Galesburg (East) B.N. 49
Galesburg (West) B.N. 35
Madison T.R.R.A. 34
Markam I.C.G. 64
Markam I.C.G. 45
Proviso C.N.W. 59
Silvio C.R. h P. SO

Indiana Elkhart P.C. 72

Gary E.J. &E. 58
Gibson (South) 1. H.B. 30
Gibson (North) I.H.B. 30
Indianapolis P.C. 64

Kansas Argentine (East) AT&SF 48
Argentine (West) AT&SF 56
Armourdale C.R.I.P. 40

Kentucky DeCoursey (North) I,,&N 20
DeCoursey(South) L&N 24

/Russell C&O/B&O 32
Stevens C&O/B&O IS

Louisiana Geismer I.C.G. 6

Maryland Cumberland (West) C&O/B&O 32
Cumberland (East) C&O/B&O 16

Massachusetts Boston B&M 22
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Number of

State Yard Railroad Tracks

Michigan Detroit DT&I 36
West Detroit P, C. 31

Minnesota Minneapolis B.N. 63
St.Paul C,M.S.P.&P. 40

Missouri Kansas City (East) M.P. 42
KansasCity(West) M.P. 32
N.KansasCity B,N. 42

Montana Missoula B.N. 9

Nebraska Lincoln B.N. 36

N. Platte .U.P. 62
N. Platte (West) U.P. 42

New Jersey Morrisville P.C. 38
Pavonia P, C. 32

New York Buffalo E.L. 56
Buffalo P, C. 63
DeWitt P, C. 27
Meehanicville B&M 36

NorthCarolina Hamlet S.C.L 58
III

North Dakota Minot 11.N, 40

Ohio Bellevue N&W 42
Columbus' P, C. 40
Grandview P.C. 9
Marion E.L. 24
Portsmouth N&W 18

Portsmouth (West) N&W 35
Sbaronvilla P, C. 35
Stanley P.C, 42
Walkridge C&O/B&O 68
Willard C&O/B&O 52

Oklahoma Tulsa S.L.S.F. 40

G3
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Number of
State Yard Railroad Tracks

Oregon Eugene S,P. 32

Pennsylvania Allentown CNJ/LV 19
Connellsville C&O/B&O 15
Conway(East) P.C. 54
Conway (West) P.C. 5fi
Enola (East) P.C. 33
Enola (West) P.C. 36

Pittsburgh U, R, R. 23
Pittsburgh Mon-Conn, 22
Rutherford(East) Reading 33
Rutherford(West) Reading 18

Tennessee Chattanooga Sou 50
Knoxville Sou 46

Memphis S.L.S.F. 50
Nashville L&N 56

Texas Beaumont S.P. I2
Fort Worth M.P./T. P. 44
Houston S. P, 48

Vir$inia Alexandria(North) R.F.P. 49
Alexandria (South) R. F, P, 39
Bluefield N&W 13
Lamperts Point N&W 36

(empty)
Lamper ts Point N&W 36

(leaded)
I_mperts Point N&W 30
Newport News C&O/B&O I S
Roanoke N&W 56

Washington Pasco B, N. 47
Seattle B.N. 16
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Number of

State Yard Railroad Tracks

Wisconsin Milwaukee C,M,S.P.&P, 35

Abbreviations of Railroad Names Used in this Table*

L&N - Louisville and Nashville T.R.R.A. - Terminal Railroad Assoe. of
Sou - Southern St, Louis

M.P. - Missouri Pacific C.N.W. - Chicago and North Western
St. L,S.W. - St. Louis Southwestern C,R.I,P, - Chicago, Rock Island and Pacific
S.P. - Southern Pacific E.J. & E. - Elgin, Joliet, and Eastern
U.P. - Union Pacific C&O/B&O - Chesapeake and Ohio

D&RGW - Denver and Rio Grande Baltimore and Ohio
Western B&M - Boston and Maine

AT&SF - Atchison, Topeka and D.T.&I. - Detroit, Toldeo, and Ironton
Santa Fe E.L, - Erie Lackawanna

P.C. - Penn Cantrai N&W - Norfolk aod Western
S.C.L. - Seaboard Coast Line S.L.S,F. - St, Louis San Francisco

C.M.S,P.&P. - Chicago, Mifwankee, CNJ/LV - Central Railroad of New Jersey
St.PaulandPacific LehighValley

I,H.B. - Indiana Harbor Belt Railway U.R.R. - Union Railroad
B.R. Chgo - Belt Railway of Chicago Men-Conn, - Monon_hela Connecting
B.N. - Burlington Northern Reading - Reading Company
I.C.G. - Illinois Central Gulf M.P,/T.P. - Missouri Pacific/Texas Pacific
A. & S. - Alton and Southern R,F.P. - Richmond, Fraderieksburg and

/Potomac

i

*These abbreviations reflect mergers; the abbreviations on the accompanying map frequently
do not reflect rnergera,
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SUMMARY OF YARD NOISE IMPACT STUDY

INTRODUCTION

The rail yard modeling study of noise impact on people used data collected at the Cicero

Yard of the Burlington Northern near Chicago lllinols. The study included tile analysis of eight

railroad yards from a population density and yard layout standpoint which led to the selection of

the Cicero Yard for more detailed analysis, Characteristics of the noise emitted from the Cicero

Yard under a range of operating conditions were studied and a model of the yard was developed.

The model was then used to predict the impact on people (environmental noise levels) of various

noise abatement activities on different aspects of the Cicero Yard operation,

CASE STUDIES OF RAILROAD YARDS

Eight yards having a wide range of characteristics were selected in order to cutup*ire yard

traffic with population densities near them, Such a comparison provides a basis for determining

the number and frequency ofexpasum of people to noise from railroad yards, Figures D.I - D.8

are maps of the yards that were studied. Although no detailed studies of the zoning around the

yards were attempted, the maps provide some indication of land use. The configuration of the

yards and the traffic through the yards were determined by telephoning the yard superintendants

or the yard masters. Table D,1 summarizes the population and traffic data for the yards,

The population information was taken from tile 1970 Censlt$ oflIousing, Block Statistics for

each city. The total populations for the cities studied were obtained from the 1970 Census o1"

Population, U.S. Summary. Population densities were derived for strips 250 or 500 ft wide for the

entire length of the yards and/or for a total of 2000 ft from the retarders. Often, separate popu-

lation density estimates were made for each side of a yard, since people are not evenly distributed

around yards, Figures D.I - D.8 contain graphs of the population distribution for each area.

The population of the cities in which tile yards are located ranges from 67,058 (Cicero) to

1,800 (Roseville). Population cannot be considered an index of urbanization since all of the towns

are in urban!zed areas generally outside a larger urban city. No yard located in a "rural" area was
studied as sufficiently detailed population statistics were not available for a yard located in other
than urbanized areas.

STATISTICAL ANALYSIS OF NOISE NEAR RAILROAD YARDS

Many methods of describing community noise "havebeen proposed, studied, and evaluated, but

the most suitable method for describing environmental noise and its effect on people, in EPA's

D-I
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TABLE D-I POPULATION DENSITY AND RAILROAD CAR TRAFFIC FOR VARIOUS

RAILROAD YARDS

I City and State Toter No. of Cars 4o, of PeupTe Per Square NI)a Wlthfn:
Populatfon Per Day 250'_50D' 500'-100D' 1000'-]505' 1500'-20001 Comments

Yar4 Operator 0-250 _ . ,, 1 .,

Clcer0, Ill 67aO55 1ooo 12,383 16,638 19,)o5 _2,60o 10,316 Noeth _eetlon 43 tracks

! 2_rllnEton _or_h. _,O38 20,192 16p200 15_76 1_,552 South Seotlon one _ster i 6 _r_up re_bI*_e_z

I Elh._art, znd. _),152 6800 ¢ 293 _76 I 540 6_3 1,38_ 72 _ra_e
12OD care/d_y b_=e r_i_d_r;

_enn. C_n_a_ _angAl r_lebse lh_rt re_d_S

Cheyenne_ W¥o, _0,152 4000 59_ _,493 5,098 _,1_9 _,6_3 South _e=tion Fla_ yard; looc_!ve_ w_r_

_nlon PselFle , 15_ 30_ ; 2,280 3,535 _,14_ _o_th Section entire lenN_ _r _e _4

_:arkhs_ I11. 15,987 320_--3_00 17_ 17_ 337 1_13_ _,O45 East Neotlon 45 cr_¢_s

_11.,Central & Oul_ 3_56 3,7_1 i 6e77_ _78_ 8_3 West Sectlon re_rders; _03 oars/de7 t_'p_e=

Cen_revllle_ 111• llt_8 _)O0-'_000 2._92 2_784 I 5_216 _,559 2_189 Northen=_ _octlon _O _r_;:=
o_e _nete_, 3 _rcu_ re:_rSe_s

Zl_._Cont_al & 0ul_ 3_1 ! 1=411 1_50_ _04 Hor_hweet Section 12_0 ears/day through re_ders

, , , , ,

Meehnnlcvllle_ _,¥, 6_247 _00 1,971 _7_9 10_12 10,232 7_371 South _ec_lon _ne =s:t_r _ _ _r_ r,_srd_r:
' 36 trae_|_ 1_ In u_e;

D_ton & _aine _,O25 _ 5,788 8,_83 Worth Section 19 Iner_ raw,rOars

W_lhrld&e, Ohlo 3 028 1500 _ _ _9 7_ 75 56 Western Seotlon 6_ tra:_e

O_e _s_er I 5 2roup r_t_ders;_eltln_re & Ohlo I _ 267 711 i 759 1,400 867 _astern Seotion no lner_ retsrdere
' Alrport nearby

NosavSlle, CAll_. 17,595 _02. 1_255 1_931 _,l_O 1_512 2,091 8outhe_nt _ec_lon 49 _rsc_s
(entire ysrd) tWO _U=pS_ _WO _ster retarders

2romp retsrders
30_h4_ _&eitl_ _90 1_925 1_550 i*_7 2,125 _orth_est Section _ _rln_-loe_ed l_ert re_A_er|

170 _ 319 265 5_2 3_9 Southeast Seotlon
(opposite retsrders}

1,276 2,_5_ 3,9_ 4.05) 2.516 Northweet _etlon

, (opposite retarders}



judgment, is the day/night sound level (re: Levels Document). Ldn may be obtained from an

analysis of statittical records of noise (Scheltz, 1972). Details of this procedure are in enclosure A

of section 8 of tlds document. "Time records" usually means magnetlc tape reeordblgs made at

tile measurement site with rugged, portable, high-quality tape recorders, Permanent recordings

permit processing a given noise record in several different ways, freeing the investigator from the

restrictions imposed by the particular analysis that might be suitable in tl_e field.

Figure D.9 silows portions of a time history of noise measured armmd 5:00 a.m, near resi-

dences about 400 ft from tile boundary of a railroad yard, Tile record from which Figure D,9 was

constructed was produced by playing a magnetic tape recording of the noise through an A-weighting

network into a graphic level recorder. The figures show some significant noise events that are not

associated with railroad operations. Those events must be iliminated from statistical analysis of

the information on the tapes if the results are to be descriptive of railroad noise only.

An edited tape, from which all non-railroad noises were removed, was prepared by selectively

interrupting a re-recording of the original tape. Both the unedited and the edited tapes of railroad

noise were processed using an electronic statistical analyzer and a digital computer, to produce

statistical analyses like the one shown in Figure D.I On. The tape which was generated is shown in

Figure D.9. Figure D, l Ob shows the result of a statistical analysis of the ediled version of the tape

that generated Figure D.l 0a. The solid lines in Figure D. 10b represent the data from Figure D, 10a.

Figure D. 10b shows that editing out extraneous events did not cause large changes in the

statistical properties of the recorded noise, and the effect is typical of eases for which editing was

possible, For times when the community was active, It was impossible to discriminate between
noises due to railroad operations and other noises.

Figure D, 11 shows the results of a statistical analysis of an edited tape recording of noises at

the boundary era busy yard, Even though a few diesel trucks traveled along a street adjacent to

the boundary, editing the recorded sounds produced negligible changes in their statistical properties.

Figures D. 12a and D.I 2b demonstrate a contrasting situation, Figure D. 12a shows the

results of statistical analysis of an unedited tape recording of noises at the boundary of the yard

described above during a period of relative inactivity, Since much of the noise in the vicinity was

extraneous (mostly diesel trucks), editing changed the statistical properties of the recorded noise.

Figure D, 12b shows the effect of editing this tape. Even though there were fay,, readily noticeable

railroad noises during the period COVeredby Figure D, 12, the continuous background noise is

higher et the boundary of the yard than in the community, illustrating the contributions of

continuously idling locomotives and other noise_ associated with the activities of men and machines

assigned to the yard.

"Energy Mean Level" is one of the parameters shown in the computer listings in Figures D,10

through D.l 2. That parameter, usually called "LEQ" is the level of the continuous sound that
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would be associated with an smotlnt of energy equal to tile sum of the energiesera collection of

discontlnuoas sounds. The discontinuoussounds are analyzed for a specified period of time, and

LEQ is calculated for that same period. Figure D-13 shows plots of the computer-calculated LEQ'S
for the observations described above.

MODELINGYARDNOISE IMPACTON PEOPLE

Tile two types of railroad switchingyards are flat yards and hump yards. In a flat railroad

yard tlmre are two major sources of noise - Iocmnotivesand car impact. In hump yards tile squeal
caused by carspassing through retarders issignificant.

Tile development of a yard noise model for this Background Document involves the computa-

tion of LDN* for yards which (1) describes tile activities of locomotives, (2) determines the
probabilities of occurrenceof various levelsof retarder squeal and ear impact noise, and(3) inte-

grates the cumulative acoustic energythat is developed at a given point in the space surrounding

the yard.

Figure D.I 4a shows calculated LDN profiles for group retarders in a typical yard - the

CiceroYard in Chicago. Figure D.I 4b shows LDNprofiles for car-carimpacts. Figure D,14e shows

LDN profiles for locomotive operations in the yard.

The calculated LDNprofiles in Figure D. 14 are based on observed levels and frequenciesof

occurrence of various noises. In addition to the usualgeometric attenuation, atmospheric
absorption and ground attenuation effects (Beranek. 1971) were includedin the construction of

the figure. The levels for the individual noiseevents at the measurement points shown in

Figure D.14 were consistent with the points of origin of the events also shown in Figure D.14.

The noise levels for retarders and rail cur impacts are considerably lokverthan those for loco-

motives, so that thi_total noise levels from all sources is approximately that of locomotives alone,

as shown in Figure D,14. The noise levels determined from magnetic tape recordings of noise

emissions at the West 30th measurement point are also in good agreement with the total noise

emission levels (approximated by locomotive noise), as noted in Figure D.14e.

Retarder noise levelsand impact noise levels in Figure D. 14 generallywould be domtnant at

eommunlty observation points if the locomotive noise levels were lowered by 10 dB(A). Thus,

retarder and car impact noise will replace locomotive noise as the most obtrusive noise in the

community near the CiceroYard, if locomotive exhausts can be muffled sufficiently to lower their

noise by 10 riB(A) (assumingthat no other sourcesof locomotive noise produce levels comparable
to exhaust noise levels).

*EnclosureA of section 8,
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(a) Retarder Squeals

FIG. D.14a. LD_( PROFILESFORBURLINGTONNORTHERN'SCrCEROYARD

_20



(b) Impacts

FIG. D,14b. (CONT,)
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(c) Locomotives

FZG. D.14c. (C0_T.)
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Figure D.I 5 shows the number of people exposed to various Ldn around the Cicero Yard.*

Figure D.I 5 indicates that a muffler which quiets locomotive exhaust noise by 10 dB(A) will

decrease by 400 the number of people exposed to Ldu of 65 or morn from the Cicero Yard opera-

tions (assuming that no other sources of locomotive noise produce levels comparable to exhaust

noise levels). The figure also shows that barriers providing a 20 dB(A) reduction of retarder noise

would decrease by 200 the number of people exposed to Ldn of 65 or more.

Analysis in more detail of Figure D, 15 shows that at the time of the study, at the Cicero Yard

approximately 4,800 people or more were exposed to noise levels higher than the Lda 55 noise
level identified in the Levels Douument (EPA/ONAC report number 550/9-74-004) as being

protective of public health and welfare. Approximately 60 of these individuals were exposed to

noise levels at Ldn = 75, which olearIy is in the region where hearing loss may be a potential threat,

according to the Levels Document, which identifies the potential heating loss level at Leq(24) = 70

(approximately Ldn = 73).

The application of mufflers which quiet locomotive exhaust noise by lO dB(A) is predicted

to reduce the number of exposed p_ople (to an Ldn of 55 or greater) from 4,800 to 2,000, which
is a 58% improvement. From a heating conservation point of view, the number of exposed people

to an Ldn of 75 would shrink to zero, or a 100% improvement.

Similarly, the predicted 0ffeet of the application of barriers to retarders (see Figure D. 15)

would be a reduction in the number of people exposed to levels greater than Ldn 55 to 2,800,

which is a 42% improvement, From a hearing conservation poiut of view, the number of exposed

people would shrink to O,which is a 100% improvement,

*Population densities for use in construction of Figure D.15 were obtained from the U.S,

Department of Commerce, Bureau of the Census.
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USG 350-74-13

EnvironmentalAcl_ltJesStaffGeneralMotorsColpotation

GeneralMotorsTechnicalCenter

Warren,Michigan4B090

November It 1974

Dr. Alvln F. Meyer, Jr.
DeputyAssistantAdministrator

for Noise ControlPrograms
EnvironmentalProtectionAgency
Crystal Mall Building - Room1115
1921Jeffereon DavisHighway
Arllngtons Va. 20460

Dear Dr. Meyer=

Attached are five (5) coplesof General Motors LocomotlveExhaustMuffler Retrofit -
Cast StudyReportNo. 1.

Thl=representsthe first Installmentof a studyundertakenby Eleetro-/V_tlve Divlsion
to estimatethe costof engine axl_austsystemhardwareandassociatedIocomotlve
modificationdeemednecessaryto meet the EPAproposedstationary laaomotlve
soundlevel Iirnlt of'87 dBAat 30 metersat any throtHe setting.

The first report coversGM (EMD) locomotivemodelsGP40-2, GNOt GP38-2 and
GP_. CostStudyReport No. 1 anda seriesof slmllar reportsto be submittedto
EPAwill ultimately cover 14 General Motorsmodel locomotivesrepresentinga
total of 14s789unitsdellvered by EMD or 63.4% of the 23t307 total GM Ioco-
motlva=In service on Class1and 2 Railroads asof January 1, 1974. Thefigures
stated In this initial report are not necessarilyrepresentativeof theamountsthat
will be r.ubmlttedforother locomotive models in subsequentreports.

If you have any questionsregardingthis report, please5o nat hesltate to contact
1110,

Vehlaular Noise Contr_l

_ E-J



GENERALMOTORS CORPORATION
LOCOMOTIVE EXHAUSTMUFFLERRETROFIT

COSTSTUDY REPORTNO. 1

LOCOMOTIVE MODELS GP40-2, G.P.40,GP38-2, AND GP3B

Thisstudy is undertakenby General Motors in responseto a requestby the Environmental

ProtectionAgency to provide costinformation that would ald the EPA In evaluatlng the

expenseto the railroads of retrofitting in-service Iocomot|veswlth exhaustmuffler hardware

to meet the EPAproposedstationarylocomotive soundlevel limit of 87 dB(A) at any throttle

setting measuredat 30 meters.

During a meeting at the Electra-M0tive Division (EMD)of GM on September26, 1974,

EMD advisedEPArepresentativesthat it wouldundertakea "paper study*'of the engine

exhaustsystemhardwareandassociatedapplication modifications of certain EMD locomotive

modelswhich would be necessaryinorder to tempiX withan 87 dBA soundlevel. EMD also

statedthat thlsretrofit work wa_notbeing sol'iclted by General Motors andthat EMD

locomotivemanufacturingfacilities were notsufficient to undertake this retrofit work,

prlrnarlly duo to the vc'iume'of newlocomotiveproduction. Thls work would presumably

be doneby the railroads themselvesor by otherspursuantto contractswith railroads. No

attempt hasbeen made to determinethe cost far retrofit noise control treatment necessary

to achlevo compliance with the EPAproposedlocomotiveno;so standardof 67 dBAat

30 metersunderstationary idle conditions.

This studywasconfined to the locomotiveconfigurationsas delivered to the railroads by

EMD. If therehas beensubsequentmodification, alteration, addition, accident, damage,

etc.a to a 5pacific Ioeamot|vewhichmight affect thetime and/or materials necessaryto

retrofit that locomotive, the estimatefor that locomotivewould have to be adjusted

_2
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Cost StudyReportNo. 1
Page 2

accordingly. The figures establlshedeoveronly the effort requiredto apply the englne

exhaustsystemhardwaremodlfleations. Theydo not incldde any allowancesfor the

repe;rof, or added costsresurHngfrom defects_accident damage, etc. which may

haveto be repaired before retrofit can be accomplished, e.g., there is noprov_slon

for radiator repair. Cleaning andpe_ntfngare confined to only theseareas involved

in the retrofit modifications.

The esHmatedretrofit meier new hardwarewourdbe developedandsold by EMDat EMD

PartsDepartmentprices. The miscellaneoushardwareare itemspurchasedby EMD from

others. Theamountsshownfar thesetwo classificationsof hardwareand for EMD labor

are basedon known, current costsat EMD as of October 1974. None of the amounts

contain any provision for Futureeconomi,_stand sTgniftcantadjustmentsmay be necessary

! due io inflation and other consrderatlons. The amouhtswere establishedon preHmlnary

designinformationand sketchesfor engine exhaustsystemhardwareretrofit requirements.

Laborcostsend miscellaneousnew hardwaredo not include profit onthe amountshown,

whereas, any contractor that performed retrofit labor serv_aesfor the.railroadswould

inalude a mark-up on this labor andon purchasedmaterials. Thesefiguresare also

predrcted on the assumptionthat sufficlent toollng, facilities, and row materialsare

available to manufacturethe requiredparts, rebuild the engine turboehargers,alter the

IoaamoHvooarbodlesand performother operaHonsnecessaryto retrofit the Ioeomotlves

, and that this.could all be doneunder normal productioneond;tions.

E-3



CostStudyReportNo. I
Page 3

Productionline balancing, an importantconsideroHonat EMD, [snot included in this

study, ff shouldbe emphasizedthat the necessarytoo(log andfacllitles, and floor space

requlredto retrofit locomotives, manufactureadditional quantifies of certain piece parts,

and rebultd of increasedvolumeof' turbochargersdo not e×ist at this time at EMD. Any

estimateof thecostof the requlslta tooling and facilities could only be determined

after retrofff cyole timesand o scheduleby locomotivemodel tyl_eare established.

Once thls informationis obtained, the amountsstatedherein w_uld have to be modified

to Include suchaddltlonal tooling and faotilitles castssince the amountspresenteddo not

contain allowance _'or this signlfiaant area of cost. For example, we esHmatethat

epproxlmetcly$300t000 in special toolswould be requiredto retrofit thesefourGP

!ocomoHvemodelsat the rate of two units per five-day week assumingt'.vashiftsper day.

/"
The siotedcostsfor labor are baseduponthe lair costs, including burden, presently

existing at EMD*sLaGronge, Illlnols_ plant and are not neoessorllyrepresentativeof

suchcostsat r0ilrood maintenance_nstallatlensor at other sourceswhere retrofit work

might be danefor the railroads. Furthermore,other sourcesmay have different job ¢odesl

shift allowances, etc., applicable to their labor force. Therefore, the labor costsat

suchether sourceswould,of necesslty, reflect other labor-related dlfterenaes.

This studyreport No. 1 is the first in a seriesof several reportswhich will be submittedto

the EPAto.coverultimately 14 General Motor_modelIbcomet|vesrepresentinga total of

14,789 unitsdelivered by EMD, or 63.4 percent of the 23,307 total GM locomotives

fn service onCla_s I and 2 Ralffoadsas of Jcmuary1, 1974. The figuresstatedin this
I

Inltlal reportare notnecesierlly representativeof the amountsthat will be estimated

for otherlocomotiverr_dels In subsequentreports;



CostStud)' ReportNo. 1
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GENERALMOTORS LOCOMOTIVE MODEL : GP40-2 (Turbocharged, 3,000 HP)

LOCOMOTIVE MODEL PRODUCTION DATES : January, 1972 to present

NO. OF LOCOMOTIVES PRODUCEDAS OF
JANUARYt 1974 : 165

PERCENTAGEOF TOTAL GM LOCOMOTIVES
IN FIELD SERVICEAS OF JANUARY, 1974 : 0.7°/0

PERCENTAGEOF TOTAL LOCOMOTIVES IN
FIELDSERVICEAS OF JANUARYt 1974 : 0.60/0

MAJOR FEATURESAFFECTING AVAILABLE PERCENTAGEOF TOTAL
EXHAUSTMUFFLERSPACE MODEL PRODUCTION

I I

A. StandardConfiguration
(No DynamicBrakes) 20.0%

I1. StandardDynamic Brakes (Optional) 55.2%

C. ExtendedRangeDyni_mlaBrakes (Optional) 24.8%

J
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GP40-2 LOCOMOTIVE

VERBALDESCRIPTIONOF MUFFLERSYSTEM1INCLUDING SPARKARRESTING
WHERENECESSARYI TAKING INTO ACCOUNT OPTIONAL FEATURES:

A reactive-type exhaust muffleris installed directly on the turboehargerexhaustoutlet

duct. Themuffler is of straight-through design to minimize backpressure_mposedan the

engine. The weight of the muffler is supportedsolely by the turbocharger andt as a

results a special :elnforced turbochargerexhaustduct is required. Any eTectHcal

cabling mustbe shielded from the exhaust muffler heat radiation.

Tho turbocharger_sconsideredan inherently effective sparkarrester; therefore the

turbochargedengine requiresnoadditional provisionfor spark arrestaacehardware.

E-6
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A. GP40-2 LOCOMOTIVE - STANDARD (2ONFIGURATION (NO DYNAMIC BRAKES)

DESCRIPTIONOF LOCOMOTIVE MODIFICATIONS NECESSARYTO ACCOMMODATE
RETROFITED<HAUSTSYSTEM:

I. TURBOCHARGER

The turboaharger mustbe removed fromengine, d;sassembledt
inspeatedr and a new_ reinforced exhaustduct applied. The
turbochargeris then testedand reoppl|ed to the engine.

2. ENGINE MAINTENANCE HATCH

The enginemaintenancehatch mustbe removedfromlocomotive.
The turbochargerremoval opening in the hatch mustbe enTarged
to accommodatethe exhaustmuffler. The hatch is then reapplied
to the IocomaHve,

3, MUFFLER

An exhaustmuffJer is.instaJledon fhe new turbochargerexhaust
duct.

4. TURBOCHARGERREMOVAL HATCH COVER

A new, larger hatch cover mustbe applied above the exhaust
muffler to cover the enlarged turbochargerremovalopening
In the engine ma;ntenancahatch.

•5. OIL SEPARATOREJECTOR

An ejector mustbe addedto the oll separatorto overcomethe
additional baokpressurecreated by the exhaustmuffler.

E-7
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A. GP4O~2LOCOMOTIVE - STANDARDCONFIGURATION (NC) DYNAMIC BRAKES)

LISTING OF MAJOR NEW HARDWARETO BEAPPLIED:

1. Turbochargerdisassembly,inspection, machlnln9, andapplication of
newsreinforced exhaust duct.

• 2. Exhaustmuffler.

3. Turbochergerremoval hatch cover.

4. OIl separatoreiector.

LISTING OF MISCELLANEOUS NEW HARDWAREREQUIRED:

1. Steel structural shapesusedto enlarge
turbochargerremoval opening.

TOTAL PRICEOF MAJOR NEW HARDWAREREQUIRED = $ 6,B0O.

TOTAL COSTOF MISCELLANEOUS NEW HARDWAREREQUIRED : $ 300.

TOTAL COST OF LABOR TO MAKE MODIFICATION ; $ 711O0o

TOTAL EXHAUSTMUFFLERRETROFITCOST : $ 14_200,

LOCOMOTIVE OUT OF SERVICEPLANT CYCLE TIME : 5 days

LOCOMOTIVE OUT OF SERVICETRANSITTIME :, 4 days

LOCOMOTIVE OUT OF SERVICECOST/DAY* :. $ 500,

TOTAL.LOCOMOTIVE OUT OF SERVICECOST : $ 4,500

TOTAL COST : $18,700

t Based'onInformationfurnished by BurlingtonNocthernl Mtlwaukees
Misiouri Pacific.. Rock I=land_Southern,SouthernPacific, and
PennCentral Railroads.

, E-8
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B. GP40-2 LOCOMOTIVE EQUIPPEDWITH STANDARD DYNAMIC BRAKES

DESCRIPTIONOF LOCOMOTIVE MODIFICATIONS NECESSARYTO
ACCOMMODATE RETROFITEXHAUSTSYSTEM:

1. TURBOCHARGER

• d*Theturbocharger mustbe removed from engine, Jsassembled,
inspected, and a newt reinforced exhaust duct applied. The
turbocharger is then tested and reapptled to the engine.

2. DYNAMIC BRAKEHATCH

Thedynamic brakehatch musthe removedfrom locomotive.
Theturbochargerremovalopening in the hatch mustbe
enlarged to accommodatethe exhaust muffler. Insulated
panels mustbe installed to protect dynamic brake cabling in
the v_einity of the muffler. Thedynamic brake hatch is then
reappl;ed to the Iocomoffve and dynamic brake cabling is
reconnected: " "

3, MUFFLER

An exhaust muffler ;s installed on the new turhochargerexhaust
duct.

4. TURBOCHARGERREMOVALHATCH COVER

A newt larger batch cover mustbeapplied above the exhaust
muffler to cover the enlarged turboehargerremoval openTngin
the dynamic brake hatch.

5. OIL SEPARATOREJECTOR

An ejector mustbe addedto the oll separatorto overcome the
addflion/_]backpre,ure created by the exhaustmuffler.

i E-9
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B. GP40-2 LOCOMOTIVE EQUIPPEDW1THSTANDARD DYNAMIC BRAKES

LISTING OF MAJOR NEW HARDWARETO BEAPPLIED:

1. Turbochargerdisassembly,inspecflonI machlnlngs and c_oplicatlon
of new, reinforced exhaustduct.

2. Exhaustmuffler,

3. rurbochcrgerremoval hatchcover.

4. Oil separatorelector.

LISTING OF MISCELLANEOUSNEW HARDWAREREQUIRED:
• ,, , ,

1. .Steel structuralshapesusedto enlarge turloochargerremoval
openlng.

2. Insulatedpanel heat shields.

TOTAL PRICEOF MAJOR NEW'HARDWAREREQUIRED : , $ 6,800.

TOTAL COST OF MISCELLANEOUSNEW HARDWAREREQUIRED : $ 400,

TOTAL COST OF LABORTO MAKE MODIFICATION : $ 7t700.

TOTAL EXHAUSTMUFFLERRETROFITCOST : $ 141900

LOCOMOTIVE OUT OF SERVICEPLANTCYCLE TiME : 6 days

LOCOMOTIVE OUT OF SERVICETRANSITTIME = 4 clays

LOCOMOTIVE OUT OF SERVICECOST/DAY * : $ 500.

TOTAL LOCOMOTIVE OUT OF SERVICE'COST : $ 5,000.

TOTAL COST : $ 191900.

I' Basodon informationrum|shedby BurlingtonNorthernt Milwaukeej
M_lsour!Padflct Rocl_Island_Southernt SouthernPacific, and

I_cnnCentral Railroads.

_l.O.
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C. GP,40-2LOCOMOTIVE EQUIPPEDWITH EXTENDEDRANGE DYNAMIC BRAKES

DESCRIPTIONOF LOCOMOTIVE MODIFICATIONS NECESSARY"TO
ACCOMMODATE RETROFITEXHAUSTSYSTEM:

I, TURBOCHARGER

The turboehargermustbe removedfromenglne, disassembled,inspected,
and a newreinforced exhaustduct applied. The turboehargeris thentested
and reapplied to the engine.

2. EXTENDEDRANGE DYNAMIC BRAKEHATCH STRUCTURE

The extendedrangedynamic brake hatch mustbe removedfrom the
locomotive. Thehatch structuremustbe modified to shift the hatch
assemblyseveninches towardthe rear of the locomotive. The
turbochargerremovalopeningmustbe enlarged to aocommodatethe
muffler. Insulatedpanelsmustbe installed to protect dynamic brake
cabllng in the vicinity of the exhaustmuffler. Dynamicbrake
cabling, conduit, and controlwbes, lengthenedseveninchesover
the or[glnal, mustbe applied. The extended range dynomlcbrake
hatch isthen reapplied to the locomotiveand cabling and control
wlres are leconneeted.

3. MUFFLER

An exhaustmuffler is installed on the new turbochargerexhaust
dugt.

4. TURBOCHARGERREMOVALHATCH COVER

A new, larger hatchcover mustbe applied abovethe exhaust
muffler to cover the enlargedturbochargerremovalopening in
the dynamic brake hatch.

5. OIL SEPARATOREJECTOR.

An ejector mustbe addedto the all separatorto overcomethe
additional backprassuracreatedby the exhaustmuffler.

E-I ]
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Co GP40-2 LOCOMOTIVE EQUIPPEDWITH EXTENDED RANGE DYNAMIC BRAKES

LISTING OF MAJORNEW HARDWARETO BEAPPLIED:

1. Turbochargerdisassembly,inspection, machining, and applieaHon
of new, reinforced exhaust duct.

2. Exhaust muffler.

3. Turbocharger removal hatch cover.

4. 0;I separatorejector.

LISTING OF MISCELLANEOUS NEW HARDWAREREQUIRED:

1. Steel structure shapesusedto enlarge turbochargerremoval
openlng.

2. Insulated panel heat sh;elds.

3. Steel structuralshapesand sheetused to relocate dynamicbrake
hatch structureseven inchesrearwardon Iocomotlve.

4. Dynamlc brake cables, condu;b and control wires.

TOTAL PRICEOF MAJOR NEW HARDWAREREQUIRED : $ 6,800.

TOTAL COSTOF MISCELLANEOUS NEW HARDWAREREQUIRED : $ 500.

TOTALCOSTOF LABORTO MAKE MODIFICATION s $10,200

TOTAL EXHAUSTMUFFLERRETROFITCOST = $17,500

LOCOMOTIVE OUT OF SERVICEPLANT CYCLETIME : 7 days

LOCOMOTIVE OUT OF SERVICETRANSITTIME : 4 days

LOCOMOTIVE OUT OF SERVICECOST/DAY, : $ 500,

TOTALLOCOMOTIVE OUT OF SERVICECOST ." $ 5,500.

TOTALCOST : $ 23,000.

• Basedon Tnforrnatlonfurnishedby Burlington Northern, Mllwaukaee M;ssouri'Pa©fflc,
RockIslande SouthemsSouthernPac;f;c, and PennCentral Ra;Iroads.
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GENERALMOTORS LOCOMOTIVE MODET. : GP 40 (Turboehargedr 3,000 HP)

LOCOMOTIVE MODEL PRODUCTION DATES : Janua_, 1965 - December, 1971

• NO. OF LOCOMOT;VES PRODUCEDAS OF
JANUARY1 1974 : ls202

PERCENTAGEOF TOTAL GM LOCOMOTIVES
IN FIELDSERVICEAS OF JANUARY, 1974 : 5.2%

PERCENTAGEOF TOTAL LOCOMOTIVES IN
FIELDSERVICEAS OF JANUARY, 1974 : 4.0%

MAJOR FEATURESAFFECTING AVAILABLE PERCENTA(_EOF TOTAL
EXHAUSTMUFFLERSPACE: MODEL PRODUCTIONn,

A° StandardConfiguration
(No Dynamic Brakes) 19.8%

B. StandardDynamic Brakes (Optional) 74.0%

C. ExtendedRangeDynamic Brakes (Optlorial) 6.2% *

* Not consideredin this studydun to low populat|on in field,

.+
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GP 40 LOCOMOTIVE

VERBAl.DESCRIPTIONOF MUFFLERSYSTEM, INCLUDING SPARKARRESTING
WHERENECESSARYITAKING INTO ACCOUNT OPTIONAL FEATURES:

A reactlve-type exhaustmuffler is installed directly on the turbocharger exhaustoutlet

duct. Tlle muffler is of stralght-through design to mlnTmlze backpressureimposedan the

engine, The weight of the muffler is supportedsolely by the turbocharger and, as a

resultt a _,0eciaTreinforced turbochargerexhaust duet is required. Any electrical

aabling mustbe shlelded fromthe exhaust muffler heat radiation.
/

The turbocharger is consideredan inherently effective spark arrester; therefore the

turboehargedenginerequires noaddff_onal provision far sparkarrestancehardware.

E-14
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A. GP40LOCOMOTIVF - STANDARD CONFIGURATION (NO DYNAMIC BRAKES)

DESCRIPTIONOF LOCOMOTIVE MODIFICATIONS NECESSARYTO ACCOMMODATE
RETROFITEXHAUSTSYSTEM:

1. TURBOCHARGER

The turbocharger mustbe removedfrom eng_nel disassembled,
Inspected, and a new, reinforced exhaustduct applied. The
turbochargeris then testedand reapplied to the engine.

2. ENGINE MAINTENANCE H_TCH

The engine maintenancehatch mustbe removedfrom locomotive.
The turbochargerremovalopening in the hatch mustbe enlarged
to accommodatethe exhaustmuffler. The hatch is then reapplied
to the locomotive.

3. MUFFLER

An exhaustmuffler is ;nstalJedon the new turbochargerexhaust
duct.

4. TURBOCHARGERREMOVAL HATCH COVER

A newe larger hatch cover mustbe applied abovethe exhaust
muffler to cover the enlarged turbacharger removalopening in
the engine maintenancehatch.

5. OIL SEPARATOREJECTOR

An ejector mustbe added to the o;I separatorto overcamethe additional
backpressurecreated by the exhaustmuffler.

h
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A. GP4OLOCOMOTIVE - STANDARDCONFIGURATION (NO DYNAMIC BRAKES)

LISTING OF MAJOR NEW HARDWARE'TOBEAPPLIED:

1. Turbochargerdlsassemblyt inspection, machinlng, and application
of new, reinforced exhaust duct.

2. Exhaustmuffler.

3. Turboahargerremoval hatch cover.

4. Oil separatorejector.

LISTING OF MISCELLANEOUSNEW HARDWAREREQUIRED:

1. Steel structuralshapesusedto enlarge
turbochargerremoval openlng.

TOTALPRICEOF MAJOR NEW HARDWAREREQUIRED : $" 6,800.

TOTAL COST OF MISCELLANEOUSNEW HARDWAREREQUIRED : $ 300.

TOTALCOST OF LABORTO MAKE MODIFICATION : $ 7,100.

TOTAL EXHAUSTMUFFLERRETROFITCOST : $ 14,200.

LOCOMOTIVE OUT OF SERVICEPLANTCYCLE TIME : 5 days

LOCOMOTIVE OUT OF SERVICETRANSITTIME : 4 days

LOCOMOTIVE OUT OF SERVICECOST/DAY * ; $ 500.

TOTALLOCOMOTIVE OUT OF sERVICECOST : $ 4,500.

TOTAL.COST : $ 18,700.

* _ed on |nfomatlon fumlshed by BurlingtonNortherh, Milwaukee,
Missouri Podfic, RockIsland, south0rn, SouthernPa¢iflc_ and
PonnCentral Railroads.
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B. GP40 LOCOMOTIVE EQUIPPEDWITH STANDARDDYNAMIC BRAKES

DESCRIPTIONOF LOCOMOTIVE MODIFICATIONS NECESSARYTO
ACCOMMODATE RETROFITEXHAUSTSYSTEM:

I. TURBOCHARGER

The turl:ochargermustbe removed from englnet disassembledt
inspected,and a newt reinforced exhaustduct applied. The
turbochargeris then testedand reapplled to the engine.

2. DYNAMIC BRAKEHATCH

Thedynamicbrake hatch mustbe removedfromlocomotive.
The turbochargerremovalopening in the hatch mustbe
enlarged to accommodatethe exhaustmuffler. Dynamic
brakecabling within the hatch mustbe removedand rerouted
to provide clearance aroundthe muffler. Conduitst heat
shields,and insulatedpanelsmustbe installed to protect
dynamicbrake cabling in the vicinity of the muffler. The
dynamicbrake hatch is then reapplled to the locomotive.

3. DYNAMIC BRAKECABLING

Dynamicbrakecables connectingthe electrical control
cabinet and the dynamic brake hatch mustbe removedand
rerautedto provide clearance for the muffler. A closure
box to protect the cabling nearthe muffler mustbe applied.

4. MUFFLER
l=

An exhaustmuffler is installed on the newturbochargerexhaust
duct.

S. TURBOCHARGERREMOVAL HATCH COVER

A new, larger hatch covermustbe applied above the exhaust
muffler to cover the enlargedturboehargerremovalopening

• In the dynamic brake hatch.

6. OIL SEPARATOREJECTOR

An ejector mustbe added to the ell separatorto overcamethe
additional bockores._urecreated by the exhou=tmuffler.
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B. GP40 LOCOMOTIVE EQUIPPEDWITH STANDARDDYNAMIC BRAKES

LISTING OF MAJOR NEW HARDWARETO BEAPPLIED:

1. Turbochargerdisassembly, _nspectlon,machTntng,and application
of newt reinforcedexhaustduct.

2. Exhaustmuffler.

3. Turbochargerremovalhatch cover.

4. Oil separatorejector.

LISTING OF MISCEW'LANEOUSNEW HARDWAREREQUIRED:

I. Steel structural shapesusedto enlarge turbochargerremoval
opening.

2. Imulated panels, condulb andsheetmetal heat shields. "

3. Dynamicbrake ¢a.bllngand assocTatedconnectorsandcleats.

TOTAL PRICEOF MAJOR NEW HARDWAREREQUIRED : $ 61800.

TOTALCOST OF MISCELLANEOUS NEW HARDWAREREQUIRED ; $ 800.

TOTAL COST OF lABOR TO MAKE MODIFICATION : $ 101500.

TOTAL EXHAUSTMUFFLERRETROFITCOST : $ 18s 100.

LOCOMOTIVE OUT OF SERVICEPLANT CYCLE TIME : 7 days

LOCOMOTIVE OUT OF SERVICETRA'NSITTIME : 4 days

. LOCOMOTIVE OUT OF SERVICE/DAY" : $ 500'

TOTALLOCOMOTIVE OUT OF SERVICECOST : $ Se500.

TOTAL COST : $ 23,600

_Bmedon information rum;shedby Burlington Northema Milwaukee, MissouriPaelfle,
RockIsland, Soulhern, SouthernPacifica and PennCentral Railroads.
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GENERAL MOTORS LOCOMOTIVE MODEL : GP38-2 (RootsBlown, 2,000 HP)

LOCOMOTIVE MODEL PRODUCTION DATES : January_ 1972 to present

NO. OF LOCOMOTIVES PRODUCEDAS OF
JANUARY t 1974 :' 538*

PERCENTAGEOF TOTAL GM LOCOMOTIVES
IN FIELD SERVICEAS OF JANUARY, 1974 : 2.3%

• PERCENTAGEOF TOTAL LOCOMOTIVES IN
FIELDSERVICEAS OF JANUARY, 1974 : 1.8%

MAJOR FEATURESAFFECTING AVAILABLE PERCENTAGEOF TOTAL

EXHAUSTMUFFLERSPACE MODEL PRODUCTION

A. StandardConfiguration
(No DynamicBrakes) 19.1%

B. StandardDynamicBrakes(Optional) 57.3%

C. ExtendedRangeDynamic BI;akes
(Optional) 23.6%**

* Thlstotal includesonly thoselocomotives built since May 31_ 1972.
Theremaining185 GP38-2 locomotiveshad a different coollng system
design(longer)and for retrofit of mufflers are comldered with GP38
locomotives.

el, Not consideredin thls studydue to ttme constraints. Howevert n_difi-
catlonswould be similar to t_osefor Standard Dynamic Brakes. Costs
would be slightly higher than far Standard Dynamic Brakesdue to more
axtemlve hatchwork requlred.

E-t9
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GP38-2 LOCOMOTIVE

VERBALDESCRIPTIONOF MUFFLERSYSTEM, INCLUDING SPARKARRESTING
WHERENECESSARY,TAKING INTO ACCOUNT OPTIONAL FEATURES:

Theexhaustsystemconsistsof a set of engTne-mountedsparkarrestingexhaust

manifoldsconnectedtn sedesand termInaffng in o commonoutlet. An exhaust

muffler is mountedIn an openingmadein the locomotivecarbodyroof structure

adjocentto the engine coolTngsystem. A flexible connectionis applTedto

couplethe engTne-mountedexhaustmanifolds to the hood-mountedmuffler.

"1hemuffleris a reactive-type and of straight-throughdeslgnto mlnimize

ha&pressure1reposedon the engine.

E-20
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A. GP3B-2 LOCOMOTIVE - STANDARD CONFIGURATION (NO DYNAMIC BRAKES)

DESCRIPTIONOF LOCOMOTIVE MODIFICATIONS NECESSARYTO
ACCOMMODATE RETROFITEXHAUSTSYSTEM:

I. ENGINE MAINTENANCE HATCH

The el_g_nemaintenance hatch mustbe removedf'rorn locomotive.
Therear sectionof the hatch is lengthenedapproximately 24 inches
and the structure is modified by providing anopening and supports
to accept an exhaust muffler.

2. LOCOMOTIVE CARBODY

The locomotive carbody to the rear of the air filter compartmentmust
be removedfrom the locomotive. The eurbodystructure is modified
adjacent to the radiators to accept the lengthenedengh_emaintenance
hatch. Thecarbady is tllen reappl_edandall piping andwiring dis-
connected to removethe corbody is reconnected.

3. ENGINE EXHAUSTMANIFOLDS

Theexistingexhaustmanifolds are removedfromthe engineand scrapped.
A new set of sparkarresting exhaustmanlfo/dsis applied to the engine
including interconnectinghardwarebetweenthe manifolds. Theengine
rnatntenancehatch is then reapplled.

4, MUFFLER

An exhaust muffler is installed In the openingmade in the engine
maintenancehatch. A Flexible connecHonbetween themuffler andthe
exhaustmanifolds ls applied.

5. COOLING SYSTEMPIPING

A modified engine water outlet costingis requiredto provide clearance
around the exhaustsystem. Piping between theengine water outlet and
tha radlal'on mustbe altered.

., 6. ' ,MUFFLER HATCHCOVER

A muffler hatch cover mustbe added to cover theexhaustmufflerand

¢omple!e the locomotive carbodyroof.

_21
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A, GP38-2 LOCOMOTIVE - STANDARD CONFIGURATION (NO DYNAMIC BRAKES)

LISTING OF MAJOR NEW HARDWARETO BEAPPLIED:

1. Spark arrestingex _austmanlfo Idsand interconnecting hardware,

2. Exhaustmuffler.

3, Flexlbla connection.

4. Muffler hatch cover.

5. Enginewateroutlet casting.

LISTING OF MISCELLANEOUSNEW HARDWARETO BEAPPLIED:

1. Steelstructuralshapesandsheet usedto modify engine malntenance
hatchandlocomotive earbody.

2. Enginewaterpiping.

TOTAL PRICEOF/VLAJORNEW HARDWAREREQUIRED : $ 11_300.

TOTAL COST OF MISCELLANEOUSNEW HARDWAREREQUIRED : $ 500.

TOTALCOST OF LABORTO MAKE MODIFICATION : $ 10_800.

TOTALEXHAUSTMUFFLERRETROFITCOST = $ 22,600

LOCOMOTIVE OUT OF SERVICEPLANT CYCLE TIME : 9 days

LOCOMOTIVE OUT OF SERVICETRANSIT TIME = 4 days

LOCOMOTIVE OUTOF SERVICECOST/DAY * : $ 500.

TOTAL LOCOMOTIVE OUT OF SERVICECOST : $ 61500.

TOTALCOST : $ 291100

eBmedon informationfurnishedby BurlingtonNorthern_Milwaukee, MissouriPacnict
Rocklslandt SoutherntSouthernPaclflct and PennCentral Railroads.
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B. GP38-2 LOCOMOTIVE EQUIPPEDWITH STANDARD DYNAMIC BRAKES

DESCRIPTIONOF LOCOMOTIVE MODIFICATIONS NECESSARYTO
ACCOMMODATE RETROFITEXHAUSTSYSTEM:

I. DYNAMIC BRAKEHATCH

The dynamicbroke hatch mustbe removedfrom the locomotive.
The rear sectionof the hatch is lengthenedapproximately24 inches
and the structure is modifiedby providing an opening andsupports
for an exhaustmuffler.

2. LOCOMOTIVE CARBODY

The 0comet ve carbody to the rear of"the air Rlter compartmentmust
be removedfrom the locomotive. The corbodX structure ismodified
adjacent to the radiators to accept the lengthenedenginemainten-
ance hatch. The carbody is then reappllcdand all piping andw_rlng
disconnectedto removethe carbody is reconnected.

3, ENGINE EXHAUSTMANIFOLDS

Theexisting exhaustmanifoldsare removedFromthe engine and
scrapped, A new set of sparkarresting exhaustmanifoldsis applied
to the engine including interconnecting hardwarebetweenthe mani-
folds. Thedynamlc brake hatch is then reapplied.

4. MUFFLER

An exhaustmuffler is imtalled in the openingmade in the dynamic
bro1_ehatch. A flexible connectionbetweenthe mufflerand the
exhaustmanifoldsis applled.

5. COOLING SYSTEMPIPING

A modifiedengine water outlet casting is required to provide clearance
around the exhaustsystem. Pipingbetweenthe engine wateroutlet
and the radiators mustbe altered.

6. MUFFLERHATCH COVER

A muffler hatch cover mustbe added to coverthe exhaustmuffler
and completethe locomotivecarbodyroof.
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B. GP38-2 LOCOMOTIVE EQUIPPEDWITH STANDARDDYNAMIC BRAKES

,LISTIHG OF M,AJOR hEW HARDWARETO BEAPPLIED:

1• Spark arrestingexhaustmanlfoldsand interconnecting hardware.

2. Exhaustmuffler.

3. Flexible connection.

4. Muffler hatch cover.

5. Enginewater outlet casHng.

LISTING OF MISCELLANEOUSNEW HARDWARETO BEAPPLIED:

1. Steel structuralshapesandsheetused to modify dynamic brake
hatch and locomotivecarbody.

2. Enginewater piping. 1

TOTALPRICEOF MAJOR NEW HARDWAREREQUIRED : $ 111300.

TOTALCOST OF MISCELLANEOUS NEW HARDWAREREQUIRED : $ 500.

TOTAL COST OF LABORTO MAKE MODIFICATION : $ 11t200.

TOTALEXHAUSTMUFFLERRETROFITCOST : $ 231000..

LOCOMOTIVE OUT OF SERVICEPLANTCYCLE TIME : 9 days

LOCOMOTIVE OUT OF SERVICETRANSIT TIME : 4 days

LOCOMOTIVE OUT OF SERVICECOST/DAY * : $ 500.

TOTAL LOCOMOTIVE OUT OFSERVICECOST : $ 6t500.

TOTALCOST = $ 29,500.

: *_1 on Informationfurnishedby BurlingtonNorthern, Milwaukee, MissouriPacific,
i RockIsland, Southern_SouthernPacific, and PennCentral Railroads.

i E-.24
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GENERALMOTORS LOCOMOTIVE MODEL : GP38 (RootsBlown, 2, 0O0HP)

LOCOMOTIVE MODEL PRODUCTION DATES : Januaq,, 1966 to December, 1971

NO. OF LOCOMOTIVES PRODUCEDAS OF
JANUARYt 1974 : 977*

PERCENTAGEOF TOTAL GM LOCOMOTIVES
IN FIELDSERVICEAS OF JANUARY, 1974 : 4.2%

PERCENTAGEOF TOTAL LOCOMOTIVES IN
FIELDSERVICEAS OF JANUARY e 1974 : 3.30/0

I

MAJOR FEATURESAFFECTING AVAILABLE PERCENTAGEOF TOTAL
EXHAUSTMUFFLERSPACE: MODEL PRODUCTION

A. StandardConfiguration
(No dynamicbrakes) 15.6%

B. StandardDynamlc'Brakes-(Optional) '54.3%

C. ExtendedRangeDynamTcBrc_es
(Optional) and Oil BathEngine
Air Filters 12.9%

D. ExtendedRangeDynamic Brakes
(Optional) and PaperEngine Air
Filters 17.2%

eThlstotal Includes185 GP38-2 Iocomotlvmwhlch were built wlth coollngsystems
similar to GF3Blocomotives.
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GP38 LOCOMOTIVE

VERBALDESCRIPTIONOF MUFFLERSYSTEM, INCLUDING SPARK
ARRESTINGWHERENECESSARY,TAKI NG INTO ACCOUNT OPTIONAL
FEATURES:

The exhausPsyslemconsistsof a set of"engine-mountedsparkarresting

exhaustman_fofdsconnectedtn seriesand terminating in a commonoutlet.

An exhaustmuffleris mountedin an opening made in the locomotive

carbody roof stnJetureadjacent to the engine cooling system. A flexible

connection is applied to couple the engtne--'mountedexhaustmanifoldsto

the hood-mountedmuffler. Themuffler N a:reactive-type andof stralght-

throughdesigntom_n|mlzebackpressureimposedon the anglne.

E-26
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A. GP38 LOCOMOTIVE - STANDARDCONFIGURATION (NO DYNAMIC BRAKE)

DESCRIPTIONOF LOCOMOTIVE MODIFICATIONS NECESSARYTO ACCOM-
MODATE RETROFITEXHAUSTSYSTEM:
1. ENGINE MAINTENANCE HATCH

The engine malntenance hatch mustbe removed FromIocomotlve. The
rear section of the hatch is lengthened approximately 24 inches and
the structureis modified by provldlng an openingand supportsto
accept an exhaustmuffler.

2. LOCOMOTIVE CARBODYAND COOLING SYSTEM

The locomotivecorbody to the rearof the alr flJter compartmentmust
be removedfrom the locomotive. The existing cooling systemand
supportingstructure mustbe removedFromthe carbody. This involves
radiators_ coaling fans, shutters, piping, electrical wiring, andsteel
structure. Thestructure must be rebuilt to accept a shortenedradiator
set. The two cooling fans mustbe rebuilt wlth extra blades. New,
shortershutterassembliesmustbe instulled. The eleotri col wlrlng must
be relocated. A new fan hatcht and repositioning the fans is required.
In addition, the carbody structure mustbe modified to accept the
Increasedlength engine maintenance hatch. The carbody is then
reapplted andall piping and wiring disconnected to remove the
carbody is reconnected.

3. ENGINE EXHAUSTMANIFOLDS

The exlstlng exhaustmanH'oldsare removedfromthe engine andscrapped,
A new set of spark arrestingexhaustmanifolds is applled to the engine
inoludlng interconnecting hardwarebehveen the manifolds. The engine
maintenancehatch is then reapplied.

4. MUFFLER

An exhaustmuffler is installed in the opening madein the engine
malntenancahatch° A flexible connectionbetweenthe mufflerand
the exhaustmanifoldsisapplied.

5. COOLING SYSTEMPIPING

A modified enginewater outlet castingis required to provide clearancearound
the exhaustsystem. Piping betweenthe englne water oul;let and the radiators
mult ba altered.

6. MUFFLERHATCHCOVER

A muffler hatch Covermustbe addedto caret the exhaustmufflerand
campletothe Io_motlve carbody roof.
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A. GP38 LOCOMOTIVE - STANDARD CONFIGURATION (NO DYNAMIC BRAKES)

LISTING OF MAJOR NEW HARDWARETO _EAPPLIED:

I. Spark arresting exhaust manifolds and interconnectinghardware.

2. Exhaust muffler.

3,, Flexible connection.

4. Muffler hatch cover.

5. Engine water outlet casting.

6. Rebuilt cooling fanswith extra blades(two).

7. Cooling fan hatch.

8. Radiator supportassembly.

9. Rodlatorshutters.

LISTING OF MISCELLANEOUS NEW HARDWARETO BEAPPLIED:

1. Steel structural shapesand sheet used to.modiFyenginemalntenance hatch.

2. Steel struchJra/shepesandsheet usedto modify cooling systemand locomotive carbody.

3. Engine water piplng.

4. Conduit and wiring.

TOTAL PRICEOF MAJOR NEW HARDWAREREQUIRED : $ 15t000.

TOTAL COST OF MISCELLANEOUS NEW HARDWAREREQUIRED : $ 800.

TOTALCOST OF LABORTO MAKE MODIFICATION : $ 189100,

TOTALEXItAUST MUFFLERRETROFITCOST : $ 33,900°

LOCOMOTIVE OUT OF SERVICEPLANT CYCLE TIME : 12days

LOCOMOTIVE OUt OF SERVICETRANSITTIME : 4 days

LOCOMOTIVE OUT OF SERVICECOST/DAY* : 500.

: " TOTAL LOCOMOTI_/E OUT OF SERVICECOST : .8,000.
Q

TOTAL COST : $ 41,900.

_Bmedan |nforrnatlonfurnishedby Burlington Northern, Milwaukee, Missouri Pae|fi¢t
Ito¢k Islandt Southern, SouthernPaclftat and PennCentral Rolfmads.

1
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GP3B LOCOMOTIVE EQUIPPED WITH STANDARD DYNAMIC BRAKES

9ESCRIPTIONOF MODIFICATIONS NECESSARYTO ACCOMMODATE
RETROFITEXHAUSTSYSTEM_

I. DYNAMIC BRAKEHATCH

Thedynamicbrake hatchmustbe removedfrom locomotive. Therear
sectlonof thehatch is lengthenedapproximately24 inchesand the
stnuctulels modified by providing an openlngand supportsfor an
exhaustmuffler.

2. LOCOMOTIVE CARBODYAND COOLING SYSTEM

Thefocomatlve carbodyto the rearof the air fi Iter compartmentmust
be removedfrom the locomotive. Theexisting coolingsystemand
supportingstructuremustbe removedfrom thecarbody. This involves
radlators_cooling fanse shutterst plplngt electrical wldnge andsteel
smJcture. The structuremustbe rebuilt to accept a sl'ortenedradiator
set. Thetwo cooling fansmustbe rebuilt with extra blades. News
shortershuttorassembllesmustbelnstalled. Theelectrical w!Hngmustba
relocated. A new fan hatch and reposltlonlngthe fansis requlred.
In additiont the carbodystructuremustbe moclifiedto accept the in-
creasedlengthdynamicbrakehatch. The carbodyis then reapplled
and all plplng and wiring disconnectedto removethe carbody Is reconnected.

3. ENGINE EXHAUST'MANIFOLDS

The existingexhaustmanifoldsare removedfromthe engineandscrapped.
A new setof spark arresHngexhaustmonlfo/dsis applled to theengine
Indudlng interconnectinghardwarebetweenthe manifolds. The
dynamlabrakehatch Is thanreapplled.

4. MUFFLER

An exhaustmuffler Is 1retailedin the openingmadein the dynamicbrake
hatch. A flexible connectionbetweenthe mufflerandthe exhaustmeal-
FOldsis applied.

5. COOL!NG SYSTEMPIPING

A modifiedenglne wateroutlet casting|s requiredto provideclearance
aroundthe exhaustsystem. Piping betweenthe enginewater outlet and
the radlalonmustbe altered.

. MUFFLERHATCHCOVER

A mufflerhatchcovermustbe addedto cover the exhaustmuffler and
completethe locomotivecarbodyroof,
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B. GP38 LOCOMOTIVE EQUIPPEDWITH STANDARDDYNAMIC BRAKES

LISTING OF MAJOR NEW HARDWARETO BEAPPLIED:

1. Sparkarrestingexhaust manifoldsand |nterconnecfinghardware.

2. Exhaustmuffler°

3, Flexible connection.

4. Muffler hatchcover.

5. Enginewateroutlet casting.

6. Rebuilt coolingPanswith extra blades (two).

• 7. Cooling fanhatch.

8. Radiatorsupportassembly.

9. Radiatorshutters.

LISTING OF MISCELLANEOUSNEW HARDWARETO BEAPPLIED:

1. Steel struatur;,Ishapesand sheetusedto modifydynamlobrake hatch.

2. Steel stru¢_ral shapesandsheetusedto modifycooling systemand locomotive¢arbody.

3. Enginewaterpiping.

4. Condult and wiring,

TOTAL PRICEOF MAJO_ NEW HARDWAREREQUIRED ' : $ 15,000.

TOTAL COSTOF MISCELLANEOUSNEW HARDWAREREQUIRED • : $ 800.

TOTAL COST OF LABORTO MAKE MODIFICATION : $ 18,700.

TOTAL EXHAUSTMUFFLERRETROFITCOST : $ 34,500.

LOCOMOTIVE OUT OF SERVICEPLANT CYCLETIME : 12 da)¢

LOCOMOTIVE OUT OF SERVICETRANSITTIME : 4 days

LOCOMOTIVE OUT OF SERVICECOST/DAY * : $ 500.

TOTAL LOCOMOTIVE OUTOF SERVICECOST : $ 8a000.

TOTAL COST : $ 42,500.

"Breedon informationPumishadby BurllngtonNorthern, Milwaukee, Missaur! PacTfic_
end PennCentral Railroad. F,-3O
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C. GP38 LOCOMOTIVE EQUIPPEDWITH EXTENDEDRANGE DYNAMIC BRAKES
AND OIL BATHENGINE AIR FILTERS

DESCRIPTIONOF MODIFICATIONS NECESSARYTO ACCOMMODATE
RETROFITEXHAUSTSYSTEM:

I. EXTENDEDRANGE DYNAMIC BRAKEHATCH

The extendedrangedynamicbrakehatch mustbe removedfromlocomotive.
The rearsectionof the hatch is lengthenedapproximately24 inchesand the
structure is modified by providingan opening andsupportsfor an exhaustmuffler.

2. LOCOMOTIVE CARBODYAND COOLING SYSTEM

The locomotiveaarbodyto the rear of the air filter compartmentmustbe
removedFrom'thelocomotive. Theex;sffng coolingsystemand supporting
structure mustbe removedfromthe carbody. This Involvesradiatorst
cooling fans, shutterst piplngt electrical wiring, andsteel structure. The
structure mustbe rebuilt to accepta shortenedradiatorset. Thetv,o cooling
fansmustbe rebuilt with extra blades. NewI shortorshutterassembllesmust
be installed. The electrical wiring mustbe relocated. A new fan hatch
and reposltioningthe fans is required. Inadd_tiont the carb0dystructure
mustbe modifiedto accept the increasedlengthdynamicbroke hatch.
The carbodyis thenreapplled andall piping andwiring dTsconnectedto
removethe cQrbod),is reconnected.

3. ENGINE EXHAUSTMANTFOLDS

The existingexhaustmanlfoldsare removedfrom the engineand scrapped.
A new set of sparkarrestingexhaustmanifoldsis applied to the engine
Including interconnectinghardwarebetween the manifolds. The dynamic

: broke hatch is thenreapplled.

: 4. MUFFLER

An exhaustmuffler ls Installedin the opening madeIn the dynamicbr&e
hatch. A flexible connectionbetweenthe muffler and the exhaust
manifoldsis applied.

5. COOLING SYSTEMPIPING

A modifiedengine wateroutlet castingis I:equiredto provide clearancearound
the exhaustsystem. Plplng betweenthe englne wateroutlet and the radlators
mustbe altered.

6. MUFFLERHATCHcovER

A muffler hatchcovermustbe addedto cover the exhaustmuffler andcomplete
the locomotivecarbodyroof.
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C, GP3B LOCOMOTIVE EQUIPPEDWITH EXTENDEDRANGE DYNAMIC BRAKES
AND OIL BATHENGINE AIR FILTERS

LISTING OFMAJOR NEW HARDWARETO BEAPPLIED:

1. Spa._arrestingexhaustmanifoldsand interconnectinghardware.

2. Exhaustmuffler.

3. Flexlble connection.

4. Muffler hatchcover.

5. Englnewater outlet casting.

6. RebuiFtcooling Fanswlth extra blades(hvo).

7. Cooffngfanhatch.
i

8. Radlatorsupportassembly.

9. Radiatorshutters.

LISTING OF MISCELLANEOUSNEW HARDWARETO BEAPPLIED:

I* Steel stnscturalshapesandsheetusedto modifyextended rangedynarnlcbrake hatch,

2. Steelstracturalshapesandsheet usedto modify cooling systemand locomotiveaarbody,

3, Enginewaterpiping.

4. Conduit andwiring°

TOTAL PRICEOF MAJORNEW HARDWAREREQUIRED : $ 15,000.

TOTAL COST OF MISCELLANEOUSNEW HARDWAREREQUIRED :' $ 800.

TOTAL COST OF LABORTO MAKEMODIFICATION ': $ 18t900.

TOTAL EXHAUSTMUFFLERRETROFITCOST : $ 34,700,

LOCOMOTIVE OUT OF SERVICEPLANTCYCLE TIME i 12days

LOCOMOTIVE OUT OF SERVICETRANSITTIME : 4 days.

LOCOMOTIVE OUT OF SERVICECOST/DAY * s $ 500.

TOTAL LOCOMOTIVE OUT OF SERVICECOST : $ Be000.

TOTALCOST : $ 421700.

• Basedon lnforrna on furnishedby Burlington Northem_ MiLwp_keeb MissouriPaclflo.Rock sl_nd, ,Southern,SouthernPacific, and PennContrm KaHroaas.
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D. GP38 LOCOMOTIVE EQUIPPEDWITH EXTENDEDRANGE DYNAMIC BRAKES
AND PAPERENGINE AIR FILTERS

DESCRIPTIONOF LO COMOTNE MODIFICATIONS NECESSARYTO ACCOMMODATE
RETROFITEXHAUSTSYSTEM:

I. EXTENDEDRANGE DYNAMIC BRAKEHATCH

The extended range dynamlcbrake hatch mustberemovedfrom locomotive.
Appraxtmalely 23 inches is removedfrom the front of lhe hatch to effectively
move the hatch forwardon the locomotive. The rear section of the hatch is
then lengthened about 47 inchesand the structure is modified b/providing
anopening and supportsfor anexhaust muffler. Dynamic brake cables,
condu_t,and control w_resmustbe removedand rerouted.

2. LOCOMOTIVE CARBODYAND COOLING SYSTEM

The locomotive carbod/to therear of the air f/It.-r compartmentmustbe
removedfromthe locomotive. The exlsfin9 cooling systemandsupporting
structuremustbe removedfromthe carbody. Thls involvesrad_atars_cooling
fans, shutters, piping, electrical wiring, and steelstructure. The structure
mustbe rebuilt to accepta shortenedradiator set. Thetwo cooling fans
mustbe rebuilt with extra blades. New, shortershutterassembliesmustbe
installed. Theelectrical wiringmustbe relocated. A new fan hatch and
reposltionlngthe fansis required. In addltlon_the carbodystructuremust
be modifiedto accept the Increasedlength dynamicbrakehatch, The
carbody is then reapplled andalepiping and wiring disconnectedto remove
the carhody is reconnected.

3. ENGINE EXHAUSTMANIFOLDS

Theexisting exhaustman!foldsare removedfromthe engineand scrapped.
A newsetof sparkarrestingexhaustmanifolds Isapplied to the engFne
including interconnectinghardwarebetweenthe manifolds. The dynamic
brake hatch is then reappl|ed.

4. MUFFLER

An exhaustmuffler is installedin the openingmadeIn thedynamic brake
hatch. A flexible connectionbetweenthe muffler and the exhaustmanifolds
is applied,

.5. COOLING SYSTEMPIPING

A modified engine water outlet casting ls required toprovide clearancearound
the exhaustsystem. Piping betweenthe enginewateroutlet andthe radiators
mustbe altered.

- 6. MUFFLERHATCH COVER

A muffler hatch cover mustbeadded to coverthe exhaustmuffler and complete
the locomotivecarhady roof.
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D. GP38 LOCOMOTIVE EQUIPPEDWITH EXTENDEDRANGE DYNAMIC BRAKES
AND PAPERENGINE AIR FILTERS

LISTING OF MAJOR NEW HARDWARETO BEAPPLIED:

1. Sparkarrestingexhaustman,foldsand interconnecting hardware.

2. Exhaustmuffler.

3. Flexible connection.

4. Muffler hatch cover.

.5. Enginewater outlet casting.
.i

6. Rebuilt cooling fanswlth extra blades (two).

7. Cooling fan hatch.

8. Radiatorsupportassembly.

9. Radiatorshutters.

LISTING OF MISCELLANEOUS NEW HARDWARETO BEAPPLIED:

• !. Steel structural shapesand sheei"used to mod;fy extended range
dynamic brake hatch.

2. Steel structuralshapesand sheetused to modify cooi_ng system
and locomotive¢arbody.

3. Enginawater piping.

4. Conduit and wlrlng.

5. Dynamicbrokecabl;ng.

i E-36,
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TOTAL PRICEOF MAJOR NEW HARDWAREREQUIRED = $ 151000.

TOTAL COST OF MISCELLANEOUSNEW HARDWAREREQUIRED : $ 800.

TOTAL COST OF LABORTO MAKE MODIFICATION = $ 20,500.

TOTALEXHAUSTMUFFLERRETROFITCOST : $ 36_300.

LOCOMOTIVE OUT OF SERVICEPLANTCYCLE TIME : 13 days

LOCOMOTIVE OUT OF SERVICETRANSITTIME : 4 days

LOCOMOTIVE OUT OF SERVICECOST/DAY * : '$ 500.

TOTAL LOCOMOTIVE OUT OF SERVICECOST = $ 8,500.

TOTALCOST ." $ 44_B00.

* Basedon informationfurnishedby BurlingtonNorthern_ Mllwaukaer
M;ssour;Pac;f;ct RackJsland_Southern_SouthernPacific,
andPennCentral Ra;Iroads
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GENERAL MOTORS CORPORATION
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USG 350-74-16

En_qmnmentalAct_luesSto_GeneratMotorsCorpC,_a[ion
GeneralMotorsTechnicalCenCer
Warron,Michtgar148090

November15, ]974

Dr. Alvin F. Meyer, Jr.
DeputyAssistantAdmlnlstrator

for Nolse Control Programs
EnvironmentalProtectionAgency
Crystal Mall Building- Room1115
1921JeFfersonDavisHighway
Arlington, V;rginla 20460

DearDr. Meyer:

In responseto your requestfar LocomotiveExhaustMuffler Retrofit-Cost Study,
we areattaching five (5) copieSof ReportNo. 2.

Thlsrepresentsthe secondInstallmentof a studyundertakenby Electro-Motlve
Divldon to estimate the costof engineexhaustsystemhardwareand associated
locomotivemodification deeme¢_necessaryto meet the EPAproposedstationary
locomotivesoundlevel limit of 87 dBAat 30 metersat any throttle setting.

Thesecondreport coversGM (.EMD)locomotivemodelsGP7, GP_, andGP18.
It shouldbe pointed out thatthe proposedexhaustsystemhardware for these
three GP locomotivemodelsIs notavailable and wOuldrequire further deslgnand
performanceevaluation wlthsubsequentstructuraldurability testing prior to pro-
due,ion usage.

Cost StudyReport No. 2 anda seriesof similar reports to be submitted to EPA _
will ultimately cover 14 GeneralMotorsmodel locomotives representinga total
of 14s789 units deliveredby EMD, or 63.4% of the 23,307 totql GM locomotives
In oorvlco on Class1 end2 Railroadsasof January I, 1974. The figuresstated
In this reportare not neee,arlly representativeof the amountsthat will be sub-
mitted forother locomotivemodelsin subsequentrepom.

If you have any questionsregardingthis report, please de not hesitate to contact me.

Slncqry_o_d,

• .,ot.,.o,
Vehicular Noise Cont_

, Attachments(5)
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GENERALMOTORS CORPORATION
LOCOMOTIVE EXHAUSTMUFFLERREPORT

COST STUDY REPORTNO. 2

LOCOMOTIVE MODELSGP7f.GF9 r and GP18

Thisstudy was undertaken by General Motors in responseto a requestby the Environ-

mental Protection Agency to provide cast informationon the expenseto the railroads of.

retrofitting ;n.-serv;celocomotives with exhaust mufflerhardware. Suchretrofit would
i.

enable a diesel/acornot;ve to meet the EPAproposedstationary loCOmOtivesoundlevel

limit at"87 dB (A) at any throttle setting measuredat 30meters.

Duringa meeting at the Efectro-Motlve Divlslon (EMD)of GM on September26, 1974,

EMD advised EPAre'presentafivesthat it would undertakea "paper study"of" the engine

exhaustsystemhardware.andassociatedapplication modificationsof certain EMD

locomotivemodelswhich would be necessaryin orderto complyWith an 87 dB (A) sound

level.

EMD alsostated that this retrofit workwasnot being sollclted by General Motors and

that EMD locomotive manufacturingfacilities were notsufficient to undertake this retrofit

work, primarily duo to the volume oFnow locomotiveproduction. Thiswork would

presumablybe cloneby the railroads.themselvesor by otherspursuantto contractswith

railroads.

E-38
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No attempthas beenmadeto determine the costfor retrofit noisecontrol treatment

necessaryto achieve compliancewith the EPAproposedlocomotivenoisestandard

of 67 dB(A) at 30 metersunderstationaryidle condition.

If shouidbe pointed 0ut that the proposedexhaustsystemhardwarefar the three.GP ,

locomotivemodelscovered in this secondcost studyis not available andwould

require furtherdesignandperformanceevaluation with subsequent'structuraldurabillfy j .. •

testingprior to productionusage.

Th)sstudywasconfinedto the locomotiveconfiguration as delivered to the .railroads

by EMD. If |hera hasbeensubsequentmodlflca)ion, atterotion, addition, accident,

damaget etc., to a speolflc locomotivewhich might affect the time and/or rnaterlals

necessaryto retrofit that IocomoHvetthe estimatefor that locomotive would have to be
/

adlustedaccordingly. Thesedata coveronly the effort required to apply the engine"

exhaustsystemhardwaremodificaHons. Theydo not include any allowancesfor the
i

repair of t or adde¢3costsresulting fromdefects, accident damage, etc. which maX

have to berepcdredbefore retrofit canbe accomplhhed, e.g., there is noprovis_on

for tadlator repair. Cleaningand paintingare confinedto 0nly thoseareasinvolved

In the retrofit modifications.

Theestimatedretrofit me|or new h_rdwarewould have to be developedandsold by

EMD at EMDPor_ Departmentprlaas. The misice)laneoushardwareare itemswhich

E-39
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would be purchasedby EMD fromothers. The amountsshown for thesetwo classi-

flcations of hardwareand for EMD labor ore basedonknown, current costsat EMD

as of October 1974. None of the amountscontain any provision for future economics,

and s|gn|ficantadjustmentsmaybe necessarydue to inflation and other consTderatiofls.

The amountswere establishedon preliminary designinformation and sketches for

engine exhaustsystemhardwareretrofit requlrements.

Laborcostsand miscellaneousnew hardwaredo not";nclude profit onthe amountshow,i,

whereas, any contractorthat performedretrofit labor services for the raitroadswould

|nctudo a mark-upon this laborandan purchasedmaterlals. Thesefigures are also

predfcatedon the assumptionthat sufficient toolTng_Facilities, and raw materials are

available to manufacturethe required parts, alter the locomotive carbodies, andperfarel

otheroperotlons necessaryto retrofitthe locomotives. Moreover, it is presumedthat

this could all be doneundernormalpmduatlonconditions.

Productionline balancing (the utilization of laborin the mostequitable and efficient

mann0r)is on importantcansidomtien at EMD, but ;s not included in this study. It

shouldbe emphasizedthat the necessarytnol;ng and facilities, and floor space re-

quircd to retrofit Iocornoffvasend manufactureadditional quantities of certain piece

partse do not exist at this time at EMD. Any estimateof the cost of the requisitetool-

Ing endfacilities could only be determinedafter retrofit cycle times clnda scheduleby

by locomotivemodel typoare established. Once thisinformationis obtained, the

amountsstated herein wouldhave to be modified to include suchadditional tooling and

feoilitI_ cosB since the emounBpresenteddo not contain allowance for this significant

area of cost,
E-40,
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GENERAL MOTORS LOCOMOTIVE MODEL : GP7 (Roots Blow_, 1,500 HP)

LOCOMOTIVE MODEL PRODUCTION DATES : 1949 - 1954

NO. OF LOCOMOTIVES PRODUCED'AS OF

JANUARY, 1974 : 2,619

PERCENTAGE OF TOTAL GM LOCOMOTIVES

IN FIELD SERVICE AS OF JANUARY, 1974 : 11.2%

PERCENTAGE OF TOTAL LOCOMOTIVES IN
FIELD SERVICE AS OF JANUARY, 1974 : 8.7%

2.L%JORFEATURES AFFECTING AVAILABLE PERCENTAGE OF TOTAL

EXHAUST MUFFLER SPACE MODEL PRODNC?ION

A. Standard Configuration
(No Dynamic Brakes) 85.9%

B. Standard Dynamic Brakes (Optional) 14°1%

C. Winterisation (Optional) * 24.6%

i

_ * Costs developed wlth regardto this optional feature are in addition to tho:. established
for features A and B Jistedsbovs. The winterTzetlon feature involve= ths addition of a

duct which take= warm a_rFrom the radiator and ree|rculste$ it to the engine room to melt

any _now wh|oh has ,¢¢umuJatad there. U.se,don those Isoo@ot|v_ which are regulsrly
• operated _n oo|d climates.
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GENERAL MOTORS LOCOMOTIVE MODEL : GP9 (Roots Blown, 1,750 HP)

LOCOMOTIVE MODEL PRODUCTION DATES : 1954 - 1959

NO. 0P LOCOMOTIVES PRODUCED AS OF
JANUARY, 1974 : 3,480

PERCENTAGE OF TOTAL GM LOCOMOTIVES
IN FIELD SERVICE AS OF JANUARY, 1974 :' 14.9%

PERCENTAGE OF TOTAL LOCOMOTIVES IN
FIELD SERVICE AS OF JANUARY, 1974 : 11.6%

MAJOR FEATURES AFFECTING AVAILABLE PERCENTAGE OF TOTAL
EXHAUST MUFFLER SPACE MODEL PRODUCTION

A. Standard Configuratlon 40.2%
(No Dynamic Brakes)

Be Standard Dynamic Brakes (Optional) 59.8%

Co Winterization (Optional) * 22.8%

* Co-st_d_,volopodwlth regardto thTs'opt|onalfeatureera |nadditionto thoseestablished
forfeaturesA and 8 llstsdabove. ThewfnteHzat;anfeatureinve]vestheadd;t|onof's
ductwhichtakeswarmair fromtheradiatorand recircufates;t to theeng;neroomto melt
anysnowwhlchhmaccumulatedthem. Us_l.on_hs:efocomot;veswhichare regufarJy

"opemt©din coldclfmatss.
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GENERAL MOTORS LOCOMOTIVE MODEL : GPI8 (Roots blown, 1,800 HP)

LOCOMOTIVE MODEL PRODUCTION DATES ': 1959 - 1963

NO. OF LOCOMOTIVES PRODUCED AS OF

JANUARY, 1974 : 343

PERCENTAGE OF TOTAL GM LOCOMOTIVES

IN FIELD SERVICE AS OF JANUARY, 1974 : 1.5% _,

PERCENTAGE OF TOTAL LOCOMOTIVES

IN FIELD SERVICE AS OF JANUARY, 1974 : 1.1%

MAJOR FEATURES AFFECTING AVAILABLE PERCENTAGE OF TOTAL

.... EXHAUST _UFFLER SPACE MODEL PRODUCTION

A. Sta,dard Configuration 74.0%
(No D_namlc Brakes)

B. Standard Dynamic Brakes (Optional) 26.0%

C. Winterization (Optional) * 7.2%

•e ' " Costsdoveiopedwithregardto thlsoptionalfeatureare In additlonto thoseestablished
for feature: A and B J_stedabove. The wlnteHzatlon feature |nvoJves the addle|on of a

duct which takes warmair fromthe mdlotor and rec_reul_tes it to the engrne room to melt

any snowwhich has accumulated there. Used on those locomotives which ore regularly
oponot_d Tn cold climates.. ....

.F
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Page 7

"GP7, GPg, and GPI8 LOCOMOTIVES

DESCRIPTION OF MUFFLER SYSTEM, INCLUDING SPARK ARRESTING
W]_RE NECESSARY, TAKING INT0 ACCOUNT OPTIONAL FEATURES:

The exhaust system consists of a set of four engine-mounted spark

arresting exhaust manifolds connected in pairs and terminating in

two flanged outlets. Two exhaust mufflers are mounted directly on

the exhaust"manifold flanged outlets and protrude through openings

made in the roof structure. The weight of the mufflers is sup-

ported by the exhaust manifolds which are reinforced to accept the

ndded loads. The muffler is a reactive-type of stralght-through

design to minimize baekpressure imposed on the engine.
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A. GP7, GP9, and GPI8 LOCOMOTIVES - STANDARD CONFIGURATION ,
(NO DYNAMIC BRAKES)

DESCRIPTION OF LOCOMOTIVE MODIFICATIONS NECESSARY TO
ACCOMMODATE RETROFIT EXHAUST SYSTEM:

1. LOCOMOTIVE CARBODY

The locomotive carbody to the rear of the cab
must be removed from the locomotive. The
existi_:g exhaust stack openings in the carbody
roof mqst be enlarged and the adjacent structure
modified to a].low the muffler to protrude through
the locomotive roof.

2. ENGINE EXILAUST MANIFOLDS

The existing exhaust manifolds are removed from
the engine and scrapped. A new set of spark
arresting manifolds and interconnecting hardware ,
is applied to the engine. The locomotive carbody
is tl_en reapp]ied and all piping and wiring dis-
connected to remove the carbody is reconnected.

3. MUFFLER

Two exhaust mufflers are applied to the new
engine exhaust manifolds through the openings
made in the carbody roof.

4. MUFFLER COVER

A roof-mounted cover is applied over each muffler
to protect the muffler and minimize rain intrusion
into the locomotiva.

E-45
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A. GP7, GP9, and GPI8 LOCOMOTIVES - STANDARD CONFIGURATION

(NO DYNAMIC BRAKES) '.......

LISTING OF MAJOR NEW HARDWARE TO BE APPLIED:

i. Pour spark arresting exhaust manifolds and inter-
connecting hardware.

2. Two exhaust mufflers.

• 3. Two muffler covers.

LISTING OF MISCELLANEOUS NEW HARDWARE TO BE APPLIED:

i. Steel structural shapes used to modify locomotive
carbody.

TOTAL PRICE OF MAJOR NEW HARDWARE REQUIRED : $ 4,400.

TOTAL COST OF MISCELLANEOUS NEW HARDWARE REQUIRED : $ 300.

TOT/_L COST OF LABOR TO MAKEMODIFICATION, : $ 6,600.

TOTAL EXHAUST MUFFLER RETROFIT COST : $ 11,300.

LOCOMOTIVE OUT OF SERVICE PLANT CYCLE TIME : 6 days

LOCOMOTIVE OUT OF SERVICE TRANSIT TIME : 4 days

LOCOMOTIVE OUT OF SERVICE COST/DAY * : $ 500.

TOTAL LOCOMOTIVE OUT OF SERVICE COST : $ 5,000.

TOTAL COST : $ 16,300.

•Based on information furnished by Burlington Northern, Milwaukee,
Missouri Pacific, Penn Central,Rock Island, Southern, and Southern
Pa=ifle Railroads.
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B. GP7, GP9, and GPI8 LOCOMOTIVES EQUIPPED WITII STANDARD DYNAbIIC DRAKES

DESCRIPTION OF LOCOMOTIVE MODIFICATIONS NECESSARY TO ACCOMMODATE
RETROFIT EXHAUST SYSTEM:

"i. DYNAMIC DRAKE HATCH

The dynamic brake hatch must be removed from the
locomotive. The existing exhaust stack openings

in the hatch must be enlarged and the structure
modified to allow the muffler to protrude through
the locomotive roof.

2. ENGINE EXHAUST MANIFOLDS

The existing exhaust manifolds are removed from
the engine and scrapped. A new set of spark
arresting manifolds and interconnecting hardware
is applied to the engine. The dynamic brake hatch
as then reapplied and all piping and wiring dis-
connected to remove the hatch is reconnected.

3. MUFFLER

Two exhaust muffler's are applied to the new engine
exhaust manifolds through the openings made an the
dMnamie brake hatch.

4. MUFFLER COVER

A roof-mounted cover is applled over each muffler
to protect the muffler and minimize rain intrusion
into the locomotive.
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B. GP7, GP9, and GPI8 LOCOMOTIVES EQUIPPED _ITH STANDARD DYNAMIC BRAKES

LISTING OF MAJOR NEW HARDWARE TO BE APPLIED:

.i. Four spark arresting exhaust manifolds and inter-
connecting hardware.

2. Two exhaust mufflers.

3. Two muffler covers.

LISTING OF MISCELLANEOUS NEW HARDWARE TO BE _PLIED:

1. Steel structural shapes used to mudify dynamic brake
hatch.

TOTAL PRICE OF MAJOR NEW HARDWARE R_QUIRED : $ 4,400.

TOTAL COST OF MISCELLANEOUS NEW HARDWAI_ REQUIRED : $ 300.

TOTAL COST OF LABOR TO MAKE MODIFICATION : $ 5,800.

TOTAL EXHAUST MUFFLER RETROFIT COST : $ 10,500.

LOCOMOTIVE OUT OF SERVICE PLANT CYCLE TIME : 5 days

LOCOMOTIVE OUT OF SERVICE TRANSIT TIME : 4 days

LOCOMOTIVE OUT OF SERVICE COST/DAY * : $ 500.

TOTAL LOCOMOTIVE OUT OF SERVICE COST : $ 4,500.

TOTAL COST : $ 15,000.

• Based on information furnished by Burlington Northern, Milwaukee,
Missouri Pacific, Penn Central, Rook Island, Southern, and
Southern Pacific Railroadao
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C. 'GP7, GP9, and GPI8 LOCOMOTIVES EQUIPPED WITH WINTERIZATION FEATURE

DESCRIPTION OF MODIFICATIONS NECESSARY TO ACCOMMODATE
RETROFIT EXHAUST SYSTEM:

I. LOCOMOTIVE CARBODY OR DYNAMIC BRAKE HATCH

A five inch wide section of the winterization

opening in the oarhmdy roof or dynamic brake
hatch must be altered to allow the rear ex-
haust muffler to be installed.

2. WINTERIZATION DUCT

The winterization duct must be removed from

the locomotive. The duct must be altered by
shortening the length of the duct five inches.
The duct must then be reapplied to the modified
carbody roof or dynamic brake hatch.
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C. GP7, GP9, and GPI8 LOCOMOTIVES EQUIPPED WITH WINTERIZATION FEATURE

•LISTING OF ADDITIONAL MISCELLANEOUS NEW HARDWARE TO BE APPLIED:

1. Steel structural shapes and sheet used to modify carbody
roof or dynamic brake hatch.

2. Steel structural shapes and sheet used to modify
winterization duct.

TOTAL COST OF ADDITIONAL MISCELLANEOUS NEW

HARDWARE REQUIRED , : $ - 0 -

TOTAL COST OF ADDITIONAL LABOR TO MAKE

MODIFICATION : $ I,I00.

TOTAL ADDITIONAL EXHAUST MUFFLER RETROFIT COST : $ i,i00.

ADDITIONAL LOCOMOTIVE OUT OF SERVICE PLANT

CYCLE TIME : 1 day

LOCOMOTIVE OUT OF SERVICE cOsT/DAY * : $ 500.

TOTAL ADDITIONAL LOCOMOTIVE OUT OF SERVICE COST _ $ 500.

TOTAL ADDITIONAL COST : $ 1,600.

• Based on information furnished by Burlington Northern, Milwaukee,
Missouri Pacific, Penn Central, Rock Island, Southern, and
Southern Pacific Railroads.
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Environmental ActtAtles SteflGenera3Motors Co_poratiorl

General M0tQra Technical Center

Warren,MLchtgan49090

December5, 1974

Dr. Alvin F. Meyer, Jr.
Deputy AssistantAdministrator

for Noise Control Programs
EnvironmentalProtection Agency
Crystal Mall Building - Room1115
1921JeffersonDavis Highway
Arlington1 Virginla 20460

Dear Dr. Meyer=

In responseto yourrequestfor LocomotiveExhaustMuffler Retrofit-CostStudy,
we are attaching flve (5) copiesof ReportNo. 3.

This representsthe third installmentofa study undertakenby Electro-Motlve
Division to estimatethe cost of englneexhaustsystemhardwareandassociated
locomotivemodification deemednecessaryto meet the EPAproposedstationary
locomotivesoundlevel limit of 87 dBAal 30 metersat any throttle setting.

The thirdreport coversGM (EMD) locomotivemodelsSD40-2, SD40, SD45-2,
and SD45.

Cost StudyReportNo. 3 and a sorlesof similarreportsto be submittedto EPAwill
ultimately cover 14 General Motorsmodal locomotivesrepresentinga total of
14,789 unitsdelivered by EMD, or 63.4% of the 23,307 total GM locomotives
In serviceon Class1 and 2 Railroadsasof January 1, 1974. The figuresstatbd
in thisr+port are nat necessarilyrepresentahveof the amountSthat w'll be sub-
mitted for other locomotive modelsInsubsequentreports.

If you have any questionsregardingthisreport+pleasedo nothedtate to contact
me+

Sincerely )'_rs, .

•: ++'+;_'+_+ • "" ..

•E* G. Ratarlng, Dlrpzge'or
vehicular Noise"C-o_rol

jr

Attachments(S).

.E-52:
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GENERAL MOTORS CORPORATION
LOCOMOTIVE EXHAUST MUPFLERRETROFIT

COST STUDY REPORT NO. 3

LOCOMOTIVE MODELS SD40-2_ SD40, SD4S-2, and SD45

This study is undertaken by General Motors in response to a request

by the Environmental Protection Agency (EPA). Its purpose is to provide

Cost information that would aid the EPA in evaluating the expense to the

railroads of retrofitting in-service locomotives with certain exhaust

muffler hardware. This hardware would permit the locomotive to meet the

EPA proposed stationary locomotive sound level limit of 87 db(A) at any

rottle setting measured at 30 meters.

During a meeting at the Electro-Motive Division (EMD) of GM on September

26, 1974, EMD advised EPA representatives that it would undertake a

"paper study" of the nature described above.

EMD also stated that this retrofit work was not being solicited by General

Motors and that EMD locomotive manufacturing facilities were not sufficient

tO undertake this retrofit work, primarily due to the voiumeof new locomo-

tlve production. This work would presumably be done by the railroads

themselves or by others pursuant to contracts with railroads.

This study does not purport to determine the cost for retrofit noise control

treatment necessary to achieve compliance with the EPA proposed locomotive

noiae otandard of 67 db(A) at 30 meters under'stationary idle conditions.

The EMD study was confined to the locomotive configurations as delivered by

th_ to the railroads. If there has been subsequent modification, alteration,
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addition, accident, damage, etc., to a speolfic locomotive which might

affect the time and/or materials necessary to retrofit that locomotive,

the estlmate for that locomotive would have to be adjusted accordingly.

.The figures established cover only the effort required to apply the

engine exhaust system hardware modifications. They do not include any

allowances for the repair of, or added costs resulting from defects,

accident damage, etc. which may have to be repaired before retrofit

can be accomplished, e.g., there is no provision for radiator repair.

Cleaning and painting are confined to only those areas involved in the

retrofit modifications.

The estimated retrofit major new hardware would be developed and sold

by EMD at EMD Parts Department prices. The mi6cellaneous hardware are

items purchased by EMD from oth_rs. The amounts shown for these two

classifications of hardware and for EME labor are based on h_3_, current

costs at EMD as of October 1974. Nose of the amounts contain any pro-

vision for future economics, and significant adjustments may be necessary

due to inflation and other considerations. The amounts were established

on preliminary design information and sketches for engine emhamst system

hardware retrofit requirements.

Labor costs and miscellaneous new hardware do not includeprofit on the

amount shown, whereas, any oontraotor that performed retrofit labor ser-

vices for the railroads would Inmlude a mark-up on this labor and on

purchased materials. These figures are also predicated on the assumption

that sufficient tooling, familltims, and raw matarlals are available to

manufaoture the required partss rebuild the engine turboehsrgers, alter
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the locomotive carbodles and'perform other operations necessary to

retrofit the locomotives and that this could all be done under normal

production conditions.

.Production llne balancing (the utilization of labor in the most equitable

and efficient manner), an important consideration at EMD, is not included

in this study. It should be emphasized that the necessary too_ing and

facilities, and floor space required to retrofit locomotives, manufacture

additional quantities of certain piec_ parts, and rebuild of increased

volume of turboohazgers do not exist at this time at EMD. Any estimat_

Of th_ cost of the requisite tooling and facilities could only be de-

termlned after retrofit cycle times and a schedule by locomotive model

type are established. Once this information is obtained, the amounts

stated herein would have to be modified to include such additional

tooling and facilities costs since the amounts presented do not contain

allowance for this significant area of cost. ..

The stated costs for labor are based upon the labor costs, including

burden, presently existing at EMD's LaGranqe, Illinois, plant and are

not necessarily representative of such costs at railroad maintenance

installations or at other sources where retrofit work might be done

for the railroads. Furthermore, other sources may have different Job

codes, shift allowances, etc., applicable to their labor force. There-

fore, the labor costs at such other sources would, of necessity, reflect

other labor-related differences.

This study report No. 3 is the third in e series of several reports which

will be submitted to the EPA to cover ultimately 14 General Motors model

locomotives representing a total of 14,789 units delivered by EMD, or

63.4 percent of the 23,307 total GM locomotives in Service on Class 1
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Paqe

and 2 Railroads as of Januar_ 1, 1974. The figures stated in this

third report are not necessarily representative of the amounts that

will be estimated for other locomotive models in subsequent reports.
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GENERAL MOTORS LOCOMOTIVE _IODEL : SD45-2 (Turbonharged, 3,600 EP)

LOCOMOTIVE MODEL PRODUCTION DATES : January, 1972 to present

NO. OF LOCOMOTIVES PRODUCED AS OF

JANUARY, 1974 : 260

PERCENTAGE OF TOTAL GM LOCOMOTIVES

IN FIELD SERVICE AS OF JANUARY, 1974 : 1.1%

PERCENTAGE OF TOTAL LOCOMOTIVES IN

FIELD SERVICE AS OF JANUARY, 1974 : 0.9%

MAJOR FEATURES AFFECTING AVAILABLE PERCENTAGE OF TOTAL

EXIIAUST MUFFLER SPACE MODEL PRODUCTION

A. Standard Conflgurahlon 0%

(No Dynamic Brakes)

B. Standard Dynamic Brakes (Optional) 5.0% *

C. Extended Range Dynamic Brakes (Optional)

I. Welded on hatch 46°5%

2. Bolted on hatch 48.5%

* Not conslderod in ntudy due to low populstlon in fleld.
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VERBAL DESCRIPTION OF MUFFLER SYSTEM, INCLUDINGSPARK ARRESTING
WHERE NECESSARY, TAKING INTO ACCOUNT OPTIONALFEATURES:

A reactive-type exhaust muffler is installed directly on the

turbocharger exhaust outlet duct. The muffler is of straight-

through design .to minimize.bac_pressure imposed on the engine.

The weight of the muffler is supported solely by the turbocharger

and, as a result, a special reinforced turbocharger exhaust duct

is required. Any electrical cabling must'be shielded from the

exhaust muffler heat radiation.

The turbocharger is considered an inherently effective spark

attester and thereby the turbocharged engine requires no ad-

ditional provision for spark arrestance hardware.
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C,1 SDqS-2[OCOMOTIVEEQUIPPED WITH EXTENDEDRANGE DYNAMIC BRAKES
(WELDEDON HATCH)

DESCRIPTION OF LOCOMOTIVE MODIFICATIONS NECESSARY TO ACCOMMODATE
RETROFIT EXIIAUST SYSTEM:

i. TURBOCHARGER

The turbocharger must be removed from engine,
disassembled, inspected, and a new reinforced
exhaust duet applied. The turbocharger is then
tested and reapplied to the engine.

2. EXTENDED RANGE DYNAMIC BRAKE HATCH STRUCTURE

The extended range dynamic brake hatch must be
removed from the locomotive by burning off the
welds holdingthe hatch to the earbody. The hatch
structure must be modified to shift the hatch assembly
21 inches toward the rear of the locemotSve. The
turbocharger removal opening must be enlarged to ac-
commodate the muffler. Insulated panels must be

• installed to protect dynamic brake cabling in the
vicinity of the exhaust muffler. Dynami c brake
cabling, conduit, and control wires, lengthened
21 inches over the original, must be applied. The
extended range dynamic brake hatch is then reapplied

to the locomotive and cabling and control wires are
reconnected.

3. MUFFLER

An exhaust muffler is installed on the new turbocharger
exhaust duct.

4.. TURBOCHARGERREMOVALHATCH COVER

A new, larger hatch cover must he applied above the
exhaust muffler to cover the enlarged turbocherger
removal opening in the dynamic brake hatch.

5. OIL SEPARATOR EJECTOR

An ejector must be added to the oil separator to

overcome the additional baekpressura created by the
exhaust muffler.
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&

C,I SD45=2LOCOMOTIVEEQUIPPEDWITH EXTENDEDRANGEDYNAMICBRAKES
(WELDEDOrlHATCH)

LISTING OF bL_JOR NEW HARDWARE TO BE APPLIED:

i. Turbocharger disassembly, inspection, machining,
and application of new, reinforced exhaust duct.

2. Exhaust muffler.

3. Turbocharger removal hatch cover.

4. Oil separator ejector.

LISTING OF MISCELLANEOUS NEW HARDWARE REQUIRED:

1. Steel structure shapes used to enlarge turbocharger
removal opening.

2. Insulated panel heat shields.

3. Steel structural shapes and sheet used to relocate
dynamic brake hatch structure 21 inches rearward
on locomotive,

4. Dynamic brake cables, conduit, and control wires.

TOTAL PRICE OF MAJOR NEW HARDWARE REQUIRED ; $ 6_800.

TOTAL COST OF MISCELLANEOUS NEW HARDWARE REQUIRED : $ 600.

TOTAL COST OF LABOR TO MAKE MODIFICATION : $ 13,500.

TOTAL EXHAUST MUFFLER RETROFIT COST : $ 20,900.

LOCOMOTIVE OUT OF SERVICE PLANT CYCLE TIME : 1O days

LOCOMOTIVE OUT O_ SERVICE TRANSIT TIME : 4 days

LOCOMOTIVE OUT O_ SERVICE COST/DAY * : $ 500.

TOTAL LOCOMOTIVE OUT OF SERVICE COST _ $ 7,000.

TOTAL COST : $ 27,900.

• Dash on information furnished by Burlington Northern, Milwaukee,
MiSsouri Pacific, Penn Central, Rock Island, Southern, and Southernl
Esc£f_s Rail_oads.
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C,2 SD45-2 LOCOMOTIVE EQUIPPEDWITH EXTENDEDRANGE DYNAMIC BRAKES
(BOLTEDON HATCH)

DESCRIPTION OF LOCOMOTIVE MODIFICATIONS NECESSARY TO
ACCOMMODATE RETROFIT EXHAUST SYSTEM:

i. TURBOCHARGER

The turbocharger must be removed from engine,
disassembled, inspected, and a new reinforced

exhaust duct applied. The turbocharger is then
tested and reapplied to the engine.

2. EXTENDED RANGE DYNAMIc BRAKE HATCH STRUCTURE

The extended range dynamic brake hatch must be
removed from the locomotive. The hatch structure

must be modified to shift the hatch assembly 21
inches toward the rear of the locomotive. The

turbocharger removal opening must be enlarged to
accommodate the muffler. Insulated panels must
be installed to protect dynamic brake cabling in
the vicinity of the exhaust muffler. Dynamic brake
cabling, conduit, and control wires, lengthened 21
inches over the original, must be applied. The ex-
tended range dynamic brake hatch is then reapplled
to the locomotive and cabling and control wires are
reconnected.

3. MUFFLER

An exhaust muffler is installed on the new turbo-
charger exhaust duct.

4. TURBOCHARGER REMOVAL HATCH COVER

A new, larger hatch mover must be applied above the

exhaust muffler to cover the enlarged turbocharger
removal opening in the dynamic brake hatch.

5. OIL SEPARATOR EJECTOR

An ejector must be added to the oll separator to
overcome the additional baokpressure created by the
exhaust muffler.
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C,2 SD45-2[OCOMOTIVEEOUIPPEDNITH EXTENDED RANGE DYNAMIC BRAKES
(BOLTEDON HATCH)

LISTING OF _JOR NEW HARDWARE TO BE APPLIED:

1. Turbocharger disassembly, inspection, machining,

and application of new, reinforced exhaust duct.

2. Exhaust muffler.

3. Turbocharger removal hatch cover.

4. Oil separator ejector.

LISTING OF MISCELLANEOUS NEW IIARDWARE REQUIRED:

I. Steel structure shapes used to enlarge turbo-
charger removal opening.

2. Insulated panel heat shields.

3. Steel structural shapes and sheet used to relocate
dynamic brake hatch structure 21 inches rearward
on locomotive.

4. Dynamic brake cables, conduit, and control wires.

TOTAL PRICE OF MAJOR NEW HARDWAR_ REQUIRED : $ 6,800.

TOTAL COST OF MISCELLANEOUS NEW HARDWARE REQUIRED : $ 600.

TOTAL COST OF LABOR TO MAKE MODIFICATION : $ 10,200.

TOTAL RXHAUST MUFFLER RETROFIT COST : $ 17,600.

LOCOMOTIVE OUT OF SERVICE pLANT CYCLE TIME z 8 days

LOCOMOTIVE OUT OF SERVICE TRANSIT TIME : 4 days

LOCOMOTIVE OUT OF SERVICE COST/DAY * z $ 500.

TOTAL LOCOMOTIVE OUT OF SERVICE COST : $ 6,000.

TOTAL COST | $ 23,600.

• Based on information furnished by B_rlington Northern, Milwaukee,
Missouri Pacific, Penn Central, Rock Island, Southern, and Southern
Pacific Railroad.
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.Pagell

GENERAL MOTORS LOCOMOTIVE MODEL : SD45 (Turbocharged, 3,600 EP)

LOCOMOTIVE MODEL PRODUCTION DATES : 1966 - 1971

NO. OP LOCOMOTIVES PRODUCED AS OF
JANUARY, 1974 : 1,267

PERCENTAGE OF TOTAL GM LOCOMOTIVES
IN FIELD SERVICE AS OF JANUARY, 1974 _ 5.4%

PERCENTAGE OF TOTAL LOCOMOTIVES IN

FIELD SEHV_ICE AS OF JANUARY, 1974 : 4.2%

MAJOR FEATURES AFFECTING AVAILABLE PERCENTAGE OF TOTAL
EXHAUST MUFFLER SPACE MODEL PRODUCTION

A. Standard Configuration 4.8%
(NO Dynamic Brakes)

• B. Standard Dynamic Brakes (Optional) 35.3%

C. Extended Range Dynamic Brakes (Optional) 59.9%

I

{
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VERBALDESCRIPTIONOFMUFFLERSYSTEM,INCLUDINGSPARKARRESTING
WHERE NECESSARY, TAKING INTO ACCOUNT OPTIONAL FEATURES:

A reactlve-type exhaust muffler is installed directly on the

turbocharger exhaust outlet duct. The muffler is of straight-

through design to minimize bacJ_pressure imposed on the engine.

The weight of the muffler is suppOrted solely by the turbocharger

and, as a result, a special reinforced turbocharger exhaust duct

is required. Any electrical cabling must be shielded from the

exhaust muffler heat radiation.

The turhoeharger is considered an Inherently effective spark

arrester and thereby the turbocharged engine requires no ad-

ditional provision for spark arreetance hardware.
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A. SD 5LOCOMOTIVE STANDARDCONFIGURATION(NODYNAMiCBRAKES)

DESCRIPTION OF LOCOMOTIVE MODIFICATIONS NECESSARY TO ACCOMMODATE
RETROFIT EXIIAUST SYSTEM:

I. TURBOCRARGER

The turbooharger must be removed from engine,
disassembled, inspected, and a new, reinforced
exhaust duct applied. The turbosharger is then
tested and reapplied to the engine.

2. ENGINE MAINTENANCE }_TCH

The engine maintenance hatch must be _emoved from
locomotive. The turbocharger removal opening in
the hatch must be enlarged to accommodate the ex-
haust muffler. The hatch is then reapplied to the
locomotive.

3. MUFFLER

An exhaust muffler is installed on the new turbo-

charger exhaust duct.

4. TUREOCHARGER REMOVAL HATCH COVER

A new, larger hatch cover must be applied above the
exhaust muffler to cover the enlarged turbocharger
removal opening in the engine maintenance hatch.

5. OIL SEPARATOR EJECTOR

An ejector must be added to the oil separator to
overcome the additional baokpreesure created by
tho Qxhaust muffler.
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A, SD45'[OCOMOT]VE_STANDARDCDNFIGURATION(NODYNAMICBRAKES)*

LISTING OF MAJOR NEW HARDWARE TO RE APPLIED:

i. Turboeharger disassembly, inspection, machining,
and application of new, reinforced exhaust duct.

2. Exhaust muffler.

3. Turboeharger removal hatch cover.

4. Oil separator ejector.

_ISTING O_ MISCELLANEOUS NEW HARDWARE REQUIRED:

i. Steel structural shapes used to enlarge
turboeharger removal opening.

TOTAL PRICE OF MAJOR NEW HARDIqARE REQUIRED : $ 6,800.

TOTAL COST OF MISCELLANEOUS NEW IL_RDWARE_ REQUI_D : $ 300.

TOTAL COST OF LABOR TO MAKE MODIFICATION , : $ 7,100.

TOT2%L EXHAUST MUFFLER RETROPIT COST : $ 14,200.

LOCOMOTIVE OUT OF SERVICE PLANT CYCL_ TIME : 5 days

LOCOMOTIVE OUT OF SERVICE TRANSIT TIME : 4 days

LOCOMOTIVE OUT OF SERVICE COST/DAY ** : $ 500.

TOTAL LOCOMOTIVE OUT OF SERVICE COST. : $ 4,500.

TOTAL COST : $ 18,700.

• Modification considered to be the same for costing as GP40-2
looo_otive - Standard Configuration (no dynamic brakes).

•e Eased on information furnished by Burllngton Northern, Milwaukee,
Missouri Pacific, Penn Central, Rock Island, Southern, and
Southern Pacific Railroads.

i E-66.
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B; SD45LOCOMOTIVE EQUIPPED WITH STANDARD DYNAMICBRAKES

DESCRIPTION OF LOCOMOTIVE MODIFICATIONS NECESSARY TO
ACCOMMODATE RETROFIT EX}_UST SYSTEM:

1. TURBOCHARGER

The turbocharger must be 'removed from engine,
disassembled, inspected, and a new reinforced
exhaust duct applied. The turboeharger is then
tested and reapplied to the engine.

2. DYNA_IIC BRAKE HATCH

The dynamic brake hatch must be removed from the
locomotive. The hatch structure must be modified

to shift the hatch assembly 21 inches toward the
rear of the locomotive. The turbocharger removal
opening must he enlarged to accommodate the mufEler.
Insulated p_nels must be installed to protect dy-
namic brake cabling in the vicinity of the exhaust
muffler. Dynamic brake cabling and conduit, len-
gthened 21 inches over the original, must be applied.
The dynamic brake hatch is then reapplied to the loco-
motive and cabling and control wires are reconnected.

3. MUFFLER

An exhaust muffler is installed on the new turbo-

charger exhaust duct.

4. TURBOCHARGER REMOVAL HATCH COVER

A new, larger hatch cover must be applied above the
exhaust muffler to cover the enlarged turboeharger
removal opening in the dynamic brake hatch.

5. OIL SEPARATOR EJECTOR

An ejector must be added to the oil separator to

_' overoome the additional backpressure created by
tho exhaust muffler. _

r:
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B, SD45"LOCOMOTIVE EQUIPPEDWITH STANDARDDYNAMICBRAKES

LISTING 0FMAJOR NEW HARDWARE TO BE APPLIED:

i. Turbocharger disassembly, inspection, machining,
and application of new, reinforced exhaust duct•

2. Exhaust muffler.

3. Turboeharger removal hatch cover,

4. Oil separator ejector.

LISTING OF MISCELLANEOUS NEW HARDWARE REQUInED:

i. Steel structure shapes used to enlarge turbo-
charger removal opening•

2. Insulated panel heat shields.

3. Steel structural shapes and sheet used to relocate
dynamic brake hatch structure 21 inches rearward
on locomotives.

'4. Dynamicbrake cables,and conduit.

TOTAL PRICE OF MAJOR NEW ]L_RDWARE REQUIRED : $ 6,800.

TOTAL COST OF MISCELLANEOUS NEW HARDWARE REQUIRED : $ 800_

TOTAL COST OF LABOR TO MAKE MODIFICATION : $ 11,900.

TOTAL EXHAUST MUFFLER RETROFIT COST . z $ 19,500

LOCOMOTIVE OUT OF SERVICE PLANT CYCLE TIME : 8 days

LOCOMOTIVE OUT OP SERVICE TRANSIT TIME z 4 days

LOCOMOTIVE OUT 0F SERVICE COST/DAY * I $ 500.

TOTAL LOCOMOTIVE OUT OF SERVICE COST t $ 6,000.

TOTAL COST t $ 25,500.

Based on information furnighsd by Burlington Northern, Milwaukee,
Missouri Pacifio, Penn Central, Rook Island, Southern, and Southszn
p_olflc Railroads.
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C, SD_5LOCOMOTIVEEQUIPPED WITHEXTENDEDRANGE DYNAMIC BRAKES

DESCRIPTION OF LOCOMOTIVE MODIFICATIONS NECESSARY TO
ACCOMMODATE RETROFIT EXHAUST SYSTEM:

1. TURBOCHARGER

The turbocharger must be removed from engine,
disassembled, inspected, and a new reinforced
exhaust duct applied. The turbocharger is then
tested and reapplied to the engine.

2. EXTENDED RANGE DYNAMIC BRAKE HATCH STRUCTURE

The uxtended range dynamic brake hatch mush bQ
removed from the locomotive. The hatch structure

must be modified to shift the hatch assembly 21
inches toward the rear of the locomotive. The

turbocharger removal opening must be enlarged to
accommodate the muffler. Insulated panels must be
installed to protect dynamic brake cabling in the
vicinity of the exhaust muffler. Dynamic braise
cabling, conduit, and control wires, lengthened
21 inches over the original, must be applied.
The extended range dynamic brake hatch is then
rcapplied to the locomotive and cabling and control
wires are reconnected.

3. MUFFLER

An exhaust muffler is installed on the new turbo-

charger exhaust duct.

4. TUREOCHARGER REMOVAL HATCH COVER

A new, larger hatch cover must be applied above the

exhaust muffler to cover the enlarged turbocharger
removal opening in the dynamic brake hatch.

5. OIL SEPARATOR EJECTOR

A_ ejector must be added to the oil separator to

overcome the additional bsckprassure created by
the exhaust muffler.
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C, SD45LOCOMOTIVEEQUIPPEDIVITHEXTENDEDRANGE DYNAI_ICBRAKES

LISTING OF MJXJOR NEW HARDWARE TO BE APPLIED:

1. Turbocharger disassembly, inspection, machining,
and application of new, reinforced exhaust duct.

2. Exhaust muffler.

• 3. _h/rbocharger removal hatch cover.

4. Oil separator ejector.

LISTING OF MISCELLANEOUS NEW HARDWARE REQUIRED:

i. Steel structure shapes used to enlarge turbo-

charger removal opening.

2. Insulated panel heat shields.

3. Steel structural shapes and sheet used to relocate
dynamic brake hatch structure 21 inches rearward
on locomotlve.

4. Dynamic brake cables, conduit, and control wires.

TOTAL PRICE OF 5_JOR N_q HARDWARE REQUIRED : $ 6,800.

TOTAL COST OF MISCELLANEOUS NEW HARDWARE REQUIRED = $ 900.

TOTAL COST OF LABOR TO MAKE MODIFICATION : $ 11,400.

TOTAL EXHAUST MUFFLER RETROFIT COST : $ 19,200.

lOCOMOTIVE OUT OF SERVICE PLANT CYCLE TIME : 8 days

lOCOMOTIVE OUT OF SERVICE TRANSIT TIME _ 4 days

10COMOTIVE OUT OF SERVICE COST/DAY * z $ 500.

TOT/KL LOCOMOTIVE OUT OP SERVICE COST z $ 6,000.

TOTAL COST z $ 25,200.

• Based on information furnished by Burlington Northern, Milwaukee,
Missouri Pacific, Penn Central, Rook Island, Southern, and
Southern Pacific Railroads.
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GENERAD MOTORS LOCOMOTIVE MODEL : SD40-2 (Turbocharged, 3,000 HP)

LOCOMOTIVE MODEL PRODUCTION DATES : January, 1972 to present

NO. OF LOCOMOTIVES PRODUCED AS OF

JANUARY, 1974 : 427

PERCENTAGE OF TOTAL GM LOCOMOTIVES

IN FIELD SERVICE AS OF JANUARY, 1974 : 1.8%

PERCENTAGE OF TOTAL LOCOMOTIVES IN

FIELD SERVICE AS OF JANUARY, 1974 : 1.4%

MAJOR FEATURES AFFECTING AVAILABLE PERCENTAGE OF TOTAL
EXHAUST MUFFLER SPACE _MODEL PRODUCTION

A. Standard Configuration 19.1%
(No Dynamic Brakes)

B. Standard Dynamic Brakes (Optional) 38.0%

C. Extended Range Dynamic Brakes (Optional) 42.9%

!"
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SD40L:2_'L(jZ:(jMO;FiVE

VERBAL DESCRIPTION OF MUFFLER SYSTEM, INCLUDINGSPARK ARRESTING
WHERE NECESSARY, TAKING INTO ACCOUNT OPTIONAL FEATURES:

A reactive-type exhaust muffler is installed directly on the

turbocharger exhaust outlet duct. The muffler is of straight-

through design to minimize baekpressure imposed onthe engine.

The wsight of the muffler is Supported solely by the turbocharger

and, as a result, s special reinforced turbocharger exhaust duct

is required. Any electrical cabling must' be shielded from the

exhaust Muffler heat radiation.

The turbocharger is considered an inherently effective spark at-

rester and thereby the turhocharged enginQ requires no additional

provision for spark arrestance hardware.
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A, SD40-2'LOCOMOTIVE, STANDARDCONFIGURATION(NODYNAMICDRAKES)

DESCRIPTION OF LOCOMOTIVE MODIFICATIONS NECESSARY TO ACCOMMODATE
RETROFIT EXHAUST SYSTEM:

1 • TURBOCHARGER

The turbocharger must be removed from engine,
disassembled, inspected, and a new, reinforced
exhaust duct applied. The turbocharger is" then
tested and reapplied to the engine.

2. ENGINE MAINTENANCE IIATCN

The engine maintenance hatch must be removed from
locomotive. The turbocharger removal opening in
the hatch must be enlarged to accommodate the ex-
haust muffler. The hatch is then reapplied to the
locomotive.

3. MUFFLER

An exhaust muffler is installed on the new turbo-

charger exhaust duct.

4. TURBOCMARGER REMOVAL HATCH COVER

A new, larger hatch cover must he applied above the
exhaust muffler to cover the enlarged turboohargsr
removal opening in the engine maintenance hatch.

5. OIL SEPARATOR EJECTOR

An ejector must be added to the ell separator to
overcome the additional baokpressure created by
the exhnust muffler.

i
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A, SDqO-2LOCOMOTIVE-STANDARDCONFIGURATION(NODYNAMICBRAKES)*

LISTING OF MAJOR NEW I_ED_qARE TO BE APPLIED:

1. Turbccharger disassembly, inspection_ machining,
and application Of new, reinforced exhaust duet.

2. Exhaust muffler.

3'. Turbocharger removal hatch cover.

4. Oil separator ejector.

LISTING OF MISCELLANEOUS NEW IIARDWARE REQUIRED:

i. Steel structural shapes used to enlarg e
turbochargcr removal opening.

TOTAL PRICE OF MAJOR NEI_ I_RD_qARE REQUIRED = $ 6,800.

TOTAL COST OF MISCELLANEOUS NEW I£ARDWAREREQUIRED : $ 300.

TO_AL COST OF LABOR TO MAKE MODIFICATION : $ 7,100°

TOTAL EXHAUST MUFFLER _LETROFIT COST _ $ 14,200.

LOCOMOTIVE OUT OF SERVICE PLANT CYCLE TIME : 5 days

LOCOMOTIVE OUT OF SERVICE TRANSIT TIME : 4 days

LOCOMOTIVE OUT OF SERVICE COST/DAY ** : $ 500.

TOTAL LOCOMOTIVE OUT OF SERVICE COST : $ 4,500.

TOTAL COST = $ 18,700.
i

1 * Modification considered to be the same for costing as GP40-2
i locomotive - Standard Configuration Cue dynamic brakes).

•* Based on infsrmatlon furnished by Burlington Northern, Milwaukee,
I Misssurl Pacific, Penn Central, Rook Island, Southern, and
; Southern Pacific Railroads.

J

[
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B, SD40:2LOCOMOTIVEEQUIPPEDWITHSTANDARD'DYNAMICBRAKES

DESCRIPTION OF LOCOMOTIVE MODIFICATIONS NECESSARY TO
ACCOMMODATE RETROFIT EXHAUST SYSTEM:

i. THRBOCHARGERS

The turbocharger must be removed from engine,
disassembled, inspected, and a new reinforced
exhaust duct applied. The turbscharger is then
tested and reapplied to the engine.

2. DYNASTIC BRAKE HATCH

The dynamic brake hatch must be removed from the
locomotive. The hatch structure must be modified

to shift the hatch assembly nine inches toward the
rear of the locomotive. The turbecharger removal
opening must be enlarged to acdsmmodate the muffler.
Insulated panels must be installed to protect dynamic
brake cabling inthe vicinity of the exhaust muffler.
Dynamic brake cabling and conduit, lengthened nine
inches ever the original, must be applied. The
dynamic brake hatch is then reapplied to the loco-
motive and cabling is reconnected.

3. MUFFLER

An exhaust muffler is installed on the new turbo-

charger exhaust duct.

4. TUHBOCHARGER REMOVAL HATCH COVER

A new,larger hatch cover must be applied above the

exhaust muffler to cover the enlarged turboeharger
removal opening in the dynamic brake hatch.

5. OI D SEPARATOR EJECTOR

An ejector must be added to the oil separator to
overcome the additional baokpressura created by
_ho oxhsust muffler.

75.
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B,' SD40:2LOCOMOTIVEEQUIPPED WITHSTAF_DARD DYNAMIC BRAKES

LISTING OF MAJOR NEW HARDWARE TO BE APPLIED:

1. Turbocharger disassembly, inspection, machining,
and applicatlon of new, reinforced exhaust duct.

2. Exhaust muffler.

3. Turbocharger removal hatch cover.

4. Oil separator ejector.

LISTING OF MISCELLANEOUS NEW _{ARDWARE REQUIRED:

i. Steel structure shapes used to enlarge turbo-

charger removal opening.

2. Insulated panel heat shields.

3. Steel structural shapes and sheet used to relocate

dynamic brake hatch structure nine inches rearward
on locomotive.

4. Dynamic brake cables and conduit.

TOTAL PRICE OF MAJOR NEW NARDIgARE REQUIRED : $ 6,800.

TOTAL COST OF MISCELLANEOUS NEW HARDNARE REQUIRED : $ 600.

TOTAL COST OF LABOR TO MAKE MODIFICATION : $ 10,900. i
i

TOTAL EXHAUST MUFFLER RETROFIT COST : $ 18,300. i

LOCOMOTIVE OUT OF SERVICE pLANT CYCLE TIME : 8 days

LOCOMOTIVE OUT OF SERVICE TRANSIT TIME = 4 days

r
LOCOMOTIVE OUT OF SERVICE COST/DAY * : $ 500. L

f
TOTAL LOCOMOTIVE OUT OF SERVICE COST _ . $ 6,080_

TOTAL COST : $ 24,300. !

• Bo_e_ on information furnished by Burlington Northern, Milwaukee,

MiBsouriPaciflc, Penn Central, Rock Island, Southern, and
Southern Pacific Railroads. !

i
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C','.SD40=2LOCOMOTIVEEQUIPPEDWITHEXTENDEDRANGE_DYNAMICBRAKES

DESCRIPTION OF LOCOMOTIVE MODIFICATIONS NECESSARY TO
ACCOMMODATE RETROFIT EXI_UST SYSTEM:

i. TURBOCHARGER

The turbocharger must be removed from engine,
disassembled, inspected, and a new reinforced
exhaust duct applied. The turbocharger ks then
tested and reapplied to the engine.

2. EXTENDED RANGE DYNAMIC BRAKE NATCE STRUCTURE

Ths extended range dynamic brake hatch must be
removed from the locomotive. The hatch structure

must be modified to shift the hatch assembly 12
inches toward the rear of the locomotive, The

turboeharger removal opening must be enlarged to
accommodate the m_Iffler. Insulated panels must
be installed to prelect dynamic brake cabling in
the vicinity of the exhaust muffler. Dynamic
brake cabling, conduit, and control wires, len-
gthened 12 inches over the original, must be
applied. The extended range dynamic brake hatch
is then reapplled to the locomotive and cabling

i and control wires are reconnected.

3. MUPPLER

An exhaust muffler is installed on the new turbo-

charger exhaust duct.

4. TURBOCHARGER REMOVAL .HATCH COVER

A new, larger hatch cover must be applied above the
exhaust muffler to cover the enlarged turboeharger
removal opening in the dynamic brake hatch.

5. OIL SEPARATOR EJECTOR

An ejector must be added to the ell separator to
overcome the additional baekpresaure ereated by
the exhaust muffler.
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C,' SD_O-2LOCOMOT[VEEQUIPPEDI_UHEXTENDEDRANGEDYNAMICBRAKES

L_STING OF M_JORNEW_ARDWARE TO BE APP_ZED:

i. Turbocharger disassembly, inspection t machining,

and application of.new, reinforced exhaust duet.

2. Exhaust muffler.

3. Turboeharger removal hatch cover.

4. 0il separator ejector.

LISTING OF MISCELLANEOUS NEW HARDWARE REQUIRED:

i. Steel structure shapes used to enlarge turbo-
charger removal opening.

2. Insulated panel heat shlolds.

3. Steel structural shapes and sheet used to relocate
dynamic brake hatch structure 12 inches rearward
on locomotive.

4. Dynamic brake cables, conduit, and control wires.

TOT_LPRICE OF MAJOR N_ARDWARE REQUIRED " $ 6,800.

TOTAL COST OF MISCELLANEOUS NEl_ HARDWARE REQUIRED : $ 500.

TOTAL COST OF LABOR TO MAKE MODIFICATION : $ Ii_400.

TOTAL EXNAUST MUFFLER RETROFIT COST : $ 18,700.

LOCOMOTIVE OUT OF SERVICE PLANT CYCLE TIME : 9 days

LOCOMOTIVE OUT OF SERVICE TRANSIT TIME : 4 days

LOCOMOTI_ OUT OF SERVICE COST/DAY * : $ 500.

TOT_LLOCOMOTIVE OUT OF SERVICE COST _ $ 6,500.

TOTAL COST : $ 25,200.

• Baoed on information furnished by Burlington Northern, Milwaukee,
Miusouri Pacific, Penn Central, Rock Island, Southern, and
Southern Pacific Railroads.
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GENERAL MOTORS LOCOMOTIVE MODEL : SD40 (Turbccharged r 3,000 HP)

LOCOMOTIVE MODEL PRODUCTION DATES : 1966 - 1971

NO. OF LOCOMOTIVES PRODUCED AS OF

JANUARY, 1974 :. 877

PERCENTAGE OF TOTAL GM LOCOMOTIVES

IN FIELD SERVICE AS OF JANUARY, 1974 : 3.8%

PERCENTAGE OF TOTAL LOCOMOTIVES IN
FIELD SERVICE AS OF JANUARy, 1974 : 2.9%

MAJOR FEATURES AFFECTING AVAILABLE PERCENTAGE OF TOTAL
EXHAUST MOFFLER SPACE .... MODEL PRODUCTION

A. Standard Configuration 10.2%
(No Dynamic Brakes)

B. Standard Dynamic Brakes (Optional) 23.5%

C. Extended Range Dynamic Brakes (Optional) 66.3%_

D. Winterization (Optional) 1.1% *

• Not considered in th/s study due to low population in fleld.

E-79

!



Cost Study Report No. 3
page 28

SD4oLOcOMOTiVE

VERBALDESCRIPTIONOFMUFFLERSYSTEM,'INCLUDINGSPARKARRESTING
WHERENECESSARY,TAKINGINTOACCOUNTOPTIONALFEATURES:

A reactive-type exhaust muffler is installed directly on the

turbocharger exhaust outlet duct. The muffler is of straight-

through design to minimize baokpressurc imposed on the englne_

The weight of the muffler is supported solely'by the turbocharger

and, as a result, a special reinforced turbocharger exhaust duct

is required. Any electrical cabling must be shielded from the

exhaust muffler heat radiation.

The turbocharger is considered an inherently effective spark

arrester and thereby the turbochargad engine requires no ad-

ditional provision for spark arrestance hardware.
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A, SDqOLOCOMOTIVE=STANDARDCONFIGURATION(NODYNAMICBRAKES)

DESCRIPTION OF LOCOMOTIVE MODIFICATIONS NECESSARY TO ACCOMMODATE I
RETROFIT EXHAUST SYSTEM:

1. TURBOCIIARGER

The turbochargor must be removed from engine,
disassembled, inspected, and a new, reinforced
exhaust duct applied. The turbocharger is then
tested and reapplied to the engine.

2. ENGINE _INTENANCE HATCH

The engine maintenance hatch must he removed from
locomotive. The turbocharger removal opening in
the hatch must be enlarged to accommodate the ex-
haust muffler. The hatch is then reapplied to the
locomotive.

3. MUFFLER

An exhaust muffler is installed on the new turbo-
charger exhaust duct.

4. TURBOCEARGER REMOVAL HATCH COVER

A new, larger hatch cover must be applied above the
exhaust muffler to cover the enlarged tarbocharger
removal opening in the engine maintenance hatch.

5. OI_ SEPARATOR EJECTOR

An ejector must be added to the oil separator to
overcome the additional backpreesure created by
the exhaust muffler.
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A, SD4OLOCOMOTIVE_ STANDARDCONFIGURATION(NODYNAMICBRAKES)*

LISTING OF MAJOR NEW _L%RDWARE TO BE APPLIED:

i. Turbocharger disassembly, inspection, machining,
and application of new, reinforced exhaust duet.

2. Exhaust muffler.

3. Turbocharger removal hatch cover.

4. Oil separator ejector.

LISTING OF MISCELLANEOUS N_7 }_RDWARE REQUIRED:

i. Steel structural Shapes used to enlarge

turbocharger removal opening.

TOTAL PRICE OF MAJOR NEW HARD_AP_E REQUIRED : $ 6,800.

TOTAL COST OF MISCELLANEOUS MEW HARDWARE REQUIP_ED : $ 300.

TOTAL COST OF I/%BOR TO MAKE MODIFICATION : $ 7,100.

TOTAL EXHAUST MUFFLER RETROFIT COST : $ 14,200.

LOCOMOTIVE OUT OF SERVICE PLANT CYCLE TIME : 5 days

LOCOMOTIVE OUT OF SERVICE TRANSIT TIME : 4 days

LOCOMOTIVE OUT OF SERVICE COST/DAY ** : $ 500.

TOTAL LOCOMOTIVE OUT OF SERVICE COST : $ 4,500.

TOTAL COST = $ 18,700.

t Modification considered to be the name .for costing as 0P40-2
locomotive - Standard Configuration (No Dynamic Brakes).

•* Based on information furnished" by Burlington Northern, Milwaukee,
Missouri Pacific, Penn Central, Rock Island, Southern, and
Southurn Pae_£1c Railroada.
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B, SD_OLOCOMOTIVEEQUIPPED WITHSTANDARD DYNAMIC BRAKES

DESCRIPTION OF LOCOMOTIVE MODIFICATIONS NECESSARY TO
ACCOM_4ODATE RETROFIT EX}_UST SYSTEM:

i. TURBOCHARGER

The turbocharger must be removed from engine,
disassembled, inspected, and a new reinforced

exhaust duet applied. The turbocharger is then
tested and reapplied to the engine.

2. DYNAMIC BRAKE IIATCE

The dynamic brake hatch must be removed from the
locomotive. The batch structure must be modified
to shift the hatch assembly nine inches toward the

rear of the locomotive. The turboeharger removal
opening musL be enlarged to accommodate the muffler.
Insulated panels must be installed to protect dy-
namic brake cabling in the vicinity of the e_haust
muffler. Dynamic brake cabling and conduit, len-
gthened nine inches over the original,must be applied.
The dynamic brake hatch is then reapplisd to the loco-
motive and cabling is reconnected.

3. MUFFLER

An exhaust muffler is installed on the new turbo-
charger exhaust duct.

4. TURBOCI_RGER REMOVAL HATCH COVER

A new, larger hatch cover must be applied above the
exhaust muffler to cover the enlarged turboeharger
removal opening in the dynamic brake hatoh.

5. OI_ SEPARATOR EJECTOR

An ejector must be added to the oil separator to
overcome the additional backpressura created by
the exhaust muffler.
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B,' SD40 [OCOMOTIVEEQUIPPED WITHSTANDARDDYNAMIC BRAKES

'LISTING OF MAJOR NEW EARDWARE TO BE APPLIED:

i. Turbocharger disassembly, inspection, machining,
and application of new, reinforced exhaust duct.

2. Exhaust muffler.

3. Turbocharger removal hatch cover.

4. Oil separator ejector.

_LISTING OF MISCELLANEOUS NEW IIARDWARE REQUIRED:

i. Steel structure shapes used to enlarge turbo-
charger removal opening.

2. Insulated panel heat shields.

3. Steel structural shapes and sheet used to relocate
dynamic brake hatch structure nine inches rearward
on locomotive.

4. Dynamic brake cables and conduit.

TOTAL PRICE OF MAJOR NEW HARDWARE REQUIRED : $ 6,800.

TOTALCOST OF MISCELLANEOUS NEW I_RDWARE REQUIRED : $ 900.

TOTAL COST OF LABOR TO MAKE MODIFICATION : $ 12,500.

TOTAL EXHAUSTMUFPLER RETROFIT COST : $ 20,200.

LOCOMOTIVE OUT OF SERVICE PLANT CYCLE TIME : 8 days

LOCOMOTIVE OUT OF SERVICE TRANSIT TIME : 4 days

LOCOMOTIVE OUT OP SERVICE COST/DAY * : $ 500.

TOTAL LOCOMOTIVE OUT OF SERVICE COST : $ 6,000.

TOTAL COST : $ 26,200.

• Based on information furnished by Burlington Northern, Milwaukee,
Missouri Paoifle, Penn Central, Rook Island, Southern, and Southern
P&nifio Railroads.
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,C,' SDIiOLOCOMOTIVEEQUIPPEDWITHEXTENDED'RANGEDYNAMICBRAKES

DESCRIPTION OF LOCOMOTIVE MODIFICATIONS NECESSARY TO

ACCOMMODATE RETROFIT EXHAUST SYSTEM:

1 • TURBOCI{ARGER

The turbocharger must be removed from engine,
disassembled, inspected, and a new reinforced

exhaust duct applied. The turboeharger is then

tasted and reapplied to the engine.

2. EXTENDED RANGE DYN_._.IC BRAKE HATCII STRUCTURE

The extended range dynamic brake hatch must be
removed from the locomotive_ Tile hatch structure

must be modified to shift the hatch assembly nine
inches toward the rear of the locomotive. The

turbecharger removal opening must be enlarged to
accommodate the muffler. Insulated panels must be
installed to protect dynamic brake cabling in the
vicinity of the exhaust muffler. Dynamic brake
cabling, conduit, and control wires, lengthened
nine inches over the original, must be applied.
The extended range dynamic brake hatch is then
reapplied to the locomotive and cabling and control
wires are reconnected.

3. MUFFLER

An exhaust muffler is installed on the new turbo-
charger exhaust duct.

4. TURBOCHARGER REMOVAL HATCH COVER

A sew, larger hntoh cover must he applied above the
exhaust muffler to cover the enlirged turboeharger
removal opening in the d_amic brake hatch.

_; S. OIL SEPARATOR EJECTOR

_: An ejector must be added to the oil separator to
overcome the additional baokpraseure created by
the exhaust muffler.
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C, SD40LOCOMOTIVE EQUIPPED WITHEXTENDEDRANGE DYNAMIC BRAKES

LISTING OF MAJOR NEW HARDWARE TO,BE APPLIED:

i. Turbocharger disassembly, inspection, machining,

and application of new, reinforced exhaust duct.

2. Exhaust muffler.

3. Turbecharger removal hatch cover.

4. Oil separator ejector.

LISTING OF MISCELLANEOUS NEW HARDWARE REQUIRED:

i. Steel structure shapes used to enlarge turbo-
charger removal openlng.

2. Insulated panel heat shields.

3. Steel structural shapes and sheet used to relocate
dynamic brake hatch structure nine inches rearward
on locomotive°

4. Dynamic brake cables, conduit, and control wires.

TOTAL PRICE OF MAJOR NEW HARDWARE REQUIRED : $ 6,800.

TOTAL COST OF MISCELLANEOUS NEW HARDWARE REQUIRED : $ 90D.

TOTAL COST OF LABOR TO MAKE MODIFICATION : $ 13,300.

TOTAL EEHAUST MUFFLER RETROFIT COST : $ 21,000.

LOCOMOTIVE OUT OF SERVICE pLANT CYCLE TIME : 8 days

LOCOMOTIVE OUT OF SERVICE TRANSIT TIME z 4 days

LOCOMOTIVE OUT OF SERVICE COST/DAY * : $ 500.

TOT/_L LOCOMOTIVE OUT OF SERVICE COST _ $ 6,000.

TOTAL COST : $ 27,000.

Based on information furnished by Burlington Northern, Milwaukee
Missouri Paelfle, Penn Central, Reek Island, Southern, and
Southern Pacific Railroads.
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USG 350-74-18

En_mnment_l_¢tMtlesStaff
G_neralMotorsCorpotQtiorl
Ge_mlMotetsTechnicalCenter

Warr_n,Mictligan48090

December 11, 1974

Dr. Alvin F. Meyer, Jr.
Deputy Assistant Administrator

for Noise Control Programs
EnvironmentalProteotlonAgency
Crystal Moll Building - Room1115
1921Jefferson DavisHighway
Arlington, Virginia 20460

Dear Dr. Meyer:

In responseto your requestfor LocomotiveExhaustMuffler Retroflt-Cost Study,
we are attachTng five (5) copiesof ReportNo. 4. Alsoattached is one (1) copy
of General Motors Corporation LocomotiveExhaustMuffler.Retroflt Application
Illustrations.

This representsthefourthand final lmtallment of a studyundertakenby Electro-
Motive Division to estimate the ac_tof engine exhaustsystemhardware and associated
locomotive modification deemednooouary to moot the EPAproposedstationary
locomotivesound level limit of 87 dBA at 30 motors at any throttPesetting.

The fourth report coversGM (EMD) I_am0tlve models GP30, GP35, and SD35.

Cost StudyReportNo. 4 and a carlosof similar reports submittedto EPA cover 14
General Motors model locomotives ropres=nting a total of 14_789 units delivered
by EMD, or 63.4% of the 23, 307 total GM locomotives in service on Class I and 2
Railroadsas of January I_ 1974. The figures stated n thls f nal report are not
nocas_rlly representativeof the amounts that have boonsubmittedfor other locomotive
modelsin previous ropom.

If you have any questionsregarding this reports pleo_ do not hesitate to contact me,

Sl_l_yours, .

Ir
Attachments (6)
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GENERAL MOTORS CORPORATION
LOCOMOTIVE EXHAUST MUFFLER RETROFIT

COST STUDY REPORT NO. 4

LOCOMOTIVE MODELS GP30, GP35, and SD35

This study is undertaken by General Motors in response to a request by

the Envlrohmental Protection Agency (EPA) to provide cost information that

would aid the EPA in evaluating the expens_ to the railroads of retrofitting

in-servlce locomotives with exhaust muffler hardware. This hardware would

permit the locomotive to meet the EPA proposed stationary locomotive sound

level limit of 87 dB (A) at any throttle setting measured at 30 meters.

During a meeting at the Electro-Motlve Division (EMD) of GM on September 26,

1974, EMD advised EPA representativos that it would undertake a "paper study"

of the nature described above.

EMD also stated that this retrofit work was not being solicited by General

Motors and that EMD locomotive manufacturing facilities •were not sufficient

to undertake this retrofit work, primarily due to the volume of new locomo-

tive production. This work would presumably he done by the railroads them-

Belves or by others pursuant to contracts with railroads.

NO attempt has been made to determine the cost for retrofit noise control

• trnat_ent necessary to achieve compliance with the EPA proposed locomotive

noi_e standard of 67 dB(A) at 30 meters under stationary idle conditions.

This study was confined to the locomotive configurations as delivered to

the railroad, by EMD. If there has been subsequent modification, alteration,

t :
J

;
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addition, accident, damage, etc., to a specifio l_co_otive which might

affect the time and/or materials necessary to retrofit that locomotive,

the estimate for that locomotive would have to be adjusted accordingly.

The figures established cover only the effort required to apply the

engine exhaust system hardware modifications. They do not include any

allewanees for the repair of, or added costs resulting from defects,

accident damage, etc. which may have to he repaired before retrofit Can

be accsmpllshed, e.g., there is no provision for radiator repair. Cleaning

and painting are confined to only those areas involved in the retrofit

medificatlans.

The estimated retrofit major new hardware would be developed and sold by

EMD st EMD Parts Department prices. The.miscellaneous hardware are items

purchased by EMD from ethers. The amounts shown for these two classifica-

tions of hardware and for EMD labor are based on kaown, current costs at

EMD as of October 1974. None of the amounts contain a_y provision for

future economics, and significant adjustments may be necessary due to in-

flation and other considerations. The amounts were established on prelim-

inary design information and sketches for engine exhaust system hardware

retrofit requirements.

Labor costs and miscellaneous new hardware do not include profit on the

amount shown, whereas, say contractor that performed retrofit labor ser-

vices for the railroads would include a mark-up on this labor and on pur-

chased materials. These prices are also predicated on the assumption that

sufficient tooling, facilities, and raw materials are available to manufacture

• the Zequlred parts, =ebuild the engine turbQchargers, alter the iocemetlve

oarhsdios and perform other operations necessary to retrofit the locomotives

and that this could all he done under normal production conditions.
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Production line balancing (the utilization of labor in the most equitable

an_ efficient manner), an important oonslder'ation at EMD, is not included

in this study. It should be emphasized that the necessary tooling and

facilities, and floor space required to retrofit locomotives, manufacture

additional quantities of certain piece parts, and rebuild of increased

volume of.turboehargers do not exist at this time at EMD. Any estimate

of the cost of the requisite tooling and facilities could only bs deter-

mined after retrofit cycle times and a schedule by locomotive model type

are established. Once this information is obtai'ned, the amounts stated

herein would have to be modified to include such additionai tooling and
i

f_cillties costs since the amounts presented do not contain allowance for

this signiflcant.area of cost. ..

The stated costs for labor are based upon the.labor costs, including burden,

presently existing at EMD's LaGrange, Illinois, plant and are not neces-

sarily representative cf such costs at railroad maintenance installations

cr at other sources where retrofit work might be done for the railroads.

Furthermore, other sources may have different job codes, shift allowances,

etc., applicable to their labor force. Therefore, the labor costs at such

other sources would, of necessity, reflect other labor-related differences.

This study report No. 4 is the last in a series of four reports which have

been submitted to the EPA to cover ultimately 14 General Motors model

locomotives representing a total of 14,789 units delivered by EMD, or

63.4 percent of the 23,307 total GM locomotives in service on Class 1 and

2 Railroads ae of January I, 1974. The figures stated in this final report

see _ot necessarily representative cf the amounts that have been estimstod

_ i fOE other locomotive models in previous reports.
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At the end of this report is a locomotive exhaust muffler retrofit cost

study summary table which is included along with observations made as a

result of this study and related Electro-Motive experience,
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GENERAL MOTORS LOCOMOTIVE MODEL : GP30 (Turbocharged, 2,250 HP)

LOCOMOTIVE MODEL PRODUCTION DATES : 1962 - 1963

NO. OF LOCOMOTIVES PRODUCED AS OF

JANUARY_ 1974 : 946

PERCENTAGE OF TOTAL'GM LOCOMOTIVES

IN FIELD SERVICE AS OF JANUARY, 1974 : 4.1%

PERCENTAGE OF TOTAL LOCOMOTIVES IN
FIELD SERVICE AS OF JANUARY, 1974 : 3.2%

MAJOR FEATURES AFFECTING AVAILABLE PERCENTAGE OF TOTAL
EXHAUST MUFFLER SPACE MODEL PRODUCTION

A. Standard Configuration 9.0%
(No Dynamic Brakes)

B. Standard Dynamic Drakes (Optional) 87.8%

C. Extended Range Dynamic Brakes (Optional) 12.2%
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GP30 [OCOMOTIVE

VERBALDESCRIPTIONOFMUFFLERSYSTEM,INCLUDINGSPARKARRESTING
WHERENECESSARY,TAKINGINTOACCOUNTOPTIONALFEATURESi

A reactive type exhaust muffl_r is installed directly on the

turbocharger exhaust outlet duct. The muffler is of straight-

through design to minimise backpressure imposed on the engine.

The weight of the muffler is supported solely by the turbocharger

and, as a result, a special reinforced turboeharger exhaust duct

is required. Any electrical cabling must bs shielded from the

exhaust muffler heat radiation.

The turbocharger is considered an inherently effective spark at-

rester and thereby the turbocharged engine requires no additional

provision for spark arrestance hardware_
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B. GP30/OCOFIOTIVEEQUIPPEDWITNSTANDARDDYNAMICBRAKES

DESCRIPTION OF LOCOMOTIVE MODIFICATXONS NECESSARY TO ACCOMMODATE
RETROFIT EXHAUST SYSTEM:

1. TURBOCHAHGER

The turbocharger must be removed from engine, dis-
assembled, inspected, and a new reinforced exhaust
duct applied. The terbocharger is the*] tested and
reapplied to the engine.

2. DYNAMIC BRAKE HATCH

The locomotive earbody, containing the dynamic brake
hatch (welded on), must be removed from the locomotive.
The turbocharger removal opening in the carhody must be
enlarged to accommodate the exhaust muffler. Dynamic
brake cabling must be removed and rerouted to provide
clearance around the muffler. Heat shields and insulated
panels must be installed to protect dynamic brake cabling
in the vicinity of the muffler. The locomotive earbody is
then reapplied to the locomotive.

3. MUFFLER

An exhaust muffler is installed on the new turbocharger
exhaust duct.

4, TURBOCHARGER REMOVAL HATCH COVER

A new, larger hatch cover must be applied above the exhaust
muffler to cover the enlarged turhocharger removal opening in
_he dynamic brake hatch.

S, OIL SEPARATOR EJECTOR

An ejector must be added to the ell separator to overcome
the additional backpressure created by the exhaust muffler,
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B, 9P30LOCOMOTIVEEQUIPPEDWITIISTANDARDDYNAMICBRAKES

LISTING OF MAJOR NEW }|ARDWARE TO. BE APPLIED

1. Turbo_harger disassembly, inspection, machining, and
application of new, reinforced exhaust duct.

2. Exhaust muffler.

3. Turbocharger removal batch cover.

4. Oil separator ejector.

LISTING OF MISCELLANEOUS NEW HARDWARE REQUIRED:

1. Steel structure shapes used to enlarge turbooharger
removal opening.

2. Insulated panel heat shields.

TOTAL PRICE OF MAJOR NEW HARDWARE REQUIRED : $ 6,700.

TOTAL COST OF MISCELLANEOUS EEW BARDWABE RKQDIRED : $ 300.

TOTAL COST OF LABOR TO MAKE MODIFICATION : $ 9,200.

TOTAL ENHAEST MUFFLER RETROFIT COST : $ 15,200.

LOCOMOTIVE OUT OF SERVICE PLANT CYCLE TIME : 7 days

LOCOMOTIVE OUT OF SERVICE TRANSIT TIME : 4 days

LOCOMOTIVE OUT OF SERVICE COST/DAY * : $ 500.

TOTAL LOCOMOTIVE OUT OF SERVICE COST _ $ 5,500.

TOTAL COST : $ 21,700.

• Based on information furnished by Burlington Northern, Milwaukee,
Missouri Pacific, Penn central, Rook Island, Southern, and Southern
Pnclfie Railroads.
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C," GP30LOCOMOTIVEEQUIPPEDWITHEXTENDEDRANGEDYNAMICBRAKES

DESCRIPTION OF LOCOMOTIVH MODIFICATIONS NECESSARY TO ACCOMMODATE
RETROFIT EXhaUST SYSTEM:

i. TURBOCHARGER

The turbocharger must be removed from engine, disassembledt
inspected, and a new reinforced exhaust duct applied. The
turboeharger is then tested and reapplled to the engine.

2. EXTENDED RANGE DYNAMIC BRAKE HATCH STRUCTURE

The Iocomotlve carbody, containing the dynamic brake hatch
(welded on) t must be removed from the locomotive. The
extended range dynamic brake oontactors must be relocated
within the dynamic brake hatch. This involves structural
modifications and,recabllng. Th@ turbocharger removal
opening Rust be enlarged to accommodate the muffler.
Insulated panels must be installed to protect dynamic
brake cabling in the vicinity of the exhaust muffler.
The locomotive carbody is then reapplled to the locomotive.

3. MUFFLER

An exhaust muffler is installed on the new turbocharger
exhaust du0t.

4. TURBOCIIARGER REMOVAL HATCH COVER

A new, larger hatch cover must be applied above the exhaust

muffler to cover the enlarged turbocharger removal opening
in the dynamlc brake hatch.

5. OIL SEPARATOR EJECTOR

An ejector must be added to the oll separator to overcome
the additional baekpressure created by the exhaust muffler.
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C, 6P3OLOCOMOTIVEEQUIPPEDWITHEXTENDEDRAN6EDYNAMICBRAKES

LISTING OF MAJOR NEW HARDWARE TO BE APPLIED:

1. Turhoeharger disassembly, inspection, machining, and
application of new, reinforced exhaust duct.

2. Exhaust muffler.
t

3. Turbocharger removal hatch cover.

4. Oil separator ejector.

LISTING OF MISCELLANEOUS NEW HARDWARE REQUIRED: •

1. Steel structure shapes used to enlarge turbocharger
removalopening. .

2. Insulated panel heat shields.

3. Steel structural shapes and sheet used to relocate
dynamic brake eontactors.

4. Dynamic brake cables, conduit, and control wir4s.

TOTAL PRICE OF MAJOR NEW HARDWARE REQUIRED : $ 6,700.

TOTAL COST OF MIS_EL_iNEOUS NEW HARDWARE REQUIRED : $ 500.

TOTAL COST OF LABOR TO MAKE MODIFICATION : $ Ii,000.

TOTAL EXHAUST MUFFLER RETROFIT COST : $ 18,200.

LOCOMOTIVE OUT OF SERVICE PLANT CYCLETIME : 9 days

LOCOMOTIVE OUT OF SERVICE TRANSIT TIME : 4 days

LOCOMOTIVE GUT OF SERVICE COST/DAY * : $ 500.

TOTAL LOCOMOTIVE OUT OF SERVICE COST : $ 6,500.

TOTAL COST : $ 24,700.

• Based on information furnished by Burlington Northern, Milwaukee,
Missouri Pacifioa Penn Central, Rook Island, Southern, and Southern
Pacific.
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GENERAL MOTORS LOCOMOTIVE MODEL : OP35 (Turbocharged, 2,500 HP)

LOCOMOTIVE MODEL PRODUCTION DATES : 1963 - 1965

NO. OF LOCOMOTIVES PRODUCED AS OF

JANUARY, 1974 : 1,308

PERCENTAGE OF TOTAL GM LOCOMOTIVES

IN FIELD SERVICE AS OF JANUARY, 1974 : 5.6%

PERCENTAGE OF TOTAL LOCOMOTIVES IN

FIELD SERVICE AS OF JANUARY, 1974 : 4.4%

MAJOR FEATURES AFFECTING AVAILABLE PERCENTAGE OF TOTAL
EXHAUST MUFFLER SPACE MODEL PRDDUCTION

A. Standard Configuration 18.1%
(No Dynamic Brakes)

B. Standard Dynamic Brakes (Optional) 57.7%

C. Extended Range Dynamic Brakes (Optional)

i. Welded on hatch 18.6% *

2, Bolted on hatch 5.6% **

• Not considered in study due to time constraints; howeverl mod-
ifications would be similar to those required for SP30 locomotive

equipped with Extended Range Dynamic Brakes. Costs would be slightly
h_gher due to more extensive hatch modifications and cable alterations.

•* Not considered in study due to low population in field. However,
modifications would be similar to those required for GP40-2
locomotive equipped with extended range dynamic brakes.
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GP35LOCOMOTIVE

VERBAL DESCRIPTION OF MUFFLER SYSTEM,:INCLUDING SPARK ARRESTING
WHERENECESSARY,TAKINGINTOACCOUNTOPTIONALFEATURES:

A reactive-type exhaust muffler is installed directly on the

turbocharger exhaust outlet duct. The muffler is of straight-

through design to minimize backpressure imposed on the engine.

The weight of themuffler is supported'solely by the turbo6harger

and, as a result, a special reinforced turbocharger exhaust duct

is required. Any electrical cabling must be shielded from the

exhaust muffler heat radiation.

The turbocharger is considered an inherently effective spark ar-

rester and thereby the turbocharged engine requires no additional

provision for spark arrestanee hardwarg.
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A, GP35LOCOMOTIVE=STANDARDCONFIGURATION(NODYNAMICBRAKES)

DESCRIPTION OF LOCOMOTIVE MODIFICATIONS NECESSARY TO ACCOMMODATE
RETROFIT EXHAUST SYSTEM:

i. TURBOCHARGER

The turbocharger must be removed from engine, disassembled,
inspected, and a new, reinforced exhaust duct applied. The
turbcchargsr is then tested and reapplied to the engine.

2. LOCOMOTIVE CARBODY

The locomotive earbody to the rear of the cab must be re-
moved from locomotive. The turbocharger removal opening
in the carbody must be enlarged to accom/nodate the exhaust
muffler. The carbody is then rea_plled to' the locomotive.

3. MUFFLER

An exhaust muffler is installed on the new turbochargsr
exhaust duct.

4. TUREOCHARGERREMOVAL HATCH COVER

A new, larger hatch cover must be applied above the exhaust
muffler to cover the enlarged turbocharger removal opening
in the locomotive carbody.

• 5. OIL SEPARATOR EJECTOR

An ejector must be added to the oll separator to overcome
the additional backpressure created by the exhaust muffler.
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A, GP35LOCOMOTIVE-STANDARDCONFIGURATION(NODYNAMICBRAKES)

L_STING OF MAJOR NEW HARDWARE TO BE APPLIEO_

i. Turbocharger disassembly, inspection, machining, and
application of new, reinforced exhaust duct.

2. Exhaust muffler.

3. Turbe_harger removal hatch cover.

4. Oil separator ejector.

LISTING OF MISCELLANEOUS MEW I_ARDWARE REQUIRED:

I. Steel _tructural shapes used to enlarge turboeharger
removal'opening. ..

TOTA_ PRICE OF MAJOR NEW IIARDWARE REQUIRED : $ 6,80D.

TOTAL COST OF MISCELLANEOUS NEW BARDWARE REQUIRED : $ 300.

TOTAL COST OF LABOR TO MAKE MO'DIPICATION • : $ 8,400.

TOTAL EXHAUST MUFFLER RETROFIT COST : $ 15,500.

LOCOMOTIVE OUT OF SERVICE PLANT CYCLE TLME : 7 days

LOCOMOTIVE OUT OF SERVICE TRANSIT TIME : 4 days

LOCOMOTIVE OUT OF SERVICE COST/DAY * _ $ 500.

TOTAL LOCOMOTIVEOUT OF SERVICE COST : $ 5,500.

,TOTAL COST : $ 21,000.

• Based on information furnished by Burlington Northern, Milwaukee,
Missauri Pacific, Penn Central, Rock Island, Southern, and
Southern Pacific Railroads.
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B, GP35LOCOMOTIVEEQIIIPPEDIqITHSTANDARDDYNAMICBRAKES

DESCRIPTION OF LOCOMOTIVE MODIFICATIONS NECESSARY TO ACCOMMODATE
• RETROFIT EXHAUST SYSTEM:

1. TURBOCHAEGER

The turbocharger must be removed from engine, disassembled,
inspected, and a new, reinforced exhaust duct applied. The
turbocharger is then tested and reapplled to the engine.

2. LOCOMOTIVE CAEBODY

The locomotive oarbody containing the dynamic brake hatch
(welded on), must be removed from locomotive. The turbo-
charger removal opening in the hatch must be enlarged to
accommodate the exhaust muffler. Dynamic brake cabling
within the hatch must be removed and rerouted to provide
clearance around the muffler. _onduits,'heat shields,

and insulated panels must be installed to protect dynamic •
brake cabling in the vicinity of the muffl_r. The loco-
motive carbody is then reappliod to the locomotive.

3. DYNAMIC BRAKE CABLING

Dynamic brake cables connecting the eleetrlcal control
cabinet and the dynamic brake hatch in the earbody must
be removed and rerouted to provide clearance for the
muffler. A closure box to protect the cabling near the
muffler must be applied.

4 • MUFFLER

A_ exhaust muffler is installed on the new turbochargsr
exhaust duct.

5. TURBOCSARGER REMOVAL HATCH COVER

A new, larger hatch cover must be applied above the exhaust
muffler to cover _he enlarged turbocharger removal openinq
in the dynamic brake hatch.

6 • 0_ SEPARATOR EJECTOR

" - An ejector must be added to the oll separator to overcome
the additional backpressure created by the exhaust muffler,
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B, GP35 LOCOMOTIVEEQUIPPEDWITIISTANDARD DYNAMIC BRAKES

LISTING OF MAJOR NEW HARDWARE TO BE APPLIED:

i. Turbocharger disassembly, inspection _, machining, and

a_plication of new, reinforced exhaust duct.

2. Exhaust muffler.

3. Turbocharger removal hatch cover.

4. Oil separator ejector.

LISTING OF MISCELLANEOUS NEW HARDWARE REQUIRED:

i. Steel structural shapes used to _nlarge tyrbocbarger
removal opening.

2. Insulated panels, conduit, and sheet metal heat shields.

3. Dynamic brake cabling and associated connectors and cleats.

TOTAL PRICE OF MAJOR NEW HARDWARE REQUIRED : $ 6,800.

TOTAL COST OF MISCELLANEOUS NEW HARDWARE REQUIRED : $ 700.

TOTAL COST OF LABOR TO MAKE MODIFICATION : $ 12,700.

TOTAL EXHAUST MUFFLER RETROFIT COST : $ 20,200.

LOCOMOTIVE OUT OF SERVICE PLANT CYCLE TIME : i0 days

LOCOMOTIVE OUT OF SERVICE TRANSIT TIME : 4 days

LOCOMOTIVE OUT OF SERVICE COST/DAY * : $ 500.

TOTAL LOCOMOTIVE OUT OF SERVICE COST : $ 7,000.

TOTAL COST : $ 27,200.

• Based on information furnished by Burlington Northern, Milwaukee,
Missouri Pacifio, Rock Island, Penn Central, Southern, and
Southern Pacific Railroads.

E.IO4
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GENERAL MOTORS LOCOMOTIVE MODEL : SD35 (Turbocharged, 2,500 NP)

LOCOMOTIVE MODEL PRODUCTION DATES : 1964 - 1966

NO. OF LOCOMOTIVES PRODUCED AS OF

JANUARY, 1974 : 380

PERCENTAGE OF TOTAL OM LOCOMOTIVES

IN FIELD SERVICE AS OF JANUARY, 1974 : 1.6%

PERCENTAGE OF TOTAL LOCOMOTIVES IN

FIELD SERVICE AS OF JANUARY, 1974 : 1.3%

MAJOR FEATURES AFFECTIVE AVAILABLE PERCENTAGE OF TOTAL •
EXHAUST MUFFLER SPACE MODET_ PRODUCTION

A. Standard Configuration 3.1% *
(No Dynamic Brakes)

B. Standard Dynamic Brakes (Optional) 40.6%

C. Extended Range Dynamic Brakes (Optional) 56.3%

Not considered in study due to low population in field. However,
modifications would be similar to those required for GP35 ioco-
motive - Standard Configuration (no dynamic brakes).

i
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SD35LOCOMOTIVE

VERBALDESCRIPTIONOFMUFFLERSYSTEM,INCLUDIIIGSPARKARRESTING
NHERENECESSARY,TAKINGINTOACCOUNTOPTIONALFEATURES:

A reactlve-type exhaust muffler is installed directly on the

turbocharger exhaust outlet duct. The mufflsr is of straight-

through design"to minimize backpressure imposed bn the engine.

The weight of the muffler is supported solely by the turbscharger

andt as a rssult, a special reinforced turbocharge_ exhaust duct

is required. Any electrical cabling must be shielded from the

exhaust muffler heat radiation.

The turbcehargsr is considered an inherently effective spark at-

rester end thereby the turbocharged engin_ requires no additional

brovlsion for spark arrestance hardware.

E-f06
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B. SD35LOCOMOTIVEEQUIPPED WITHSTANDARDDYNAMICBRAKES

DESCRIPTION OF LOCOMOTIVE MODIFICATIONS NECESSARY TO ACCOMMODATE
RETROFIT EXHAUST SYSTEM:

i. TNRBOCHARGER

• The turbocharger must be removed from engine, disassembled,
inspected, and a new reinforced exhaust duct applied. The
turbocharger is then tested and reapplied to the engine.

2. DYNAMIC BRAKE HATCH

The locomotive carbody, containing the dynamic brake hatch
(welded on), must be removed from the locomotive. The

dynamic brake hatch must be removed from the locomotive
by burning off the welds holding the hatch to the earbody.
The hatch structure must be modified to shift the hatch

assembly nine inches toward the rear of the locomotive.,
The turbocharger removal opening must be enlarged to
accommodate the muffler. Insulated panels must be
installed to protect dynamic brake cabling in the
vicinity of the exhaust muffler. Dynamic brake cabling
and conduits lengthened nine inches over the original,
must be applied. The dynamic brake hatch is then re-
applied to the locomotive and cabling is reconnected.

3. MUFFLER

An exhaust muffler is installed on the new turbceharger
exhaust duct.

4. TURBOCHARGER REMOVAL HATCH COVER

A new, larger hatch cover must be applied above the
exhaust muffler to cover the enlarged turbocharger
removal opening in the dynamic brake hatch.

5, OIL SEPARATOR EJECTOR

An ejector must be added to the oil separator to overcome
the additional backpressure created by the exhaust muffler.

E-19_
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B, SD35LOCOMOTIVEEQUIPPEDWITH STANDARD DYNAMIC BRAKES

LISTING OF MAJOR NEW HARDWARE TO BE APPLIED:

I. Turbocharger disassembly, inspection, machining, and
application of new, reinforced exhaust duct.

°

2. Exhaust muffler•

3. Turbocharger removal hatch cover.

4. Oil separator ejector•

LISTING OF MISCELLANEOUSNEW HARDWARE I_EQUIEED:

1. Steel structure shapes used to enlarge turbocharger
removal opening: ..

2. Insulated panel heat shields•

3. Steel structural shapes and sheet used to relocate
dynamic brake hatch structure nine inches rearward
on loeomotiye.

4. Dynamic brake sables and conduits.

TOTAL PRICE OF MAJOR NEW HARDWARE REQUIRED : $ 6,800.

TOTAL COST OF MISCELLANEOUS NEW I{A.RDWARE REQUIRED : $ 900.

TOTAL COST OF LABOR TO MAKE MODIFICATION : $ 15,800.

TOTAL EXHAUST MUFFLER RETROFIT COST : $ 23,500.

LOCOMOTIVE OUT OF SERVICE PLANT CYCLE TIME .: i0 days

LOCOMOTIVE OUT OF SERVICE TRANSIT TIME : 4 days

LOCOMOTIVE OUT OF SERVICE COST/DAY * : $ 500.

TOTAL LOCOMOTIVE OUT OF SERVICE COST : $ 7,000.

TOTAL COST I $ 30,500.

• Based onlnformetion furnished by Burlington Northern, Milwaukee,
Missouri Pacific, Penn Central, Rock Island, Southern, and
Southern Pacific Railroads.
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C', SD35LOCOMOTIVE EQUIPPEDWITH EXTENDED _ANGEDYNAMIC BRAKES

DESCRIPTION OF LOCOMOTIVE MODIFICATIONS NECESSARY TO ACCOMMODATE
RETROFIT EXHAUST SYSTEM:

i. TURBOCHARGER

The turbocharger must be removed from engine, disassembl'ed,
inspected, and a new reinforced exhaust duct applied. The
turbocharger is then tested and reapplied to the engine.

2. EXTENDED RANGE DYNAMIC BRAKE IIATCllSTRUCTUI_

The locomotive carbody, containing the dynamic brake hatch
(welded on), must be removed from the locomotive. The ex-
tended range dynamic brake hatch must be removed from the
locomotive earbody by burning off the welds holding the
hatch to the carbody. The hatch structure must be modified
to shift the hatch assembly nine inches, toward the rear of
the locomotive. The turboeharger removal opening must be
enlarged to accommodate the muffler. Insulated panels must
be installed to protect dynamic brake c_bling in the vicinity
of the exhaust muffler. Dynamic brake cabling, conduit, and
control wlres, lengthened nine inches over the original, must
be applied. The extended range dynamic brake hatch is then
reapplied to the locomotive and cabling and _ontrol wires
are reconnected.

3. MUFFLER

An exhaust muffler is installed on the new turbocharger
exhaust duct.

4. TURBOCHARGEH REMOVAL HATCH COVER

A new, larger hatch cover must be applied above the exhaust
i muffler to cover the enlarged turbocharger removal opening

in the dynamic brake hatch.

s. o!_ _P_TOR E_CTOR

An ejector must be added to the oil separator to overcome
the nddltlonal bsckpressure created by the exhaust muffler.

'E-I09
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C, SD35LOCOMOTIVEEQUIPPED WITH EXTENDED RANGE DYNAMIC BRAKES

LISTING OFMAJOR NEW HARDWARE TO BE APPLIED:

i. Turbocharger disassembly, inspection, machining, and
'application of new, reinforced exhaust duet.

2. Exhaust muffler,

3. Turbocharger removal hatch cover.

4. Oil separator ejector.

LISTING OF MISCELLANEOUS NEW HARDWARE REQUIRED:

i. Steel structure shapes used to'enlarge turboeharger
removal oponing.

2. Insulated panel heat shields.

3. Steel structural shapes and sheet used to relocate
dynamic brake hatch structure nine inches rearward
on locomotive.

4. Dynamic brake cables, conduit, and control wires.

TOTAL PRICE OF MAJOR NEW HARDWARE REQUIRED : $ 6,800.

TOTAL COST OP MISCELLANEOUS NEW HARDWARE REQUIRED : $ 900.

TOTAL COST OF LABOR TO MAKE MODIFICATION : $ 16w500.

TOTAL EXHAUST MUFFLER RETROFIT COST : $ 24,200.

LOCOMOTIVE OUT OF SERVICE PLANT CYCLE TIME : i0 days

LOCOMOTIVE OUT OF SERVICE TRANSIT TIME z 4 days

LOCOMOTIVE OUT OF SERVICE COST/DAY * : $ 500.

TOTAL LOCOMOTIVE OUT OF SERVICE COST : $ 7,000.

TOTAL COST : $ 31,200.

I * Based on information furnished by Burlington Northern, Milwaukee,

Missouri Pacific, PennCentral, Rock Island, Southernt and
Southern Pacific Railroads.
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GENERAL MOTORS CORPORATION

LOCOMOTIVE EXIIAUSTMUFFLER RETROFIT

COSTSTUDYSUMMARY]'ABLE

AND

OBSERVATIONS MADE AS A RESULT OF TIIIS

STUDY AND RELATED ELECTRO-MOTIVE EXPERIENCE

ri
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0_IEPAL MOTORS CORPORATION
LOCOMOTIVE EXHAUST MU}IFLKH BETHOFIT COST STUDY _I_ARY

Locomotive
Models QPI8 QpI_0 GPIIO.2 S_O SI_0.2

I

No. of Lace. I
Produced AS

Jof January
1974 2619 31180 3%3 9J_6 1308 380 1202 165 877 _27 I_67 260 977 558

PercentaKe
Of Total 0M
UnltB |n Fleld
Servlce As of
Jan, 1974 ll.U_ I_.9% 1.5% %.I_ 5*6% 1,6% 5.2% 0.7% 3.8% 1,8% 5.q% 1.1% _,2% e.3%

_! Percentage
of Total
_¢omotlveB
In Field
Sepvlce An
of January
197h * 8.7_ II.6% 1.1% 3.2% 4._% 1.3% %.0% 0.,6% 2.9% 1.%% _.2_ 0.9% 3.3% i.8%

Total
]_haust
_uffler
Rutro_it ,'
Cost
(Mllllons) 50.01 38.53 3.83 15.56 2_.63 8.98 20.83 2.5_ 17.65 7.55 24_16 _.75 33,94 12.35

Total
Cost

Inoludlng
MufFler
letrQf_t
Plus Out
of Service
Cost (Mllllona) _3.2_ 55.29 5.52 20.87 3.19 11.63 27.20 3.37 22.78 10.08 31,67 6,35 %1.8]_ 15.83

I

Total overall muffler retrofit and out of service cost eoverlnE i_ _eneral Mo_ors model Iocomotlve8 representlnE s totel of I_,789
unlt_ del_vered by _D or 83.% percent of the to_al 23,307 tet_l 014 locomotlve_ in _e_vlee on Class 1 end 2 rsilroa_s _s oT



OBSERVATIONS MADE AS A RESULT OF THIS STUDY A_D RELATED ELECTRO-MOTIVE
EXPERIENCE:

i. The magnitude of costs established in this study to retrofit in-
service locomotives with exhaust muffler hardware is indicative
of the modification comploxity involved to not only meet EPA
proposed 87 dB(A) sound level limit but to insure retention of
satisfactory overall locomotive performance, reliability, and
maintainability as well as exhaust spark agrestanee control
where necessary.

2. The length of locomotive "out of serU_c_ pZal:t _yeZo" time
established in this study to retrofit in-service locomotives
with exhaust muffler hardware raises a serious question as to

the practicability of the EPA proposed four year time period
for the railroads to obtain proven exhaust muffler hardware
and retrofit all of their in-service locomotives to meet

87 dB(A) sound level limit compliance.

3. The length of field service evaluation i_ normally two years.
Electro-Motive's experience in the design and development of
locomotive exhaust system hardware has proven that the impor-
tance of adequate field test time to insure prototype muffler
design structural integrity Cannot be over-emphasized. The
ultimate realistic determination of muffler structural re-

liability must take place on the intended locomotive model
involved with sufficient field service time experience under
actual revenue operating conditions.

4. It should be emphasized that the costs developed in this study
do not include additional tooling and facility costs necessary
to implement the locomotive exhaust muffler retrofit• This
additional significant area of cost can only be determined
after retrofit cycle times and a schedule by locomotive model
types have been established.

5. In view of this study covering 63.4 percent or 14,789 units out
of a total of 23,307 General Motors locomotives in service as of"

January I, 1974, the following projection of the costs established
An this study is suggested to estimate total retrofit cost for the
remaining 36.6 percent or 8518 locomotives:

E-I13



A. 30 percent or 6992 units -

use GP7 model cost of $15,000/unit. a

B. 3.6 percent or 839 units -

use average SD40 model cost of $25,970/unit. b

C. 3.0 percent or 687 units -

use average GP7/9/18 model cost of $16,150/unit. c

a. Th6 majority of these units are of the switcher
or lower horsepower type such that modifications
to the exhaust system of these units would be
similar to those needed for the GP7 model.

b. These units are turbecharged road iocomotives and
would require modifications similar to those needed
on the SD40 units.

I O. These units are the remaining lower horsepower units

i not individually studied and would require modifications

i similar to those on the GP7 GP9 and GP18 units.

i

E-If4



Exhaust Muffler

• / StandardJlynpnlic_Brake.Hatch.SLrulltureandCables
__'xzengeo Hangeuyna_lc__r_a.l.s

, " . .W I|-- i .... i ..... iJ_ •

'. _ b , ' i- I I I--II i I • lil ! ' " i I

I/. kt _IL-_ _ _ l_tT_l_;_!'_t_;i-,<£'. , 2.... '_,_._,;i_ r _ ., ,4
i --.-._=:.:, + ., ._l.2'4,' %" <7"'" 0 " _ - -" "t_':v ' .,+

t / --
_" _-L,I_'_L_-_j_' _ _ ................ -_L__-____ __

1. Sand Box 8. Auxiliary Generator 15. Air Compressor
2, Battery 9, Turbocharger 16, Radiators
3. Control Stand 10. Main Generator i?, Radiator Cooling Fans
4. No. 1 Electrical Cabinet 11. Engine Cranking Motors 18. No, 2 Electricat Cabinet
5, Inertial Air Filter 12. Engine 20-645E3 19. Trucks
6. Traction Motor Blower 13, Dynamic Brake Fans 20. Fuel Taitk
?, Generator Blower 14. Equipment Rack, 21, Electrical Cabinet Air Filter

General Arrangement--SD45 Locomotive

SO 45/45-2
_DDIFIED
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---__2__.LE__:__,,...I..._;_::_ _mrL---.._-.--==- ,-!r']:_f"__......-";_)i-'.'r_..... ___._

I.SandBox 8.AttxiliaryGenerator IS.AirCompressor
2.Battery 9.Turbocharger 16.Radiators
3.ControlStand 10.Main Generator 17.RadiatorCoolingFans

4.No. I ElectricalCabinet Ii.EngineCrankingMotors 18.No.2 ElectricalCabinet
5. InertialAirFilter 12.Engine20-645E3 19.Trucks
8.TractionMotor Blower 13.Dynamic Brake Fans 20. FuelTank
7.GeneratorBlowpr 14. EquipmentRack 21.Electrlc_lCabinetAir Filter

General Arrangement -- SD45 Locomotive

SD 45/4_-2 STANDARD



ExhaustMuffler ExtendedRangeDynamicBrakes

i. Sand Box II. Engine 16-645 19. Lube Oil Cooler
2. Battery 12. Exhaust Manifold 20. Radiators

3. Locomotive Controls 13. Dynamic Brake Fan 21. Radiator Fans
4,El_ctricalCabinet 14,Engine Governor 22. Fuel Filter

5.Carbody Air Filter 15.Lube Oil Strainer 23. Air Compressor
6.Traction Motor Blower 16. Engine Water Tank 24. AC And Compressor
7.Generator Blower 17, Fuel Pump ControlCabinet
8,AuxiliaryGenerator 18. Lube Oil Filters (Back Of Equipment Rack)
9. Turbocharger 25. Truck

10. Main Generator 26. Fuel Tank

Locomotive General Arrangement

GP40/40-2
I,DDIFIED



i

L,1 ° • _ _ I1"7 ' ° '

II. Engine 16-545 19. Lube Oil Cooler
1. SandBox

¢o 2, Battery . 12. Exhaust Manifold 20. Radiators
3, Locometive Controls 13. Dynamic Brake Fan 21. Radiator Fans
4, Electrical Cabinet 14. Engine Governor 22. Fuel Filter
5. Carbody Air Filter 15. Lube O1] Strainer 23. Air Compressor
6, Tractien Motor Blower 16. Engine Water Tank 24. AC And Compressor
7. Generator Blower 17. Fuel Pump Control Cabinet
8. Auxiliary Generator 16. Lube Oil Filters (Back Of Equipment Rack)
9. Turbocharger 25. Trucl¢

10, Main Generator 26, Fuet Ta_k

Looomotive General Arrangement
GP 40/40-2 ST.,%,_g]ARD



Exhaust Muffler

SparkArrestingExhaustManifold_ ...... . .

.

GP 38-2
blODIFIEI)
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Exhaust Muffler

SparkArrestinilExhaustManifold\
ExtendedRanEeDynamicBrakes / \ Extended.RangeG!n..ami¢6rakes
,o,,..,h(..,o..,,,,,,.,,)_ \ _ \/M..,., ,.,,...,,,,,,.,.,

ff _ + _,, ,_ ,_ _ _.l.

"_- ..... _ " __._. :_.._l _-].

I. Sand Box 8. Auxiliary Generator 15, Engine Governor
2. Battery 9. Engine Air Filter 16. Acceanory Rack
3. Locomotive Controls 10. Engine Blowers J% Air Compressor
4. Electrical Cabinet 11. DC Main Generator 18. Radiators
5, Cart_,dy Air Filter And AC Alternator 19. Radiator Fans
6. Traction Motor Blower 12. Engine 16-645E 20. Trucks
7. Generator Blower 13. Exhaaet Maniloldo 21. Fuel Ta_

14. Dynamic Bra_e Fan

Locomot/ve General Arrangement
_DDI._IP.D

GP38



I.SandBox 8.AuXiliaryGenerator 15.EngineGovernor
2,Battery 9.EngineAir Filter 16,AccessoryRack
3.LocomotiveControls 10.EngineBlowers 17.Air Compressor
4. Electrical Cabinet 11, DC Main Generator 18. Radiators
5. Carbody Air Filter And AC Alternator 19. Radiator Fans
6.Tr_IctionMotor Blower 12.Engine16-645E 20.Trucks
7. Generator Blower 13, Exhaust Manifolds 21. Fuel Tank

14, Dynamic Brake Fan

GP-3_o STANDARD

Looomqt_c.eCeneral Arrangement



ExhaustMuffler

StandardOynarnic8rakeHatchStructureandCables

/._3£xtended RangeDynamicSrakes

_' 1. Sand Box 11. Engine Craokieg Motors
2. Battery 12, Engine 1B-645E3
3. Control Stand 13. Dynamic Brake Fans
4. No, 1 Electrical Cabinet 14. Equip_nent Rack
6. rnert_'alAir Filter 15. Air Compressor
B.Traction Motor Blower 16. Radiators

7, Generator Blower 17. Radiator Cooling Fans
8. Auxi)iary Generator 18. Trucks
9. Turb0charger 19. Fuel Tank

10. Main Genar_tor 20. Electrlcal C_binet Air Filter

GeneralArrangement- SD40Locomotive

SI]35/40/40-2
_JOl}1FI F,D
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1, Sand Box 11. Engine Cranking Motors
2, Battery 12. Engine 16-645E3
3. Control Stand 13. Dynamic Brake Fans
4, No. 1 Electrical Cabinet 14, Equipment Reck
e, Inertial Air Filter 15. Air Compressor
6. Traction Motor Blower 16. Radiators

7, Generator Blower 17. Radiator Cooling Fans
8. Auxiliary Generator 18. Trucks
9, Turbocharger 19. Fuel Tank

10. Main Generator 20, Electrical Cabinet Air Filter

GeneralArrangement- $D40 Locomotive

SB3S/40/40-2STm_Dmm



ExhaustMuffler

/ / ExtendedRangeDynamicBrakes

1. Sand Box 8. Auxiliary Generator 15. Lube Oil Strainer 22.36" Fan and Motor
2. Battery 9. Turbocharger Housing 23. Fuel Pressure
3. Loco. Controls ' 10. Main Generator and 16, Eng. Water Tank Filter
4. Electrical Cabinet Alternator 17. Fuel Pump 24. Air Compressor
5. Inertial Separator ll. Engine 16-567 D3A 18, Lube Oil Filter 25. Trucks
6. Traction Motor 12. Exhaust Manifold 19. Lube Oil Cooler 26. Traction Motors

Blower 13. Dyn. Brake Fan 20. Radiator 27. Main Air Reservoir
7. Generator Blower 14. Governor 21. 48" Fan and Motor 28. Fuel Tank

General Arrangement
GP 35
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1. Sand Box 8. Auxiliary Generator 15. Lube Oil Strainer 22.36" Fan and Motor
2. Battery 9. Turbocharger Housing 23. Fuel Pressure
3. Loeo. Controls I0. Main Generator and 16. Eng. Water Tank Filter
4. Electrical Cabinet Alternator 17. Fuel Pump 24. Air Compressor
5. Inertial Separator 11. Engine 16-567 D3A 18. Lube Oil Filter 25. Trucks
6. Traction Motor 12, Exhaust Manifold 19. Lube Oil Cooler 26. Traction Motors

Blower 13. I._yn. Brake Fan 20. Radiator 27. Main Air Reservoir
7. Generator Blower 14. Governor 21. 48" Fan and Motor 9.8. Fuel Tank

General Arrangement
GP 35 STANDARD



Exhaust Muffler
,/Standard DynamicBrakeHatchStructureand

-_ _ /.._Extended Range0_ Brakes Cable=

I. Sand Box 8. Turbooharger 15, Radiators 22. Truck
2, Loeo, Controls 9. Grid Blower Motor 16. Lube Oil Cooler Z3. Lube Oil Strainer
3. Electrical Cabinet 10, D3 Diesel Engine 17. Lube Oil Filter 24. Fuel Tank
4, DuBt Filter& Blower Motor 11. _xhaust Manifold 18. Fuel Filter 25. Air Reservo/r
5. Traction Motor Blower 12. Governor 19. Air Compressor 26. Main Generator &Alternator
6. Generator Blower 13. I_ngine Water Tank 20. Fuel Pump 27. Traction Motor Air Duct
7. AuTcil_aryGenerator 14. Engine Cooling Fans 21. Traction Motors 28. Batteries

General Arrangement

GP30

F._DIFr_D



1. Sand Box - 8, Turbocharger 15. Radiators 22, Truck
2. Loco. Controls 9, Grid Blower Motor 16. Lube Oil Cooler 23, Lube O11Strainer
3. Electrical Cabinet 10. D3 Diesel Engine 17. Lube Oil Filter 24. Fuel Tank
4. Duet Filter& Blower Motor 11. Exhaust Manifold 18. Fuel Filter 25. Air Reservoir
5. Traction Motor Blower 12. Governor 19. Air Compressor 26. Main Generator&Alternator
6. Generator Blower 13. Engine Water Tank 20. Fuel Pump 27. Traction Motor Air Duct
7. Auxiliary Generator ' 14. Engine Cooling Fans 21. Traction Motors 2S. Batteries

General Arrangement

GP-30STANDM+<D
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General Arrangement

GP7/9/18

I,]ODIFII-D
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General Arrangement
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GENERAL MOTORS CORPORATION
ADDITIONAL COMMENTS .TOTHE

ENVIRONMENTAL PROTECTION AGENCY'
PROPOSEDRAILROADNOISE "EMISSION STANDARDS

DOCKET NUMBER ONAC 7201002

DESCRIPTION

The Environmental Protection Agencyt Office of Noise Abalement and Control (ONAC)_
has published proposedstandardsfor sound levels resulting from the operation of locomotives
and railroad carsof surfacecarriers engagedin interstate commerceby railroads. The
ONAC has also publisheda BackgroundDocument which explains the basisof_ purposesfort
end environmental effects of the proposedstandards.

To further support General Motors CosporaHon'sresponseto the Environmental Protection
Agency's ProposedRailroad Noise EmissionStandards_the following commenlsare offered
as an addendumto the August 15_ 1974Commentsof General Motors Corporation With
Respectto ProposedRailroad Noise EmissionStandards, Docket No. ONAC 7201002.

GENERAL COMMENTARY

General/vbtors believesthat stationary locomotive soundlevel limits of 93 dBA at at.?'
throttle setting and 83 dBA at idle measuredat 30 meters effective 270 daysfrom the r.i_re
of promulgationof the regulat_onsjare reasonablerequirements.

General.Motorsbelievesthat a stationary locomotive soundlevel limit of 87 dBA at any
throttle setting measuredat 30 metersandeffective four years from the date of"promulgaHon
of the regulatlons_is a technically feasiblerequirement, it can be aehleved on future
productionlocomotivesby the application of muf"flersand necessarysfructuralchanges
to accommodatethe muffler,

The following is a summaryof General Motorsadditional commentsto the proposedstandards:

1, Exhaustnoise Is notthe malor contributorto overall IoeomaHveidle noise measured
at 100feet; andthereforet the addlHonof a Iocomotiveexhaust muffler will not
reduce idle locomotivenoiseby 6 dBAfrom 73 dBAto 67 dBAas the EPAproposed
railroad noiseemlssbnregulation requires,

2. General Motorsdoesagreethat full power locomotive noiseis exhaustnoise
dominantand the additionof exhaustmufflers will permit the achievement of
the proposedregulationof 87 dBA at 100feet effective four years fromthe
date of promulgation,
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1. FULLPOWEROVERALLLOCOMOTIVE EXHAUSTNOISE AT 100 FEET

To demonsirate that full poweroverall locomotive noise at 100feet is controlled
b/the exhaust noiselevel, consider Figures 1, 2, and 3. Thegraphs compare
A-welghted octave band sound levels measuredat 3 feet from the exhaust
outlet and at I00 feet fro.'nthe side of the locomotive during full power (eighth
throttle) operation (radiator cooling fans not operating to eliminate their
influence) for thre0 presentproductionroad locomotives, SD40-2, GP39-2, and
GP38-2, respectively. Inspectionof theseplots showsthat a goodcorrelation for
all three locomotivescan be made betweenthe full power exhaustnoise spectrum
at three feet and theoverall 10comoHvenolsespectrummeasuredat 100feet when
a 30 dB attenuationfactor for hemispherical soundspreading is usedto correct for
the increaseddistance. Formostpolntss the measuredoctave bandlevel at 100 feet
is lessthan that predicted usingthe 30 dB attenuation factor indicating excess
attenuation notaccounted'for. When the measuredoctave bandlevel isgreater
i:hanthat predlcted_ stru,oturally-radlot_dlocomotive noise is contributing to the
overall Iocomoffvenoise.

Extendingthls correlation to analyze idle locomotive overall noisedemonstratesthat
exhaustnoise is not the majorcontributorat idle. Figures4, 5, and 6 correspond
to figures 11 2s and3 rospeetlvelyt but compareidle exhaust noise level at three
feet wHh idle overall locomotivenoiseat 100feet for the samethree locomotives.
It becomeslmmedlotely apparentuponapp/ylng the 30 dB attenuation factor to the
idle exhaustnoisespectrumthat the correlation observedbetweenexhaustand
overall noiseat full power doesnot exist at idle. Forall three IocomoHves,which
Include bolh turbochargedand roots blown englnes, the octave bandscontrolling
the overall A-welghted locomotive soundlevel at 100 feet are not exhaustnoise
domlnatedand are, In faot_ aontrolledbystruaturally-radlatednoise. Therefore,
It is technically not possibleto reduce idle overall locomotive noise wffh the
application of an exhaustmuffler.

.F-2
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2. STATIONARYLOCOMOTIVE IDLE NOISE EMISSION DATA -
TABLE 4-2 IN THE BACKGROUND DOCUMENT

General Motorsevaluation of the stationary locomotive idle noiseemisslondata presented
in Table 4-2 in the BackgroundDocument _sas follows:

Consideringonly General Motors [ocamolives and only these measurementsactually
taken at 100feet, * the mean value of the locomotive idle noise level measuremer_ts
is 68.4 dBAand the slandarddeviation is 1.9 dBA. Thesevalues agree well with
General Motors data which indicates a mean of 68.2 dBA and standard deviallon
of 1.7 dBAfor presentpraduct;on locomotive models tested. Basedon these means
and standarddeviations, approximately 74% of all Generc_lMotors locomotives
exceed theproposed level or 67 dBA al 100 feet at idle.

*Refer tbCOMMENTS, Page5t Item 2.

L F-3
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CONCLUSIONS

In summary_it hasbeen demonstratedthat application of exhaustmufflers will not allow
locomotivesto meet the proposedIdle noise level requirement of 67 dBA at ]00 feet.
Further, 74% of all GM locomotives, which account for approximately 75% of all
locomotives presently in service_ currently exceed the proposedno_selevel of 67 dBA.
Therefore, taking into consideration available technology, cost oFcompliance and the
intent of the proposedregulation to insure 100% idle noise level compliance, it is
General Motors opinion that the idle noise level requirement shoutd be maintained at
73 dBA.

F..4
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3. MUFFLER DESIGN FOR LOCOMOTIVES

This section outlines the results of a study undertaken to

design mufflers for several types of dlesel-electric locomotives.

The design process takes into account

• noise control requirements,

• maximum allowed backpressures,

• chemically contaminated exhaust flow, and

• maximum available space.

Conceptual designs are presented for four locomotives which

represent all of the types in service. The models analyzed are

• EMD GP-35 (turbocharged),

• EMD GP-40 (turbocharged),

• EMD GP-38 (Roots-blown),

• GE U-serles (turbocharged).

Design Goals and Techniques

The alm of the project was to design mufflers which would

reduce locomotive exhaust noise leve_s by i0 dBA, jet fit within

the presently available space. Muffler-lnduced backpressure was

constrained to he within 5-1n. H20 for turbecharged engines and

21-in. H20 for nonturbocharged engines. In addition, sound

absorptive treatments, such as steel wool packing or porous

plates, were excluded from consideration because it is not known

hew they would be affected by dirty exhaust gases.

Given these constraints, it was determined that best perform-

ance could probably be achieved using mufflers of the reactive

type. Reactive mufflers obtaintheir effectiveness from abrupt

changes in the cross-sectional area of the exhaust pipe, which

C,! _



tend to reflect sound back toward the source. Unfortunately,

these discontinuities also tend to generate areas of flow separa-

tion, which increase the flow resistance through the muffler and,

hence, the backpressure.

A compromise between attenuation performance and backpressure

was therefore obtained by smoothing the sharp corners at the

transition regions• This smoothing tended to decrease attenuation

and backpressure, bringing the latte_ within allowable limits

while still px.oviding lO-dBA or more noise reduction. In addi-

tion, the exit pipe was shaped into a Venturi tube, a configura-

tion whlch improves attenuation via a reduction in pipe cross-

sectional area. A schematic of the resulting design, designated

Type A, is shown in figure 3-1. Figure 3-2 shows two alternate

configurations that were also studied• Types B and C lack the

Venturi tube; Type C, however, Contains an internal baffle. A

fourth alternative studled was to increase the volume of the ex-

haust manifold; this design is discussed below in the case of

the Roots-blown locomotive.

The effectiveness of a muffler in reducing noise depends on

how well the muffler's insertion loss spectrum (whlch.represents

noise reduction as a function of frequency) is matched to the

nolse spectrum of the source. If the muffler's effectiveness is

concentrated in frequencies where little noise is being generated,

little benefit will result. Part of the design process there-

fore consists of varying the muffler's shape and volume to ob-

tain optimum noise reduction In the frequencies where the most

noise is being generated. In this study, the exhaust noise

spectrum shown in figure 3-3 was .used as a reference for muffler

design. The spectrum shown is that of a 12-cyllnder, 2000-hp

engine on an Alco 250 locomotive. Spectra for other engines may

have higher or lower overall levels, and some of the details of

the spectral shape may vary from unit to unit, but the overall

shape will be fairly constant for most engines.



|nt_,e" Tatlptpe

Flow

I

FIGURE 3-I. SCHEMATICVIE_/OF TYPE A MUFFLER.

r Type B

----"7.. .F"_'

J I "-
e,

-"-_. I_ypoc

FIGURE3-2. SCHEMATICVIEW OF TYPES B AND C MUFFLERS.

G-3

f



J
120 I I I I I t I I 1>

W

_ -

Z_

_ 8O

o _l I f J I ,, I T:,
31.5 63 125 250 500 I000 2000 4000 8000 16,000 _,000

-- OC_VE BAND CENTER FREQUENCY(Hz)

FIGURE 3-3. TYPICAL LOCOMOTIVE EXHAUST NOISE SPECTRUM MEASURED
AT 2.5 FT FRO_ OUTLET.

The muffler design procedure was to select, from among the

four described, a general muffler type having dimensions somewhat

smaller than the known volume available inside the locomotives.

The specific dimensions and the details of inlet and outlet de-

sign were then systematically v_led, and backpressure and over-

all attenuation were computed for each trial configuration. This

process was continued until a configuration was found that satis-

fied both noise reduction and backpressure constraints. Perform-

ance was expllcltly computed at throttle 8 only; performance at

Idle is discussed later.

Baekpressure and attenuation performance were computed using

a proprietary BBN'computer model. To demonstrate th_ validity of

this model, we predicted the attenuation performanse of the EMD-

designed Universal Silencer muffler and compared its actual per-

formance, as obtained from EMD measurements. The EMD data for

exhaust noise levels wlth. and without the Universal Silencer

i
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muffler are shown in figure 3-4. Subtracting the two curves

gives the muffler insertion loss, as shownby the dashed llne

in figure 3-5. The BBN-predlcted insertion loss is shown by the

solid curve in figure 3-5. The correspondence between the pre-

diction and the measurement is good except In the 200-Hz and

250-Hz bands. These discrepancies are probably caused by "some

approximations that were made in entering the dimensions of the

muffler into the computer. It is clear, however, that the pro-

gram provides a reasonable indication of a muffler's performance.

Results

We now describe the final muffler designs and their predicted

performance for the four locomotives listed at the beginning of

this section.

EMD GP-35. The space available on an EMD GP-35 equipped with

standard dynamic brakes is a volume 68 in. long (parallel to the

axis of the locomotive) by 48 in. wide by 21 in. high. The di-

mensions of the turbocharger outlet are 7 in. by 30 in. (Source:

Measurement by M. Rudd at Morrlson-Knudsen Co., Inc., Boise,

Idaho, 26 September 1974.) The muffler designed to fit this space

(figure 3-6) is a Type A muffler with an inlet cross section

of 7 in. by 30 in., a smoothed transition region Into an expan-

sion chamber having a cross section of 68 in. by 48 in., and a

Venturl-tube outlet with a minimum cross sectlon of 4.4 in. by

30 in. The detailed dimensions are given in Appendix A. The

GP-35 muffler is estimated to provide l0 dB of exhaust noise

attenuation while imposing an additional 4.5-In. H20 of back-

pressure.

EMD GP-40. The space presently available in a GP-40 with stan-

dard dynamic brakes* is a volume above the turbocharger of

eThis feature was present on 74 percent of the 1202 GP-40s pro-
duced; see EMD statement of i November 1974.

i c_5"
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approximately 65 in. by 46 in. by 20 in. (Source: EMD presents-

tion to AAR_ 8 August 1973.) The muffler designed to fit this

space is shown in figure 3-7. It is a Type A muffler having an

inlet cross section of 7 in. by 30 in., an expansion chamber

with a cross section of 35 in. by 65 in., and a Venturl-tube

outlet with a minimum cross section of 5.3 in. The detailed

dimensions are given in Appendix A. The GP-_0 muffler is

estimated to prevlde 12 dBA of exhaust noise reduction, while

imposing an additional 3-1n. H20 of backpressure.

Figure 3-7 also shows the profile of the EMD-deslgned Univer-

sal Silencer muffler. We see that this muffler is higher than

the allowable volume, and the stack outlet is displaced from its

original position. The Universal Silencer design therefore re-

quires numerous modifications to the turbocharger removal hatch

(AAR, R013). These modifications are avoided in the BBN design.

EMD GP-38. The above engines were turbocharged, so that the

exhaust stream was collected into a single pipe to which a single

muffler could be applied. This is not the case with the UP-38,

which is Roots-blown; the exhaust manifold consists of four'In-

llne cylindrical collectors, each receiving gas from four cyl-

inders. The collectors are connected to form two groups of two;

each group then has one exhaust pipe of approxlmately 5-1n. by

15-1n. cross section exiting through.the roof. To install a

single muffler, as in the above cases, would entail grouping the

four collectors Into a single manlfold/exhaust llne and placing a

muffler on the exhaust llne. Figure 3-8 is a sketch of such an

arrangement. (Source: EMD presentation to AAR, 8 August 1973.)

In general, little room is available for a muffler, especially

in those engines having three cooling fans; the third fan gener-

ally takes up the space shown for the muffler in figure 3-7.

An alternate approach is to retaID the existing exhaust
J
_i manifold design, hut to enlarge the collectors so as tO provide

_J additional attenuation. The existing collectors are approximately

ii C,9
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15 in. in diameter; there are roughly an additional 12 in. of

space available between the tops of the collectors and the bottom

of the resister grid fan. (Sources: Drawings in EMD presentation

to AAR, 8 August 1973.) The BBN-deslgned manifold replaces each

pair of 15-1n. diameter collectors with a single expansion cham-

ber having an elliptical cross section, the minor (vertical) axis

of which is 26 in. and the major (horizontal) axis, 30 in. A

sketch of the two arrangements is shown in figure 3-9. The new

manifold is estimated to give 5-dB attenuation more than the old

one, with an additional backpressure penalty of about 0.5-in. H20.

Detailed dimension and performance estimates are given in Appendix

A.

This design preserves all existing components _xcept the

manifold cylinders themselves. If further attenuation is re-

quired, a still larger manifold could be installed by taking ad-

vantage of the existing clearance between the bottom of the

existing manifold and the top of the engine.

GE U-Series. The GE locomotlves do not have fans or other

equipment above the engine; this space is therefore available for

muffler installation. On all the locomotives, the vertieml space

between the top of the engine and the maximum height limit is

20 in.; the length of this space varies from model to model. For

our computations, we have used an available volume 16 in. high by

36 in. wide by 160 in. long; the length corresponds to the U25,

U33, and U36 models. (Source: GE presentation to AAR, 8 August

1973.) The available space and the muffler designed to fit it

are shown in the plan in figure 3-10. The muffler is a Type C,

having an expansion chamber with a cross section of 16 in. by

36 in., which is separated into two segments by a plane baffle

having an open area of 300 in. The detailed dimensions and in-

sertion loss are given in Appendix A. This muffler design will

give approximately I0 dBA of exhaust noise reduction with a back-

pressure penalty of 1.5-in. H20, It should be noted that this

G-12
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muffler would protrude through the roof and thus would require

some ear body modifications.

Summary

Table 3-i summarizes the attenuation and backpressure per-

formance of the four muffler designs described above. With the

exception bf the GP-38, all the designs met thelr goals. The GP-

38 manifold muffler provided only 5-dBA attenuation, but the de-

sign did not take advantage of all the available space•

TABLE 3-1

ATTENUATION AND BACKPRESSURE PERFORMANCE
OF CONCEPTUAL MUFFLER DESIGNS

Reduction in
A-Welghted Increas.e in

Exhaust Noise Backpressure -
Locomotive Type Level-dB in. H20

EMDGP-35 TO I0 4.5

EMD GP-40 TC 12 3.0

EMD GP-38 RB 5 0.5

GE U-25,
33, 36 TO I0 1.5

[.

: The attenuations shown apply at full throttle. Attenuation

at Idle was not computed with the model, but was estimated by hand

calculations. The estimate indicated that a muffler which pro-

vides 20-dBA attenuation at full throttle Will provide 5- to

6-dBA attsnuatlon at Idle.

i' This development shows that it is possible to design effec-

!_ tlve locomotive mufflers to meet present volume and backpressure

i constraints. The preceding designs are still conceptual. They
'_ would need tO be developed further, refined, and tested before
!i
71

:J
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they could be implemented on a large scale, but that process

does not appear to present any insuperable problems,

C,-|6
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APPENDIX H

DETAILED MUFFLER DESIGNS AND PERFORMANCE ESTIMATES

This appendix contains the detailed muffler designs dis-

cussed in Sac. 3. Each muffler is described in terms Of its

phFsical dimensions and its estimated attenuation and back-

pressure performance. The dimensions of each muffler are des-

cribed in terms of successive "elements", each clement being a

cross section of the muffler having a given length and specified

inlet and outlet areas. The computer-produced tables describe

the sections as "approximately circular", although, in fact,

they are rectangular; for acoustic purposes, the two are equiva-

lent if the cross-sectional area is the same.

The additional backpressure for each muffler Is shown at

the bottom of the table of dimensions. Attenuation performance

Is shown in a second table, which displays the original and

modified A-weighted noise levels in each one-third octave band,

as well as the overall A-welghted levels with and without the

muffler.

The tables relating to the manifold muffler designed for

the GP-38 (Tables A-5 through A-8) must be read somewhat

differently from the tables for the turbocharged locomotives.

In the case of the Roots-blown engines, the existing manifold

provides some attenuation already. To estimate the effectlve-

hess of the suggested larger manifold, the baokpressures and

noise attenuation of both manifolds must be estimated. The

noise benefit of'the new manifold is then the difference in

attenuation between the new and the old manifolds, and similarly

for backpressure.

H-I



Because the absolute A-welghted noise level for the exhaust

without any manlfold is noS known, the figure of ll_.l dBA was

taMen as an arbitrary reference. The absolute A-welghted levels

shown _n Tables A-6 and A-8 are therefore not correct; the

differences in these levels between She _wo manifold designs,

however, are reliably estimated.

°H-2
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DIMENSIONS AND PREDICTED BACKPRESSURE OF. MUFFLER
FOR EMD GP-35
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TABLE A-2

PREDICTED ATTENUATION PERFORMANCE OF MUFFLER
FOR EMD GP-35

F SPL MUFF "t'L
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q_, ?f_o_ ';7.7 .?'o?
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63, 79,0 B2,9 ' ° .3 ,,9
6_, 87.5 B_,,_ '_,5 "

'1_, 1_1°_ g2,:_ 8.6
128, g9,5 66°_ 1"4,1
16Oo gq,_ '77,5 16,5
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_o 98, _t ?_,3 23,7
5_0_o 9_o5 71.8 22.7
63_3_ ° g2° c_ ?_,_ 21,8
6_. 88° c_ (55,8 22,.2

1_0_5, 82o_ 61°_ . 21P,8

V._I_I'_ ! _f_ _U_¢" L_VCI, _,_ _T_ _UFFL_f_

_.l,b ._ p_.q.q_ _'_:VF.I,_: _l_,5,qU_'_ _ A D|_T_A_I_ OF _S _T

, H-5
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TABLE A-3

DIMENSIONS AND 'PREDICTED BACKPRESSUREOF MUFFLER
FOR EMD GP-40

BYST[N PAPAMCTEp5

¥OLU_£ ¥[LOCITY • _gROD*OP CU, fT_/MIH*
_£qF£RATllP[ • aSO, DIG* r
_AX, 61AT]C P_£S$_ RPOP • _767997 IN, Of W&T£R
_ZN, _?ATIC FPL_* DPOP • *2767,g7 Z_, Or WATER

RAX* M_CH _UmS£R IN RUC_ • R*|R?

[&£W£NT _UMR_R _ I_ AN RPP_OXINATgL¥ CIPCU&A_ pZGID _AW_ITION*

fl_X* KACN f_q£_ IN RUCT• a*|6R

L£NGTK • |*_0 |_,

_* _ACH _MB£_ |N DUCT • _*|S$ •

_A£* MACH N_NR£_ I_ DUCI • O._e_

_£|GHT m _5,_U |W,

_&[N_N_ _UMn£_ 6 l_ £_ RPPROXIMAY[&_ CI_U&R_* RIGID T_AN_¥_O_,

H-6
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TABLE A-3. (Cont.)

+

_CMUNT Wt;MeEm T 15 AN A_pROXI_AT£LY CIpCULARe 61DID TSAN_ITIDNe
L[NGIH • e*?5 Iqe
ASCA Or IWLCT • |15,e6 _gg INg
ASUA OF OUTL[_ • , |_9.SB aO* ZNe

BAX* MACH KU_a_R IN DUCT • 0*|96

_LEM[NT NUWS[R O IS AN APPROXZKAT£LY CIDCULA6# SIGID TS_NS|TIOS*
LLKGTH • U*?S l_*
APUA Or /NL[T• ' |gUeSO SO* IN,
ANUS Or OUTLET • ISU,S_ SO* IN,

MAX* SACH MUM_6 Ifi DUCT • 8.241

[_C_t?6T flUMSER g ZS A R£CTAnGULA6 1USE,
L[NGTfl • '1008 IN*
NLIGXT • 6._ IN*
W1DTH • 26,U0 IH, * '

ALL TflU WALL5 APE WIelD,
#AS, 6ACN _U_B[6 JN DUCT • D,_41

[L[M[NT 6UW_Cm |D US AN AFSMOXIRAT[LT ¢IPCULARo P|G|D TSANIITION*
L[NUTM • I*Sf IN,
ASEA Or IH_[T • JSg,_f 60, IN,
i_UA UY O_TLET • ||9,PD UG4 _N 8

SAX, PACfl hU_UCM |N DUCT • 8,141

[LtWENT #U_B£6 |l 15 AN APp60_|_A_&T CI_CULAn_ MIG|D TMAN$1TION,

SG_A _r I_CT • II_,UU 60* IN,
SSCA ON OUTLUT • _lg*_ SO* ]NI

_A_ NAC_ SUNDER lh DU¢_ • e*|U7

_LC_FN_ nuq_C6 I| 1_ & 6[CTA_CDLAM TD_C,

H£1GK1 • g,_O _tf, "

SL_ _#[ k_LL6 _PC 6UGID*
_AX* SAC_ I_U_BC6 IW DUCT • i,t4S

CALCU_IUD _$ATIC PS_iUP£ DSOP'o ),|S |S, O_ _A_[_

. _-? ,"



TABLE A-4

PREDICTED ATTENUATION PERFORMANCE OF MUFFLER
FOR EMD GP-40

T $_ _VFT 2L

25, TI,_ 69;_ 1,6
32, ?_,: TP,3 .e,3

"63, 79,_ 80',2 .I',2
8m, 87,5 B1,5 6,B

lg_, 1_1,_ 8g.9 11,1
126, gg,5 8U_5 15,_
16B, 9_,_ _5;9 18,1
2B_. 96,D _S_7 .2D,3
25B, 101;5 BP;2 21,3
32Dq I_3,0 62,C 2_,2
;B_, I_3,_ _9,I 1;,9
5B0, 1_,_ 0_,9 9,I
63B, I_3,_ 93_5 9,S
86D, 103,_ 90,0 12,2

ID03 123,9 _G,n 15,_
12S_ ' I_3,_ OS, l 16,9
16p_ I_W_ 95,6 18,2
2PD9 I0_,0 0_,7 , 19_,3
25D_, ' IO_;D 63_1 20,9
32_ 1_1,_ 6t;5 19,5

_B8_ 9W,5 ?_,g 19,6
&3_, 92,_ T2_ 10,2

SPS"{OV£BAL) • t14,! DBA

_UFF $ _O_ND pRESSUB_ b£V_L (DB_) WZTH HUFPL[R.
BPL I _ n _ "_ HITH HO HUFFLE_
Ib I _UFFb_B INSERTION LOSS (DB)
_UFF(OV_PAL) ! OVERALLDBA H1TH _UFF_ER
_P_ (OVER;I,) I OVERALLDBA WITH _0 HUFFLER

Ab_ 60U_IO PRE_SUPE'LEVCbS HEASUR£DAT ; DISTAtlC£ OF 2s5 FT
FBOH THE LOCOHOTIV£ EXHAUST_ACK, '"

H-8
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TABLE A-5

DI_E_S[ONS* ANO PREDICTED BACKPRESBUREOF EXISTING
HANIFOLD ON EMD GP-38

YU_UMC_CLOC_T_ • IS_D.¢¢ C_, T%IKIU,
T[NpC_ACU_C * ISB¢ U_G_ r
_kX_ STATIC DPCSS_ DgOP • _1{1*91 IK I or WLTUR
MIN. aT_T_C PAg$5* DJDP • .2762.91 |N. or WAT£R
KAXZNUN_ACH NUP_ • |jgCO
[XI? CO_DCT_OW$_ r_£¢ rI[_
C;_UIHt pEF_gCflON COUrt, • ,ace

• IDUND Y£bOC_Tye Jir ¢ J/IO$dJ rP6

f_£ TOLLOWi_O Eb£MEMf_ A_C U_CD |N T_|_ CX_£, ,

Cb£N£Nf NUHD¢R I IS A MCCT_GU_R TUB[,

WIDIH ' I¢,¢0 IN,
A_L T_C Wlb_$ A_C RIGID.
_AX, _ACH NUHaEA IN DUCT • ¢,121

TLE_¢_T NUND¢_ | %_ AN APPMDXIHATCL¥ CIrCULar, MIG_ T_W_|TIO_,

APEA Or INLet • IPD,¢O DO. IN,

_kX, _C½ _O_l[_ |14 g_CT s /*ill •

[b¢_¢Nf NUN_¢_ i %SAW AFFPOX%N_T¢5¥ C_XCU&Ane AZGID f_A_pZTIO_,
LCNGT_ * g(_D _*
A_¢_ Or l_tT • it¢,eP 5Q* t_*
l_Ck QF OUTbCt • 12_O,eO DO* IN,

_AI* _kC_ _U_D[P IN DUCT • ¢,¢3_

' CL£_E_f NU_¢M 4 i_ AN &Pp_OXlMITCGT C%ACU_AM, R|¢|O T_A_T¢ON,
L£NGTH • I+## _N_
IMCA or i_L£f • 121l,Co _O, Z_.
_¢A Or OUT,E? • 641,#0 60, |_*

_XX_ _ACH N_OCM _M DUCT • O,Pl¢

CbgN£NT NUNI£R S %_ A_ APPrOXIMateLY CIRCULAR_ _IDID T_ANIXTXON.

AMCA OF |NS[T • 6Ql+DD _, Z_.
l_C& or OUT_[t . IpS,FD _O, %N.

• N_, M_CN NU_UEP iN _UCT • l,l_

LECG_X,* _,Ia iN,
DUIOHT • 1,00 iN,
VIDEOS• 15,¢a I_+

_£L TNC _ALL_ ART AIDED,
_AX, NAC_ _g_gM l_ OUCf * l,lll

CALCULaTeD _T_TIC e_¢_PU_¢ D_OP • _14 I_. Or Water

*Dimensions correspond to an acoustically equivalent analog of
the mani_o!d ra_he_ than the actual unit.



TABLE A-6

PREDICTED ATTENUATION PERFORMANCE OF EXISTING
MANIFOLD ON EMD GP-38

p 6pi, MUPP Ib

2S, 71,0 76,4 -5,4
32_' 70o0 79,9 -999
40. 70,0 74.3 -4,3
SO, 89.0 85.9 3.1

.63, 79.0 ?0,5 8.5
80, 87,5 74,8 12,7

1_0. 101.0 85,8 16,0
|20, 99.5 81,3 10.2
160, '94,e 75.4 98,6
200. 96.0 80,g 15.J
2S0, 101,5 , 90,_ 11.2
320, 1_3,e 83,_ 20,0
400. 1_3,0 04,8 18,2
500, 100,0 g5.4 4.6
030. 10),0 92.5 10,5
800. 103.0 89,3 13.7

|000, 10),0 91,2 Z1.0
1259, 103,0 86.1 16,9
|600, - 104,0 07.7 16.3
2000, 104,0 87.0 17.0
2500, 104,0 a5,5 98,S
3200. 101,0 02,5 lO,s
4009, g8,0 78,! 19,0
5000, 94.5 74,0- 20.5

"6300, 92.0 71,0 29,2
0990, 00,e 98,4 19,6

lmOO9. ' 02,0 63,5 10,_

HuPr(ov[pAL) • 1_e,9 PeX
_PL {OV_eAL) m 114,1DBA

MUYP I SOUNDP_SUR[ L[VEL (DBA) _2TH MUrPL[_
6Pb I " n m " HITI( NO HUFFLE_
|L I _IIPI'LEB INSERIIO_ LOSS (P9)
HUF_(OyER_I,) I OVERALL DBA _]TH MUPPL_R
OPL (OV£RAL| I OV_BAL&DBA WI?H NO MUFFLER

ALL OOU_DPpE_UPE LEVELS _EA_UR_D AT A DZSTAHCE OP 295 F?
r_O_ T|(£ LO_O_OTIV_ £XHAU_T 6TACK,

H-IO
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TABLE A*7

DIMENSIONS* AN'D PREDICTED BACKPRESSURE OF SUGGESTED
MANIFOLD MUFFLER FOR EMD GP-38

_Y_TE_ PARAR[_ER_

YO&D_[ Y[LOCIIY * _DeO,_ CU, rT,#HIHI
II_P[RAIUB_ • 15_, P£G, P ,
_AR_ 5?AT2C PP_$JI DRUP * 2_6),97 IW, Dr wRIER
_|N6 }TAT1C FR£$S, DROP • ,2767j97 IN, OP WATgR
_AI|WVN NACH _""_[P • ll_a
EXll ¢OROIILQ_St TR[C rtKbD
[IIGIN_ R[FL£CTION {Q[rr, • ,D_D
_OUND VILOCIITe )_r • IDeI_O0 rps

Tfl[ rO&LOW|IIG EL[RIHII APE DSID |R THI_ EAa_,

I&EM£NI IdDPDER I J8 A R£CTANGD&AR_UBE,
LEHGTH * 11_0 IN*
HEIGHT • I_m_ IH,
W]bl½ w tl,_ |Re

_34 _Cfl NDND£_ l_ DUCI • I*!_l

[_I_[N_ _U_BER _ I_ _N APPROXImATeLY CI_CULAR_ RIGID TR_#_IIIO_*

_P£A Or INLET • I_P_B_ _O* IN,
_REA _f DUILET * D]6_BD LO, Z_*

NAIe RAC_ _URB£R IW DUCI • Oe|_l

_LE_[NT WU_D_P 3 l_ DR APpROX_RATELy CIR{_L_, RIGI_ _#_I_ID_,
££RGTN * It,D l_,
_R[A Or INL[I • #)6,00 _, IN,
&PEA Or OUILII • _156,DO _0, IN,

_A_, _AC_ NU_BE! I_ P_C? • _t#14

£L{R{_ hUND[_ 4 l_ AN APp_II_AT_L_ ¢X_CU£AR_ R]_I_ rAAN_X_XO_,

A_EI QP |NL£_ * _6_6,g0 _O, IN,
_REA or DUTL_I • t)4,PD _D, I_,

1 _&_EN_ NDN_P _ 1_ A_ AFP_OEI_AI(L¥ CI#CULAn, PI_|D IR_N_I/ION,

_A or |NLET • P]6,PP _, IN,
_[A Or OUTLEY • ID$,8_ _, IR,

_A_,.NAC_ _UND_P |_ DDCI 6 I,l_

I&%NI_I _UW_I_ _ I_ _ RICIAHGULA_ IUDE,

_ClGfl_ • l_l IN t

ALk rN£ WALL_ A_£ PlGID,
_AEe N_C. _UnSER _ P_CT • |*1_

CALCU£AI£D OIATZC PRII_UA£ DAmP • lell I#, Or IATIR

O_

•D1menslons correspond _o an aoous_ioally equlvalen_
_h_ m_nlfold muffler _,a_he__han bhe unl_ as Installe_.

H-_J



TABLE A-8

PREDICTED ATTENUATION PERFORMANCE OF SUGGESTED
MANIFOLD MUFFLER FOR EMD GP-38

F OpL MUFF )L "

25, ?I,B 77,3 -6,3
32. ?8.0 67,3 2,?
40e 70.0 61,3 8,?
50. 89,0 75,5 13,5
63_ 79,0 61,4 lT,6
Be, 87.5 66.4 2I,!

100, 101,0 ?7,2 25,0
_20. 99,5 74.0 )S,S
160. 94.0 60.7 25.)
280, 96,O 75,0 21,8
250, 101.5 85,3 16,2
320w 19),0 00.7" )2,3
400, 103.0 87,2 15.8
599. 100,0 87.3 |2.7
639. 103.0 65,1 17,9
809j 193,0 0400 |Or)

1000 103,0 05.2 t7,8
1250 103,0 66.5 16,5
1600 104,0 0504 16.8
2000 104,0 0].5 20.5
2590 104,0 . 82.7 21,]
)200 191,0 79,3 21,?
4009 08,0 75,0 )3,0
5000 94,5' 7%.5 23,0
6390 92.0 88,9 23,1
8009 08,0 65.2 22,0

i0000 82.0 89.5 21,5

_UrF[OVEPAL) = 96t1 DBA
6PL |UYEMAL) m 114,1 DOA

Hurt 1 OOUND PRESOURE LEVEL {DBA).W_TH MUFFLER
OPL. t " n e " HXTX hO MUFFLER
i_ l MIIFFLER IN_EMTXOII LOSS (DB)
_UFP(OVERA_.) I OVERALL DBA WI_H _UFFL£R
_Pb (OVEMAL) I OVERALL DBA WITH NO MUFFLER

ALL OOUND PPE_SUP£ LEVELS H£A_URED AT A DIOTAtlCE OF 2,5 rT
F_DM TII£ bOCG_OTXV_ EXHAUST 5TACK,,

H-12



TABLE A-9

DIMENSIONS AND PREDICTED BACKPRESSURE OF MUFFLER
FOR GE U25, U33, and U36

|TST£P PARAH£T_R_

• ¥OLUw£ _rLOC_TT • |S_OieB CUD YT,#HIH*
T_MP£PAIIJF[ • OSe, DIG* r
MAXo $TkT|C P_$$* D_OP • 2767.q? ZN, Or W&T_R
m|N* _TATI¢ F_CS$o DPOP m u_767*91 1_* or WAT£A
_AXXWU_ PAtH IIU_p • |*_l
_X|_ CQ;ID|TIO_;Sl r_[[ rICAO
[hDIIl[ _VL_CTIOh court, • ,Ioo
DOUNDUFLOCI?Tg 32r • |DiODeS rP_

T_C _O&AOWIND CLC_C_T_ _[ U_CD IN T_I_ CAS£,

CAt_C_T _U_B_ I l$ _N _PP_OXX_AI_LT CI_UAA_ PIGXD TRA_DXT|ON,

S_(S 0_ INL£T • ItS,ld _O* IN,
_[_ or OU_LtT * lie,ca 50t I_.

RkX, MACNhU_O&_ _ DUCT • D*_OS

CAtX[UT rru_[_ _ _D AW _F@POX_AT[A_ CI_CUA&_, R|G1D T_ANSITIDK_
L[NG_H • 4*|0 |N u
AP[A OF ]_£T • _|D*@O DQ* IN,
&P[A or OUIL(T • 3_0,80 D_ IN,

_SXe R&¢_ _UMPOR IN DU_T • |*|_|

K_DNT _U_OP I T5 _ APP_OXIMAT£AT DIFOU_R* RICID TPAN&|TIOU|
A_GIK • 0,01 |N,
APE& D_ INL£_ • )OD,$O _O, |N,

_AXt _AC_ _U_BOU I_ DUCT • D,L|)

ULCM£UT n_l[_ _ IS A R[C_ANGULAU _UDD,
_[NGI# • 4_,_g IN,

_A_ THO uk_ APC _IDID,
_A_, #ACH _tl_O[_ X_ DUCT * i,DSU

tA_MC_T OD_C_ _ ID _X APPDOX_TC&T CI_CO&AR, RICID T_AN_IT|OU,

IB[A or |NAOT • DTi,e| S_, IW,
A_DS Or OUT&ET • )DD,@O DO, IN,

CACNKmTauv_cn _ Is _ _pp_oX|_AT£AT ¢IFCUAA_# p_GID TDANU|T|ON_
LC_DT_ m O,_ IN,
AB_& Or |NL[T • |00,iS S_* IN,
&_[S Or OUT&IT • SlS,O_ DU, Ix,

PAX, MAC_ _U_[_ IU DUCT • ' Do|l)

H-13
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TABLE A-9. (Cont.)

_L_N[rlT kUVB[_ ? |$ 6 _CT&NCULAR 7DBCm
L[NGTH • |n,RO 1Ha
_£|GHT • ]6o_ lNt

• m2D_H • 36Q0_ Zks
AL_ _HF WAL_ A_[ _IGZOa
MAio K_Cfl _UKB£p |N PU_T • g_DS9

ELE_NT NU_£_ | IB AN APPROX_MAT£LY CTPCULAA_ _|G|D TRAMaZTXONg
_tNGTN • _Q_l XN_
A_A or I_L£T • S_Ss@_ $_1 |N6

_AXs N_C_ kUM_£_ lh DUC? • ' _s |]

A_A Or _UTL_T • _SaiO_ _Oi _

_hGTN • 4s_e _ffm

_PEA Gr OuTLet • )|o_to _G_ _g
_AXs HACn _;U_F£_ ]H DUC? • _l|It

HEIGHT • ||l_a |_l

_X_ _A¢_'_U_J _ DUCT • mstl|

CALCULAteD _JT_C _P_|U_E ©_DP • . |o4| |_s _f tAYER

H-14



TABLE A-IO

PREDICTED ATTENUATIOff PERFORHANCE OF MUFFLER

FOR GE U25, U33, and U36

r sPb .HUFF Z_

25, ?_eO 82,3 -|I.3
• 32, ?O,U 71,1. -1,1

4U, 70.0 65,5 4.5
5U, 89.0 81,6 7,4
63. 79,0 71,7 7,3
60, 87,5 e4,3 3,2

SOU. 101,0 91,7 _.3
120. 99,5 87.3 |2.2
160, 94,0 07-,4 6,6

. 200, 96.0 84,5 11,5
250. lOJ,S 100,5 1.0
320. |03,0 Q8,2 4¢8
4000 10300 9102 11.8
SOU, lOUoe 9_.2 9.8
_30, 103,e 89.1 13,3
808, 103.e 87,7 IU,3

|OGe, 1_3,0 83,9 19.1
|256, 1_3,0 81,3 21,?

.1600, 104.6 8e.6 23,4 '
,2000; I04,0 ?9,0 26,0
2500. 104,U 77,3 26.7
3200, 10t,0 73.1. 27,9.
4000, 9O,d 70.2 27,8
5000, 94,5 66,7 27,U

•_-6300, 92,e 6S.7 26,3
8000, 88,H 65.4 33.6

|0000. 82.0 62,5 19,0

_UFF(OY£pAL) = 104,1 DUA
_PL {OV£_AL) • 114,1 DBA

'" HUFF ! 6OUHD PRESSURE LEV£L (DBA) WITH MUFFLER
6PL I n . " " _ITH NO HUFFLER
|b I MUFPLEE %NSEHT20N LOSS (D02

"HUFP(0VERAb) ! OVERALL DBA WITH MUFFLER
6PL (OVERAL) I OV[RALL DBA HICH NO HDFFLER

ALL SOUND PREUSUR_ L£VEL$ MEASURED AT A DZSCANC£ OF 2,5 F¢
rRoM _u£ LOCOHDT/V_ EXHAUST 6TACK,

FI-15



Appendix I

SPACE AVAILABILITY FOR MUFFLERS INSIDE LOCOMOTIVES
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NOISE LEVELS AND SPACE AVAILABILITY

In this section, we summarize addltional locomotive noise

level data acquired during the course of this program and discuss

space availability for the installation of mufflers on a range of

locomotives. This information is based, in large part, on a num-

ber of field studies that are discussed in detail in Appendices

B, C, and D.

Addltiena] Noise Levels

Table 4-1 provides Idle and throttle 8 data on noise from _2

locomotives. Several measurements were taken.at sites that were

usually nonideal because of the unavoidable presence of reflect-

ing surfaces such as cars, other locomotives, and b_ildlngs.

However, the data are still of value in that they represent upper

bounds to clear-site locomotive levels.

Space Availability

The principal factors to consider when determining the space

available for locomotive mufflers are: (I) clearance space

around and within the locomotive, (2) backpreasure generated if

exhaust is ducted to remote locations, and (3) visibility.

External clearance profiles have been established by the AAR

for various levels of service interchangeabillty Of locomotives

and cars among various railroads and routes (Railway Equipment and

Publication Co. 1973). The tightest clearance profile which

• allows for unrestricted interchange service is shown in figure 4-I

The dimension of greatest interest is the overall height of 15 ft

1 in. because of the above-hood location appropriate to many ioeo-

motives. A less stringent standard height of 15 ft 6 in. is suit-

able for use on 95 percent of total mileage in eastern railroads.

C4
:i I i-I"



TABLE 4-1.

SUMMARY OF STATIONARY LOCOMOTIVE NOISE LEVELS

Nolze Level at 100 FC .

Loc0mot lye Lo_ld
Mfr/Mode I 0|vice Ambfent Idle Throttle 8 Source

;_ClP-9 Load Call 67t dBA 89 dBkI Appendix B

)_OP-30-2 Sell" Load 66.5 dBAt 9_ dBkI Appendix C

;M/OP-9 Load Cell 69 diAI 89 dBkI Appendix C

ff.W/M-_201 _.oad Cell 6§ dBAL 87 dBAI Appendix D

IO_/U36C Sell" Load 57 d]_A 68 dB^ 87 dBk state or
Road No, 33_ New ._eraey
Racod 3600 hp

G_/U_6C r.oad Ce_.l 5_ dBA 6a dBA 90 dBA $ca&e or
Road No, 3_3;_ _ew Jer'_ey
]Sate_ 3600 hp_
A_d_l _5_ hp

_E/U3_4CH _ Lomd Cell 57 dBA _0 dBkI 87 dBA _c_ce _C
fload NO, ]_SB New _er_ey
P_ed ]_35 hpl
Actual 3_97 bp

0_/_t)_§-_ Load C_11 _0 dBk _6 d_k 91 _BA _ca_e c,_
_old No, ]_80 _nw Jerae
Ra_ed 3600 hp
Actual 38 O hp

I]E/U_SB Load C_11 _l _BA 70 dBA 9_ dBA $_a_e o_
Rold HO, 2502 N_w Jer_e

Ae_ual _375 hp

A1_o/C_2_ t.oa_ Cell 65 cIBk 72 dBk _9 _k _ _Ca_e o_
Road _o, "_05 Kew Ja_ae¥

(Bu_l_lnl_)

aE/U3JC _,oe_ C_11 60 dBZ 69 dBA 90 dBA _ta_e _f

_tu_ 3278 hp

Oiq/OP:.9 " LO_d C_11 _1 dBA 6_ dBk 9_ dBA S_a_e o_

fl_od 1750 bP_
Actual 1_78 hp

OK/_-_]_ Loa_ C_11 _9 dBA _9 dB_ 66 dBA [.qc_e or
_oad _o, '_556 _ew Jersey

Actual 2_1_ I_p

II_on_d_&l &_llt |1_0 uluall¥ bo_luJ| o_ llound-r_lec_ln_ obJec_ wl_hln 100 ft

J_b0 _ont_|&| _como_lw Workl_ N-_l_Omodlel 1| vtr¥ i_ml_a_ "to the A1¢o C-_O
|Qr_e_o

_AC _50 rt_m, _1_1| lo_oem_lvo oan _l_v_ _hr_e ldl_n& _or_l_lonm depend_n_ on the

_h|l tglt eon||d_r_ed flo_ _epro_|n_Jl&$vt |_t_t t_lt gl_l_lne _&_l ,'to& developln_
_11 pones,

i¸ 1-2





Western railroads often use higher equlpmen$. For example, the

Burlington Northern operates 0P-38 and GP-40 ioeomotlves that are

6 ft from toprof-rall (Burlington Northern Railroad Co.). Since

the 15-ft 6-in. clearance height applies so widely, it is the one

we shall use In evaluating the above-hood space.

Baokpressure mequlrements ape usually sufficiently stringent

to preclude remote ioca$1on of mufflers at the ends, or possibly

the sides, of. locomotives. Baokpz.essure accrues from flow through

the ductlng from the top of the engine to remote looatlons, Ae-

oordlngly, we eonslder applylpg mufflers only abbve the engine,

either above or below the locomotive hood.

It is generally stated that switchers need their low hoods

for visibility and that mufflers would interfere with this vls-

ibillty. Yet visibility does not seem to be an essential factor,

as is shown by the frequent use of hlgh-hooded OP-7. and GP-9 lo-

oomotlves as swltehers. Also, the volume of the muffler can be

distributed over the length and breadth of the hood, so that the

vertical dimension need not be large. For example, a muffler

having the same volume as the Maxim MSA-1 for a 12-cyllnder EMD

645E engine (42,4 ft _) could be built to have dimensions of 5 ft

in width, l0 ft in length, and less than a foot in height. Such

a muffler would easily fit over the hood of an EMD SWIS00 swltoh-

er with mlnlmum vlslbillty'Interference.

One of the very real problems of evaluating space availabil-

ity is the large numbe_ of locomotive types. Before conslderlng

many of these types dn detail, let us consider some of the gener-

•al geometries of road- and swltcher-type Units.

The most eo_oh road locomotive Is the hlgh-hood type, wlt_

a cab that protrudes on each side for purposes of fore-and-aft

vlslbili_y. An example of this type of locomotive is the General

Motors SP-9, shown in flgure 4-2 (Pinkepank, 1973). These locomo-

tives have only llmlted space above the hood for the Ins_allatlon

of mufflers.
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Reprlnted wlth permission _rom the Second Diesel SpotteP's
Guide, Jerry A, Plnkeparlk, _ 1973 by K_ir_b_ck PublishinE Company,
M11waukee, Wl. Photo by Louis A. Nacre.

FIGURE 4-2. GENERAL MOTORS GP-9 LOCOMOTIVE.



A second type of road locomotive structure is represented by

the General Motors FgA locomotive illustrated in figure 4-3. Al-

though this locomotive is more streamlined than the GP type, it

does not have rearward visibility and cannot easily be run back-

wards. Accordingly, it has not been popular and has been out of

production for about 15 years, although about 1500 of these loco-

motives are still in service. The F-type locomotives also have

limited above-load space for muffler applications.

Switcher locomotives are quite another matter. The General

Motors Sw.1000 switcher, illustrated in figure 4-4, shows that

there is nearly 3 ft of vertical space above the hood (Burlington

_Northern Railroad Co.). There is also a_substantlal amount of

space rearward and laterally.

•A detailed evaluation of space availability is given in

Table 4-2. This table applies to locomotives in service at the

beginning of 1974; the population data were obtained from Osthoff

(1974). Note that switchers m have from 2_ to 4 ft of height

above the hood, which is adequate for the installation of muf-

flers. Certain road locomotives such as She GP-9 have as much as

2 ft of space above the hood for which a muffler could be de-.

signed. Also, some of these locomotives have below-hood space

for an expanded exhaust manifold that would reduce noise emis-

sions.

The preceding discussion of available space is based largely

on inspection of the interior plans of a large number of locomo-

tive models and, in some cases, on visual inspections of the lo-

comotives themselves. _n all cases, Judgments of space available

were based on the locomotive configuration as delivered by the

manufacturer. It is possible that some locomotive users have

modified the internal arrangements of their unit_ in ways that

O0M designation NW and SW; Alco designation S and RS.



Reprinted with perrnlsslon from the Second Dlese] Spotter's

Oulde, Jerry A. Pinkepank, _197S by Kalmback Publishing Company,
Milwaukee, WI. Photo by Louis A. Matte.

FIGURE 4-3. GENERAL MOTORS F9A LOCOMOTIVE.
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FIGURE 4.4. EMD $W. 1000 - 1000 hi) LOCOMOTIVE.

would hamper muffler installation, such as by rerouting cables or

piping. Such components would have to be moved to permit muffler

installation. The number of locomotives in which this may be a

problem is unknown; it could only be determined by a detailed

unlt-by-unit survey.
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TABLE 4.2

LOCOMOTIVE SPACE AVAILABILITY ARD POPULATION

Space for Muffler
Length/_IdthlHelght No. in

(Dimensions in Inches) Service I
as of

Model Under Hond Above }lond ' 1/1/74

EMD _IW2 -/72/42a(_6)

NW3
NW5 -/72/42_(_6)

SW1 -/72/,62(16) 68h

sw8 -/72/,2:(_6)
5W6OO -/72/,22(_6)

SWgOO -172/,02(_6)

6W7 -/72/_2z(±6)

SW9 -/72/_22(±6)

SWIOOO _/72/35Z(il/2) 2626
$W1200

w1500 -/72136'(t6) 685

F3 -/8"/182(_6)

F7 -/8"/17m(tl/2) 36"5

OPT Enlarge exhaust -/8h/19_(_1/2)
mandfold tQ
27 dn. dia_.

SD? Enlarge exhaust -8,/19=(±1/2)
manifold to
27 In. dlam,

F9 -/8_/17e(tl/2)

0_9 Enlarge exhaust -/8_/24Z(tl/S) 3884
manlfold to
27 ln. dlam.

SD9 Enlarge exhaust -/8"/iBe(t6)
man_fold to
S7 In. dla_.

.QP18 -/8,/24=(t6)
0P28 _OO

0P38 Enlnrse exhauat IneuCClelent _
manl£old to
27 in. ddam. 1886

_D38 Enlarge exhaust InsuCClclent _
manlrold to
27 ln. dlam.

OP2O -/8_/182(t6) 200

_D2_ -/8_l _s 295
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TABLE 4.2

LOCOMOTIVE SPACE AVAILABILITY AND POPULATION (Cont.

EMD OP30 37/72/36 | InBufflclent }
SDSO 1196

0P35 36/72/32 _ Insuffialent _

SP35 1583

GPS9 Insufficient 3 93

UP40 48/72/32 s -/8_/182(±i/2)

SD40 _8/72/321 Insufficient 2702

FQ5 Insufficient*

SD_5 88/72/38 s insufflcient_ 1852

OE U25 163/35/16_ 552

U28 183/35/164 201

U23 130/35/16_ 287

U30 163/35/16_ 677

U33 163/35/16_ 522

U36 180/35/16_ 63

UI8 97/35/16_ 65

USO 183/85/16_ 60

Aleo 31,$3,

$8,S2,S_ -/-/48 80

RSI,RSDI 579

T6

RS2.RSC-2 -/-/30

FAI,FB1 llh

RS3.RSD5 -I-130

FA/B-2

RSII,12 i_4/_2/2_ i 362

0_20

DLI09 i_/_2/2_ _ 156

PAl
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TABLE 4.2

LOCOMOTIVE SPACE AVAILABILITY AND POPULATION (Ooni_.)

RSDI5

0424. 144/42/246 i07

0425 144/421246 84

0628 192/42/186 .131

0630 192/42/186

0430 144/42/186 81

ISource: Osthoff (197_).

_Estimated from diagrams in Burlington Northern (undaSed).
Numbers in parentheses designate estimation tolerance.

3"Insufficient" is used when space above hood appears to be
12 in. or less.

_Strietly speaking, this much space is not available under the
hood. The center section of the hood would have to be raised
to accommodate a muffler.

SEstlmated from diagrams in Burlington Northern (undated) and
General Motors Corp. (1974). Extended range dynamic brakes
are discussed where appropriate.

6Obtained from drawings supplied to BBN by Montreal Locomotive
Works, Montreal, Canada.
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Appendix J

LOCOMOTIVE NOISE MEASUREMENTS TAKEN IN CONJUNCTION WITH HARCO
MANUFACTURING COMPANY AND ADDITIONAL MEASUREMENTS



APPENDIX

MEETING WITH HARcO AND LOCOMOTIVE NOISE MEASUREMENTS

On Tuesday, 21 January 1975, several EPA personnel* and Dr.

Erich Bender of BBN met with Mr. Frank N. Harrls, Manager of

Harco Manufacturing Co., to discuss Harco's activities in locomo-

tive silencing. We also measured the noise of several Union

Pacific locomotlves under various conditions. In this appendix,

we (i) discuss the noise measurements of a GP-9 locomotive in

three exhaust-silencing configurations, (2) present noise data on

a GP-38-2 locomotive, and (3) identify some salient aspects of

Hareo's productive capacity.

Noise Measurements - DP-9

During the afternoon of 21 January 1975, noise measurements

were made on a Union Pacific GP-9 locomotive (#246) in the Union

Pacific yard on Swan Island, Portland.

Test Site. Figure C-l is a sketch of the test site. The

locomotive was connected electrically to a General Electric load

ceil, and the microphone was located 100 ft'from the track cen-

terline between two parallel rows of truck trailers, spaced about

82 ft apart. The large end wall of a locomotive shop was located

approximately 50 ft from the locomotive, am indicated. The day

was clear, the temperature about 50° F, and the wind very light.

Because of the shop wall and trailers, this site is not suitable

for certificatlon-type tests but is appropriate for comparative

tests of mufflers.

*Dr. Alvin Meyer, Mr. Henry Thomas, Dr. William Hoper; Mr.
Jeffrey Cerar.
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FIGURE C-1. TEST SITE.

Instrumentatlon. For all measurements on this locomotive,

A- and C-scale levels were read directly from a P&K Model 2203

Sound Level Meter equipped with a B&K Model 4145 1-in. microphone

and recorded (linear scale) for subsequent analysis of a Kudelski

Model Nagra III tape recorder. Before and after 'the sequence of

measurements, the system was calibrated with a B&K 4220 piston-

phone.

Mufflers. The performance of two different muffler types

, was investigated. The first mufflers, called "snubbers," are

sketched in figure C-2. They are designed to fit between the car

body and the engine. The exhaust gas flows through a perforated

sheet metal liner into a cylinder and back through the perfor-

ated metal before exiting. The second, called "cross-mounted

: J-2
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F]GURE C-2.. ISNUBBER-TYPE HUFFLER,
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mufflers," are designed to flt above the car body but within the

clearance envelope. Figure C-3 Is a sketch offthe outside of the

cross-mounted mufflers. Their operation is similar to that of

snubbers In that all of the flow Is forced through a perforated

innerlining.

It should be recognized that the snubber type of muffler in

which exhaust gases are forced through perforated material is

generally not used in other engine silencing applications. The

reason is that substantial backpressures are generated. Muffling

is done more efficiently by allowing the bulk of the exhaust gas

to flow through a perforated tube, which attenuates sound because

only little flow passes through the perforations (see sketch

below).

/MUFFLER SHELL
/" 'PEFORATED

[__;_-
.... FLOW
,,p

r ...................
Cost Estimates. Although costs have not been estimated by a

detalled manufacturlng analysis, Mr. Harris offered the following

estimates:

snubbers: less than $500 for a set of 2 required for a

single locomotive
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FIGURE C-3. CROSS-HOUHTED HUFFLER.



., cross-mounted: about $750 per locomotive, or about $I000

per locomotive when integrated wlth spark

attesters.

Life Factors. Since Harco's locomotive mufflers are still

developmental, data are not presently available on their durabil-

Ity. However, several observations were made on spark attesters,

which attach to a locomotive stack in much the same way as a muf-

fler. First, the primary source of failure appears to be fatigue

of flat sections, which resonate. The cure Is to raise the reso-

nant frequency by means of stiffeners or by curving each sheet

metal element. Corrosion occurs on the outside and only if

painting Is not performed wlth sufficient frequency. The inter-

ior tends to be protected by an olly coating generated by the

engine. Harco personnel expect their spark attesters to last a

minimum of 5 years.

Noise Data. Noise levels for the locomotive equipped with

mufflers were measured at all throttle settings; only throttle 1

and 8 settings were tested with the unmuffled locomotive.

A and C scale levels for all noise measurements are shown in

_flgure C-4. The following observations may be made:

i. The snubbers provide virtually no noise reduction com-

pared with the unmuffled locomotive. In fact, the A-weighted

level at throttle 8 is actually higher without the snubbers than

with them. The reason may be that one set of doors on the loco-

motiv_ was inadvertently left open while the snubbers were being

measured. These doors were closed during tests with cross-

mounted mufflers and wlth no mufflers.

2. The A-welghted level increases more rapidly than the

C-welghted level with inereaslng_throttle setting. The reason is

that as the engine operates at increasingly higher speeds, the

noise and vibration shift to higher frequencies where less atten-

uation is provided by the A-welghtlng network.

J-6
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FIGURE C-4. PERFORMANCEOF HARCOMUFFLERS AS A FUNCTION OF
THROTTLE SETTING.
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3. The cross-mounted mufflers'enable the locomotive to meet

the proposed 87-dBA throttle 8 standard, but exceed by 0.3 dBA

the 67-dBA throttle 1 standard.

i Extraneous Factors. Two extraneous factors may have caused

the measured noise level to be higher than the level that would

have been measured under ideal conditions. They are (I) the

pressure of a reflecting shop wall and (2) reflections from two

- rows of parked truck trailers. Estimates of the effect of each

follow.

Reflecting Sho@ Wall:, The level of the sound reflected from

the shop wall may be estimated with the assistance of the follow-

ing sketch.

BUILDING
WALL

MIC RO_M O_V£_ //,_- _ IMAGE SOURCE
1" 100' _L. 50" L 50' '_I

The sound reflected from the wall may be thought of in terms of

an "image source," identical to the actual locomotive but located
i

50 ft behind the wall location, with the wall removed. This

sound propagates over the top of the locomotive and is diffracted i

down toward the microphone. Attenuation of the reflected sound

Qomprlses two parts: spreading and diffraction. Because the re-

flected sound travels 200 ft (compared with I00 ft in the direct

path) to the microphone, the spreading accounts for a 20 log

(200/100) = 6-dB reduction In level.

J-8



Computing the shielding provided by the locomotive is more

detailed. First, we compute the number N given by

N = _ (A + B - d) J

where A is the distance from the top of the locomotive to the

microphone (W100_ + ii" _ 100.65); B is the distance from the top

of the locomotive to t_e top of its image (100 ft), d is the

stralght-line distance fro m the top of the image to the micro-

phone (4200 z + iIz _'200.3025), and I is the wavelength of sound

at frequencies of interest.

Using the above parameter values and noting that A = ll00/f,

we find

N = 0.55 × 10-3 f (C-l)

By using Eq. C-I and Figure 7-8 of Beranek (1971), we derive

the attenuation curve labeled "locomstive shielding" in

figure C-5. Note that shielding is more effective at high

frequencies than at low frequencies.

To obtain the actual sound spectrum produced at the micro-

phone by the image source, we proceed in two steps.

I. Apply the locomotive shielding curve to the A-welghted

octave-band locomotive spectrum shown in figure 0-5, s compute the

speatrum of reflected sound, add the octave-band levels of each

speatrum to obtain the overall A-welghted levels, then take the

difference between the two levels to find the overall attenuation

from shielding. The result Is approximately lO dBA.

eThls spectrum is an average of the spectra corresponding to the
three s_lenclng conflgurations listed previously, with the loco-
motive operating in throttle setting 8.
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.2. Add the 6-dBA spreading loss to the 10-dBA shielding

loss. The result is that the sound reflected from the shop wall,

as measured at the microphone, is 16 dBA less than the sound prop-

agating directly to the microphone. This wall reflection thus

adds approximately 0.1 dBA to the direct level. Or, if the wall

were not present, the level at the microphone would be 0.i dBA

less than measured. The presence of the wall therefore produces

a negligible contribution to the measured noise level.

Parallel Rows of Truck Trailers: Sound from the locomotive

is reflected or scattered from each of the trailers in parallel

rows running perpendicular to the track. This scattered sound

adds to the sound propagating directly from the locomotive to the

mlerophone, causing a higher level to be read than if the'trucks

were absent.

At very low frequencies the sound is scattered, nearly uni-

formly in all directions, (See following sketch.) However, at

high frequencies the sound is reflected specularly, much llke

INCIDENT INCIDENT

TR= .TR=TRAILER

%%. "*,_.Ip,_ J

_". t ,."" "" SCATTERED "_,/
\

REFLECTED

J-ll



light from a mirror. The transition frequency ft occurs approx-

imately at ft = c/_£ = ii00/_.8 _ 45 Hz. Since most of the A-

'weighted acoustic energy is in frequency bands at least a decade

above ft' it is reasonable to consider a specular reflection
model.

The problem now is to estimate the spreading attenuation

from the increased distance of sound travel and the portion of

She locomotive "seen" from the microphone, imagining the trailer

ends to be mirrors. The expression for this attenuation A is

given by

A = i0 log 1002 + (2d)2 + i0 log at°tal ,
1002 avisible

wher'e d is the perpenddcular distance from the line. connecting

the microphone and locomotive center to the trailer ends and a

refers to the locomotive area. Since the bottoms of the trailers

are approximately 4 ft off the ground, are 8 ft wide, and are

separated by approximately 5 ft, and the locomotive is 15 ft

high:

atotal = _ 8 + 5 _avisihle • ----_--- 2.2

For the left row of trailers, d = 30 ft and A = 4.8 dB. For the

might row of trailers, d = 42 ft and A = 5.8 dB. Together, the

scattered sound level is only about 2.2 dBA lower than the di-

rect level. Thus the measured level can be approximately 2 dBA

•higher than the level that would exist in the absence of the

trailers.

J-12



Noise Measurements - GP-3B-2

Noise levels of a GP-38-2 locomotive were meas'ured under

self-load conditions outside a large shop, as indicated in the

fbllowlng sketchl

MICROPHONE_

/
/
/
/

BUILDING/

/ IW_;_;;_;;;;'-"--q

/ ] LOCOMOTIVE/ ,-----75
]

Because of reflections from the sides of the shop, the mea-
:' cured noise level ls expected to be higher than that whleh would
1]

; be measured in free-fleld conditions. Attenuation A of the re-

flected wave is estimated from

A = I0 log 1002 + (2d)_ ,
1002

where d = 75 ft and A • 5.1 dB. Therefore, the measured level is

about 1.2 dB higher than the free-field level. The measured and

corresponding estimated values of free-fleld levels are shown in

Table O-l.

J-13
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TABLE C-I

VALUES OF FREE-FIELD LEVELS

Measured Level Estimated Free Field
dBA Level - dBA

Idle 66.5 65.3

Throttle8 92 90.8

Harco s Productive C_pacity

The Marco Manufacturing Co. is a rather small organization

with approximately 15 to 25 personnel and about $1 million in

sales. However, Mr. Harris claims to have the capacity to de-

liver up to 6000 muffler unlts/year (enough for 3009 locomotives)

by entering into a llcenalng or subcontracting arrangement with

the Portland Wire and Door Co. This mugfler production would be

sufficient to equip more than 20 percent of the present locomo-

tive fleet in a 2-year period.

J-14
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TABLE 4-].

SUMMARY OF STATIONARY LOCOMOTIVE NOISE LEVELS

_olse Level a& 100 rt

Locomotive toad
Hfr/Model Device Ambient Idle Thrattle B Source

OM/OP-9 Load Cell 67: d_A 89 d_A: I ^ppendl_

O_L/GP-]8-2 Se]_ Lo_d 66.5 d_AI 9_ dDAt Appendix

QI4/QP-9 LORd Cell 69 d_AI 89 dBAI kppendlx

_ILW/I4-_O _ Load Cell 65 dBkI B7 dB_I kppendlx

_E/_36C Se]f Load 57 dB^ 68 dBk 87 dBA State of
Road RD, 3322 t_ewJersey
flared 3600 hp

OE/U36C I,ond Cell 55 db^ _B dBA 90 dBA SCa_e _r
_oad _o. 3322 New Jersey
_a_ed 3600 hp_
_&usl 356_ hp

I_/U3_CII Losd Cell _? _BA ?0 dI_AI B7 dB^ Sc_e or
Io_d No. _35B New Jersey
_ated _35 hp_
_=tual 3_97 hp

0_1/SD_-2 Lo_d Cell 60 dBA _6 d_^ gl dBk S_a_e or
flo_d rio. 36B0 New Jersey
fll_ed 3600 hp_
_e_u_l 3_0 hp

G_/U2_B Load Cell _ dBA 7O dBk 9_ dBA S_a&e o_
_oad _o. _50_ N_w Jersey
_ed 2§00 _p,
A©tu_ _75 hp

kl_o/C_ Lo_d Cell _S dB_ 7_ dBA 89 dBk_ state of
_oad Ho.'_O_ New Jerle¥
fi_ted 2_00 hp,
Actual 1760-_97 h_

(sur_l_g) , .

OE/U_3C Load Cell 60 d_A 69 _Bk 90 _Dk S_a_e o_
flo_ _o. 331_ New JerJey
flate_ 3100 hp_
A©_uJl 3_78 hp

_1t/0P-9 Loa_ Coll 61 dBA _8 dBk 9_ _k State or

,flsLe_ 17 0 bp,

_l_ted 2500 _p,

IlIonldl|l tlSt |lit. ul,lll7 becl,|| O_ |ound-re¢leetln8 obJe©_l within 100 f_

I_he _ofl&_esl Loeomo&lvB _or_s N-_01m_el 1_ vlr¥ slmlls_'to the A_O C-_0
|_r|eJ.

IA_ _50 I_m. This laeoevatlYe ©_n hsv_ _h_ee ldlinZ eon_ltlonl dependin_ off Lho

el_rloal requl_e_en_l (he_&l_Ci |l_ht|_ ergo) o_ &ho pl||enl_e_ ©_o

_?flls &e_t _on_|de_ed no_ rep_e_on_lvo sln_e Lho e_l_e wau no& d_vBloplfll_
_11 power.

J-15
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APPENDIX K

EXHAUST NOISE MEASUREMENTS FOR THE GP-9 LOCOMOTIVE

The exhaust noise signature of a GP-9 locomotive was mea-

sured during a visit to the B&M service plant st North Billeriea,

Mass. on November 26, 1974.

Sound pressure levels were obtained 2.5 ft away from one (of

two) exhaust stack outlets and 100 ft away from the side _f the

locomotive.

The data acquisition equipment consisted of the following:

H&K-4220 plstonphone, Serial No. 221359

microphone wind screen

0R-4134 1/2 in. microphone, Serial No. 103016

GH-1560 P42 preamplifier Serial No, 492

BBN power supply for the P42

GR-1551S sound level meter, Serial No. 289

Nagra IIIB Kudelski Tape Recorder, Serial No. 621789.

Figure B-I is a rough sketch of the structures in the vicin-

'ity of the locomotive. It was not possible to mov@ the locomo-

tive away from all reflecting surfaces to achieve ideal hemi-

spherical space conditions. However, most of these surfaces were

far anoagh away so that any resulting discrepancies are expected

to be minimal. There were about 4 in. of snow on the ground sur-

rounding the locomotive.

A sketch of the microphone positions for the 2.5-ft measure-

monte is shown in figure B-2. The overall levels in both the lin-

ear and A-scale were monitored in all three positions indlsated

in flgure B-2, and no significant differences were observed.

K-!
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Figures B-3 through B-5 contain the I/S-octave band spectra

at idle, throttle 8 wlth no load, and throttle 8 with full load,

respectlvely, correspondlng to the 100-ft position. Figures B-6

through B-8 contain the same information for the 2.5-ft position

recorded at position B (figure B-2).

The relatively short distance o£ 2.5 ft from the stack out-

let ensures that the recorded sound pressure level Ls C2.5 ft)

corresponds sblely to exhaust noise." To estimate Ls (I00 ft),
that is, the contribution of the exhaust to the nolse level at

100 ft, we assume spherical 5preadlng and then use

(I00 ft
AL = Ls (2.5 ft) - Ls (I00 ft) = 20 log ]2.5 ft = 32 dB .

Strictly speaking, the value of AL should be decreased by

3 dB because the far field wlll also contain the contribution o£

the second stack. At the same time, AL should be increased by a

similar amount because of partial shadowing; therefore, the two

effects cancel each other partially, and the assumed AL = 32 dB

is expected to offer a good estimate of Ls (I00 fb).

The estimated spectrum Ls (i00 ft) Is compared to the actu-

'ally measured noise spectrum In £igure B-9. Both traces corre-

spond to a throttle 8 wlth full load'settlng and follow each

other fairly well, a positive indication that the farfleld noise

IS primarily due to exhaust. The trend is also quite similar at
throt$1e 8 with no load and at Idle.

r
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Appendix L

TRIP TO MONTREAL LOCOMOTIVE WORKS AND MEASUREMENTS OF
M-420 LOCOMOTIVE



APPENDIX E

TRIP TO MONTREAL LOCOMOTIVE WORKS

On October 2, 1974, BBN personnel traveled to Montreal,

Canada to visit the Montreal Locomotive Works (MLW), formerly a

division of Alco Products but presently owned (52 percent of its

stock) by Studebaker-Worthington. Though MLW owns all Alto

Products' engineering designs, the firm presently manufactures

locomotives of its own design, primarily for customers outside of

the United States. The purpose of the visit was to measure the

Doise from an M-420 diesel electric locomotive and also to gather

information on Aleo locomotives no longer manufactured but still

operating in the U.S.

M-420 Noise Measurements

Although completely an MLW design, the M-420 diesel electric

,i locomotive is similar to the old Aloe Century Series 0-420 in

that the same Alco 251 series 2OO0-hp turbocharged 12-cylinder

diesel engine is used as the power plant (MLW manufacturers en-

gines under license from Aleo Engines Division of White Indus-

trial Power Inc., the surviving corporate identity of the origi-

nal Aleo Products Corporation). However, the M-420 and C-420 use

different trucks, and the operator's compartment and the front

(short) hood are slightly different (see figure D-I.)

, Although_the C-420 and the M-420 are slightly different in

_i appearance, the stationary noise from the M-420 should be repre-
sentative of the 0-420 because the two locomotives used the same

power plant.

With the aid of Richard Cooper of MLW, measurements of the

noise from the M-420 locomotive were made in the yard behind the

MLW plant on October 3, 1974 between the hours of 9:30 a.m. and

11:00 a.m. EDT.

L-!



FIGURED-1. M-420 DIESELELECTRICLOCOV_TIVE.
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The following measurements were performed:

i. The overall A-welghted sound pressure level was measured

at i00 ft from the locomotive at Idle and at throttle 8 under full

load.

2. The unwelghted sound pressure level was recorded at i00

ft from the locomotive at throttle 8 under full load.

3. The unwelghted sound pressure level was recorded at 2.5

ft from the exhaust stack, as shown in figure D-2, with the loco-

motive at idle and at throttle 8 under full load.

Because of the short cables from the resistor bank used to

'load the locomotive, the M-420 could not be moved to a location

completely free from all reflecting surfaces. Figure D-3 shows

the locatlon of the locomotive, the measurement position, and the
signiflcantreflee_ing'surfaces (buildings etc.). The overall

A-weighted sound pressure levels are shown in Table D-I. These

measurements were made with a B&K #4145 1-1n. microphone (Set.

No. 259175) with foam wind screen connected to a B&K No. 2203

Sound Level Meter (SLM) (Set. No. 151612).

TABLE D-1

M-420 N01SELEVELSAT 100 FT

Posttton 1 Posttton 2

Throttle 8 85 -- 87 dBA 87 - 92 . dBA

Idle 64 -- 65 dBA 63.5 - 64.5 dSA

The sound level meter was in the "fast" A-weighted setting.

The 3- to 5-dBA increase in noise measured at Position 2 was

probably due to reflections from the corPugated metal building

shown in figure D-3. Beoause Position i is more removed from all
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reflectlng surfaces, the levels measured there are more represen-

tative of the noise produced by the locomotive.

With the same microphone windscreen and SLM, recordings of

the noise were made by connecting the output of the SLM to a

Kudelskl Nagra Ill (Set. No. B-61-II07) slng!e-track tape recor-

der. The SLM was in the fast linear setting. The recordings

were later reduced in the BBN laboratory in Cambridge, Mass.

under a Federal Scientific UA-500 Ubiquitous Spectrum Analyzer.

The data are displayed in figures D-4 through D-7.

We had hoped to'use the narrowband analysis of figure D-6 to

9ompare exhaust and cooling fan noise levels by comparing the

peak levels at the appropriate frequencies; i.e., firing fre-

quency and blade passage frequency. The necessary data to calcu-

late the firing and blade passage frequency are given in Table

D-2 (courtesy of Bud Parker of MLw).

TABLE D-2

M-420 ENGINE AND fOOLING FAN DATA

Engine RPM at throttle 8 1050

Engine RPM at Idle 400

Number of cylinders 12 (4 strokescycle)

Number of fan blades 6

•Fan speed

• top speed 1.31:1 speed increase ever
engine

" i0 percent Sllp in clutch
or less

• intermediate speed 1.31:1 speed increase over
engine

RPM 50 percent to 60 percent
sllp in clutch

Fan diameter 66 in,

[.6
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The figures computed from those data are shown in Table

D-3-

TABLE D-3

FIRING AND BLADE PASSAGE FREQUENCY DATA

Firing frequency = 105 Hz

Top-speed Blade Passage
frequency = 12_ Hz

Intermedlate-speed Blade
Passage frequency = 55 - 69 Hz

Unfortunately, there are two possible fan speeds, depending

on the heat load on the engine. An electromagnetic clutch be-

tween the engine and the fan produces some uncertainty in the

speed reduotlon through that clutch. The resulting uncertainty

in the blade passage frequency and the profusion of lines in figure

D-6 _ke it difficult to trace the fan noise lines in the spec-

trum w_thout an elaborate and careful analysis _n which each llne

In the figure is identified.

Information on Also Locomotives

With the help of Hugh Paton, Vice President of Englneerlng

at MLW, we reached Robert Bergner, formerly employed by Also

Produe_s in Schenectady, New York, and presently employed by MLW

in Montreal. 'Mr. Bergner was very familiar with all of the loco-

motives that are of interest to us. A summary of his comments

follows..

l. For all Alto low/hood switchers or road switchers, there

iS room for a muffler above the hood directly above the englne. I

,.= ,. ,, ,

TOn the S-I, S-2_ S-3, S-_, and T-6 awitchers_ this ares is
approximately 2 ft high by 6 ft wlde by 22 ft long.

L-I]
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Visibility problems can be minimized by mounting the muffler as

far aft on the hood (near the radiator) as possible without interC

ferlng with the cooling fan air flow. The locomotives that flt

in this category are all the Alco switchers, the T-6, RS-1, RS-2,

RS-3, RSC-2, RSD-4, endRSD-5.

2. The muffler above the hood would present some additional

maintenance problems, since piston and cylinder liner removal is

presently done through a trap door in the top of the hood on all

in-llne 6-cylinder engines. As a result, the muffler would have

to be removed before this major maintenance coul_ be performed on

any Alto switcher and the T-6, RS-I, and RSD-I locomotives.

3. For all high-hood Alco road switchers without dynamic

brakes, there is considerable space under the hood between the

engine and the roof of the hood.* Figure D-8 shows this space on

the M-420 locomotive, looking aft from the generator to the tur-

bocharger. If these locomotives have the dynamic brake option,

however, this space is used for the dynamic brake resistor assem-

bly. As a result, muffler placement will be difficult on the

RS-II, RSD-12, RSD-15, C-420, C-424, C-425, and C-430 locomotive

with the dynamic brake option. %

4, For the larger Century Series locomotives, the C-628,

C-630, and C-636, the dynamic brakes are in a compartment separ-

ate from the engine and, as a result_ the space above the engine

is always available for a muffler.

mOn the C-_20 locomotive there is, conservatively, a space
approximately 12 ft long, 1 ft high, and about 3 ft wlde above
the engine. It may not be possible to utilize the 3-ft width
over the full height of the space; i.e., the muffler may have to
he V-shaped so as not to Interfere with cylinder liner or piston
Pemoval.

_Approximately 148 C-420, C-424, C-425, and C-430 locomotives out
of 274 were built wlth the dynamic brake options.

L_12
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FIGURE D-8. SPACE IN THE ENGINE COMPARTMENT OF THE M-420 SUITABLE
FOR THE INSTALLATION OF A MUF.FLER.
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The Use of Mufflers on Large Diesel Engines in Nonrailroad
Applications: Resu]ts of a BBN Survey

Previous work made clear to us at BBN that little is known

about the possible effects of mufflers on locomotive diesel en-

_tne performance, _his lack of information, we suspected, re-

sulted from the rarity of mufflers on locomotives, We reasoned

that we might obtain such information from industries, other than

railroads, which use largo diesel engines and in which mufflers

are more common. Accordingly, we conducted an informal survey Of

users, suppliers, and rebuilders on the influence of mufflers on

engine operations. We did not discuss the acoustic performance

of mufflers, since this subject is well documented in the case of

nonradlroad diesel installations.

1



Our conclusions are:

Mufflers are used in marine and stationary power plant

application in conformance with the backpressure recom-

mendations of the engine manufacturers. There is no evi-

dence that use of mufflers in such applications causes

decreased engine llfe or reduced performance.

No informatlon publicly available provides a technical

rationale for the exhaust baekpressure limitations

(5-1n. H20 for turbocharged engines) which EMD specifies.

The technology exists to produce turbochargers to with-

stand temperatures up to 150OQF, but units in present

production withstand temperatures up to 1200°F only.

No nonproprletary test data on the effects of hlgh back-

pressure mufflers on emissions, engine reliability, or

efflclency are available at this time.

The survey was conducted primarily by telephone, with appro-

priate letter follow-ups. There were two groups of interviews.

The first group, l0 interviews, was with people involved with

marine applications of diesel engines. These people were asked

what effects muffler-lnduced exhaust backpressure had on effi-

ciency, power, emissions, reliability, and noise, and what sizes

of mufflers were used on their engines. The second group of In-

tervlews was with four persons responsible for manufacturing ex-

haust system manifolds and turbochargers. These people were

asked to provide information on the state of the art of materials

M-2



and the reliability of components to be used at temperatures

above those now common diesel electric locomotives. Summaries Of

those interviews which yielded useful information foliow,

INTERVIEW SUMMARIES:

George Ponton
Hyattsville, Maryland
Former engineer with
Nashville Bridge Co.
Nashville, Tenn.

Nashville Bridge designs and builds diesel-powered tow boat_

Mr. Ponton reported that tow boats are gneerally equipped with

spark attesters and sometimes with mufflers. (Sparks are con-

sidered at least as much as problem on boats as around rail-

roads). Mr. Portion said that when mufflers are used, they are

sized to avoid backpressurss in excess of those specified by the

engine manufacturer. No independent muffler design is attempted

by the boat builder. He mentioned Maxim Silencer Company and

Burgess Manning Company as two major suppliers of mufflers for

large diesel engines.

James Gunlauch, Vice President
Canal Barge Line
New Orleans, La.

Canal Barge Line operates diesel tow boats. Mr. Gunlauch

said that operators typically do not maasure @xhaust backpressure

on their boats; they assume that the designer has designed the

exhaust system properly.

The total amount of fuel used by a tow boat is known, but

the power delivered by the engines is typically not measured.

Therefore, the effect on engine efficiency of different mufflers

is not known. Canal Barge has not attempted to correlate muffler

use with englne failures and has made no measurements of engine

emissions.

M-3,
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R.B. Gladstone, Manager-Government Sales
General Motors - Electromotive Division

La Grange, Ill.

Mr. Gladstone sent us copies of pertinent pages of EMD's

Marine Applications Book; figure 8-1 shows a page describing muf-

flers specified for EMD 645 series diesel engines,

Mr. Gladstone reaffirmed the previously stated limitations

on engine baokpressure and said that use of higher baekpressure

could void the engine warranty. He did not know about effects oD

mugflers on emissions oN efficiency.

Robert Fortenbury, Salesman
Sample Brothers
New Orleans, La.

Sample Brothers markets industrial mufflers. Mr. Portenbury

said that mufflers used on EMD 645 E-5 engines typically have a

28-1n. inlet dlameter and provide 5-'to 6-1n. H20 of total back-

pressure at the exit of the turbocharger.

Gerrit Van Dissel, Naval Architect
Potter & McArthur Inc.
Watertown, Mass.

Mr. Van Dlssel has designed numerous beats using EMD diesels

fitted wlth mufflers and spark attesters. He considers these

standard items and is not aware of any detrimental effects on

performance,

C.M. Bennett

Precision National Corp.

Mr. Vernon, Ill.

Preclsion National is a major engine rebuilder. Mr. Bennett

sald that since his firm does not measure engine operating para-

meters on boats, he does not know the effects of muffler back-

pressure. He has not seen any engine failures which could be

traced to high exhaust backpreesure.
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Robert Gant
Press Equipment Company
Houston, Texas

Press is a rebuilder of diese], engines. Mr. Gant did not

know of any data takes on tow boats relevant to engine perfor-

mance as affected by mufflers.

INTERVIEW SUMMARIES: ,TURBOCHARGER MANUFACTURERS

Howard Bach, Manager-Turbocharger Marketing
Elliot Company, a Division of Carrier Carp.
Jeannette, Pa.

glllott Company supplies turbochargers to General Electric

and to De Laval. Mr. Bach was asked to discuss presently allow-

able operating temperatures for turbochargers, future trends in

turbocharger temperatures, and the costs of manufacturing and

servicing turbochargers for higher temperatures. He indicated

that the costs of components and servicing for turbochargers de-

signed to operate at 120O°F turbine inlet temperature and 10-in.

H20 backpressure are the same as the costa for a unit designed to

operate at 9OO°F. (Absolute manufacturing costs are not avail-

able.) Elliott is testing prototype turbine and nozzle ring com-

ponents at 1350°F with limited success. The cost of these com-

ponents is estimated to be 3 to 4 times as high as for the pres-

ent production components. Table 8-T summarizes the cost infor-

mation provided by Mr. Bach,

The baokpresoure limitation of 10-in. H20 seems to be set by

a lack of experience at higher backpressures, When questioned

about the factors which limit the backpreasure recommendations,

Mr. Bach indicated that lower pressure difference causes bearing

seals to leak, for example, when a locomotive is at high alti-

tudes. There is apparently no experimental substantiation for

the 10-in. H20 level which they recommend.

M-6



TABLE 8-7

RELATIVE COMPONENT AND SERVICING COSTS FOR TURBOCHARGERS AS A
FUNCTION OF DESIGN TEMPERATURE

In]et Te=peracure to 900_F 1000_F _1OO_ t200oF ;300_F '13_0oF I400°F 1500°F
Turbocharger Productt0_l ProductloJ_ r_'a_uc&ton Pro&o_.ype Prototype

Relative Turbine :l (:L) (1) (1) (3-_) (3-_} (!_A) (IIA)
CO_1;

Relative I_cu_ln_ 1 (1) (_) (1) (IJA) (IIA) (IIA) UIA)
Cc_t _

Relative Servicing 1 (1) (],) (1} (NA) (IIA) (_IA) (,_A)
:[ntorv&_. i_or Turbine

• ar.d eear_.n_

Relative Service _,:L_'e 1 (NA) (IIA) (IIA) (NA) (NA) (I_A) {tJA)
of Hausl_;

_ Se:'vl, eln_

Turboch_r_er Ou_et O'HI_O 5"1t_ 0 | _"_120 15"It20 _0_II20Pressure Above
_Atr_o_ eric

eo_

l_ela_ _ve _rv_c_ne _. (1) (_.} (Ilk) (_A)

i. Source: H. Bach, Elliot Company.

2. Present ;lousing replacement rate is approximately 15_ per year.
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AMTRAK Experience with Muff]ed Locomotives

In 1973, the National Railroad Passenger Corporation (AMTRAK)

took delivery of forty EMD SDP-40F locomotives fitted with Uni-

versal Silencer exhaust mufflers. These units have been opera-

ting in the Western District at an average rate of approximately

200,000 miles per year. we talked to Hr. Deane Ellsworth, mana-

ger of the Mechanical Systems Department of AMTRAK, about service

experience with these mufflers.

The locomotive price differential due to the muffler was

$500 to $600, excluslve of carbody modiflcations. The muffler!s

space regulrements dictate an overall engine height of 15 ft 9

in.; this height makes the locomotives unusable in the Baltimore

Harbor Tunnel or Union Station, Washington, D.C. Wyle Labora-

tories has made noise level measurements for EMD, which now

retains those data.* Mr. Ellswortb'a recollection was that typi-

cal levels were 66.5 dBA a_"idle and 88 to 89 dBA at full throt-

tle.

To date, AMTRAK has experienced no service problems which

could be related to mufflers. There have been no locomotive road

failures. There have been no muffler-lnduced engine malntenanee

problems; as yet, however, AMTRAK has not had to remove the

i turboehargers, so the muffler's effect on engine accessibility

has not been evaluated. No increase in fuel consumption levels

have been noted; on the other hand, it would be difficult to mea-

sure changes as small as 1 percent. There have been no turbo-

charger failures-or replacements to date, so the effect of back-

pressure on turbochar_er life cannot be evaluated.

_An earlier telephone conversation with Mr. R. Prlbramsky of EMD
indicated that any data which they would make available would
be given directly to EPA at.the Agency's request.

M_
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Noise From. Refrigerators and Auxiliary Engines

BBN has reviewed the data on noise levels produced by refrig-

eration units o11 cold-storage cars and by auxiliary engines on

passenger locomotives. The work summarized data available in

reports and other sources; no original measurements were made.

Refrigerator Cars. There are 26,000 refrigerator cars in

the United States, half of which are owned by one company (Paei-'

fie Fruit Express Company of San Francisco). The refrigeration

units on the cars are powered by 2- or 3-cylinder Detroit Diesel

engines running at 800 or 1200 rpm. These engines run continu-

ously to cool the cargo.

Our primary source of noise data for refrigerator cars is

Wyle Laboratories Report WCR-73-5 (i973). Table 8-8 lists noise

levels of four cars at a 5O-ft distance. Note that, assuming

6-dB attenuation per doubling of distance, only the 3-cylinder

unite violate the 6?-dE standard at I00 ft for a single car and

then only on one side. However, refrigerator oars are usually

made up into trains of 100 cars or more; at that size, the noise

level of the train will exceed the 67-dB-ab-10O-ft standard. In

addition, note that several of the measurements in Table 8-8 were

actually made in the near field and were extrapolated to 50 ft.

In these cases, further extrapolation to 100 ft may result in

inaccuracies.

The data for the second car in Table 8-8 indicate that as

much as 6 to 7 dB of noise reduction could be achieved by muff-

ling the.engine.

An additional noise measurement was obtained from Riokley,

Qulnn and Sussan (1974), who reported a level of 84.5 dBA at

distance of 50 ft from _he engine side of a Boston & Maine re-

frigerator car. The model of diesel engine and the compressor

manufacturer were not noted.



TABLE 8-8

MEASURED NOISE LEVELS OF FOUR CARS, 50-FT DISTANCE _

Typical Noise Levels Emitted by
Mechanical Refrigerator Cars

A-Weighted Noise Level
Engine Model

and Compressqr in dB (re 20_N/m) at 50 ft
Rated Power Manufacturer Operating Mode Engine Side Condenser Side

Low Throttle: 800 rpm 69,5 66
Trane High Throttle: 1200 rpm 76,5 70.5 T

Low Throttle: 800 rpm -- 65 (66,5@)
- DetroitDieeel HighThrottla:1200rp_ 75.5t 71

2-71 80 hp

Carrier Diesel off - motor com-
pressor driven by 220V
auxiliary electrical

power. High Setting 61% 64 (63 @)

Detroit Diesel Trane High Throttle: 1200 rpm 80# 73,5%
3-17 120 hp

Detroit Diesel Trane High Throttle: 1200 rpm .80,5 f 71,5 #3-55 i00 hp

JSource: Wyle Labs (1973),

tOalculated via nearfield measurement procedure and analytical technique,

J



Auxiliary Diesel Ensines. Passenger locomotives and cars

are frequently equipped with (i) diesel engines to drive an alter-

nator supplying electric power to the traln, and (2) steam gener-

ators (on the locomotive) to supply heat for the train. AMTRAK

is purchaslng new locomotives with auxiliary diesel engines on

board; some of thei_ club cars already have them.

Data on noise levels from auxiliary engines were provided by

the Illinois Railroad Association in its submission to Docket No,

ONAC 7201002; the IRA cited noise levels of two auxiliary engines

as measured by the Chicago & Northwestern Railway. These engines

were Cummins V-block diesels running at 1800 rpm so as to gener-

ate 60-Hz electricity. Noise measurements were taken with no

load on the engines; they would have been higher if a load had

been applied. The measured levels were 58 and 55 dBA at 100 ft

from the locomotive.

F
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"APPLICABILITY OF TRACK AND RAIL SAFETY STANDARDS TO NOISE

Introduction

In thls section, we comment on the DOT FRA Track Safety

Standards _ and Railroad Freight Car Safety Standards, % insofar as

their enforcement affects noise.

Track Standards

Track standards limit train speed byassigning each track to

class, which is determined by the quality of track maintenance.

Table 7-1 provides the maximum allowable operating speed (in mph)

for each class.

TABLE 7-I

MAXIMUM ALLOWABLE OPERATING SPEED

i

Maximum Allowable Speed (mph)
Class

Freight Trains Passenger Trains

1 10 '15

25 30

3 40 60

4 60 80

5 80 90
6 llO 110

Section 213.9 states "If a segment of track does not meet all of

the requirements for its intended class, it.is reclassified to

eCFR Title 49, Part 213, Sec. 213.1 - 213.241, with Appendix B
(Fed. Register, Vol. 39, No. 67, April 5, 1974).

$CFR Title 49, Part 215.

p-]
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the next lowest class of track for which it does meet all of the

requirements of this part." This provision, together with a

schedule of fines for violations, puts teeth into the standard.

A railroad can indeed operate on poorly maintained track - but

only at inefficiently low speeds. Therefore it is in the rail-

meads' interest to maintain track where highlspeed operation Is

needed.

In this section, we evaluate the impact of various sections

of Part 213 on the noise generated by trains. Each seetlon is

quoted, then followed by an explanation of its effect on noise.

'§213.53 Gage

(a) Gage is measured between the heads of the rails at

right angles to the rails in a plane flve-elghths of an inch

below the top of the rail head.

(b) Gage must be within the limits prescribed in Table 7-2.

TABLE 7-2

GAGE LIMITS

Track Gage of Tangent The Uage of Curved
Class of Track Must Be - Track Must Be -

Track At But Mot At But Not
Least MoPe Than Least More Than

'_ ft 8 in. 4 ft 94 in. 4 ft 8 in. _ ft 9_ in.

2 and 3 _ ft B in. 4 ft 9% in. _ ft B in. 4 ft 9_ in.

_ ft 8 in. _ ft 9¼ in. 4 ft 8 in. _ ft 9_ in.

5 4 ft 8 in. 4 ft 9 in. 4 ft 8 in. 4 ft 9_ in.

6 I _ ft 8 in. 4 ft 84 in. 4 ft 8 in. _ ft 9 in.
J

P-2
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§213.55 Alignment

Allgnment may not deviate from unlformity more than the

amount pPescribed in Table 7-3.

TABLE 7-3

ALIGNMENT DEVIATION LIMITS

Tangent Track Curved Track

The Deviation of the The Deviation of the
Mid-Offset From Mid-Ordinate From
62-ft Line I May 62-ft Chord 2 May

Class of Track Not Be More Than Not Be More Than

i 5 in. 5 ln.

2 3 In. 3 in.

3 I_in. I_An.

1% in. 1% In.

in. in.
6 _ in, } in.

*The ends of the llne must be at points on the gage slde of I
the lane rail, flve-eighths Of an Inch below the top Of the i
railhead. Either fail'may be used as the llne rail, how-
eveP, the same Pall must be used fop the full length of
that tangential segment of track.

2The ends of the chord must be at points on the gage side of
the outer rail, flve-elghths of an Inch below the top of
the rallhead.

Effect

Varlatlons in gage may result in lateral motion of the

traln, with possible impact of wheel flanges against tall heads

and ear sway wlth attendant rattle, etc. These types of noise

mechanisms have not been investigated quantitatively, however,

and can only be mentioned in qualitative terms.

i, P-3
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§213.109 Crossties

(a) Crosstles may be made o9 a_y material to which rails

can be securely fastened. The material must be capable of hold-

ing the rails to gage within the limits prescribed in §213.53(b)

and distributing the load from the rails to the ballast section.

(b) A timber croestle is considered to be defective when it

is:

(1) Broken through;

(2) Split or otherwise impaired to the extent it will

not hold spikes or will allow the ballast to work

. through;

(3) So deteriorated that the tie plate or base of tall

can move laterally more than one-half inch relative

to the crosstle;

(4) Cut by the tle plate through more than 40 percent

of its thickness; or

(5) Not spiked as required by §213.127.

(c) If timber tles are used, the minimum number of nonde-

fective ties under a rail Joint and their relative positions

under the Joint are described in Table 7-4. The letters in the

chart correspond to letters underneath the ties for each type of

Joint depicted.

_213.121 Ra_1 Jotnts

(b) If a joint bar on classes 3 through 6 track is cracked,

broken, or because of wear allows vertical movement of either

rail when all bolts are tight, It must be replaced.

P_



TABLE 7-4

NONDEFECTIVE TIES CHART

SUPPO,_TEDJOIn'IT E_.
Io..oot (

X Y Z X Y
)U_b_tlm number ©f nond_rectlei I_Cqu{red f_dtlon of nondefec&lvl |hi

CI._ ot II_¢k tics un4¢f • Jo_& '
/_uppo_gedJoint _,p_nd_4 ]oI_$

I...................................I....................................X, T. orZ .........X oe Y.
_,|..................................l....................................Y .................X ©r Y,

Y*_d Z.

Effect

These two sections require (i) increasingly firm tie support

i for Joints with higher track classes and (2) the prevention of

relative vertical motion of two rails at a Joint. The effect of

a poorly supported Joint is to allow the tall to deflect more

than usual under load. If the Joint bar connecting abetting

falls were extremely tight and well fitted, as is the ease for

classes 3 through 6 track, this deflection would not have serlous

noise consequences. However, the track standards allow for poor

support at Joints and relative vertical motion of the rails for

class I and 2 track. Under these conditions, nelse ls expected

to be slgnlflcant.

Rail Jolnts are one of the major sources of railroad track i

noise. They account for the familiar "clickety-elack" one hears

as wheels pass over the Joint. Accordingly, the noise from this

type of mechanism is one of the important sources of community

noise from rail lines. The noise level from impact at tall

,J
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Joints is proportional to 20 log V, where V is the train veloc-

ity. • Accordingly, a train traveling at 50 mph over class 2

track would generate approximately 6 dB more noise than if it _"

were traveling at the legal limit o£ 25 mph,

§213.113 Defective rails

(b) If a rail in classes 3 through 6 track or class 2 track

on which passenger trains operate evidences any of the conditions

listed in Table 7-5, the remedial action prescribed in the table

must be taken.

TABLE 7-5

REMEDIAL ACTIONS

If a Person Designated If a Person Designated
Under 1213.7 Deter- Under f213,7 Deter-
mines That Condition mines That Condition

RequtPes Rall To Does Not Require
Condition Be Replaced Ratl To.De Replaced

Shelly spots , LimAt speed to 2O'mph Inspect the rail for
i and schedule the tall internal defects aC

Head checks ( for replacement, intervals of noC more
Engine burn than every 12 months.

(bat Sot fracture)l

MAll defect

Flakin8 % Inspect the rail at Inspect the tell at
An_ervsls of not more Intervals of not more

81ivo_ed I than every 6 months, than every 6 months.

Corr_sat_d jCorroded .....

(c) As used in this section.

(12) "Shelly spots" means a condition Where a thin

(usually three-elghts inch in depth or less)

!Source: Remington, Rudd, and V_r (1975).
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\

shell-llke piece of surface metal becomes separ-

ated from the parent metal In the railhead, gener-

". ally at the gage corner. It may be evldenced by a

black spot appearing on the railhead over the zone

of separation or a piece of metal breaking out

completely, leaving a shallow cavity in the rail-

head. In the case of a small shell, there may be

no surface evidence, the existence of the shell

being apparent only after the rail is broken or

sectioned.

(13) "Head checks" mean halt-fine cracks which appear

in the gage corner of the railhead, at any angle

with the length of the rail. When not readily

visible, the presence of the checks may often be

detected by the raspy feeling of thelr sharp edges.

: (14) "Flaking" means small shallow flakes of surface

metal generally not more than one-quarter inch in

length or width that break Out of the gaze corner

of the railhead.

Effect

This sample of Sec. 213.113 illustrates that train speed is

limited on defective rail, if an inspector decides the tall must

be replaoed. Defects such as shelly spots on the tall running

surface will generate noise in much the same way as Joints.

J213.115 Ra|1 end mismatch

Any m_smatch of rails at Joints may not be more than that

preserlbed by Table 7-6.

j P-7
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TABLE 7-6

LIMITATIONS OF RAIL MISMATCIi

Any Mismatch of Rails at Joints May Not
Be More Than The Following,

On the Tread of On the Gage Side of
Class of the Rail Ends the Rail Ends
Track (Inch) (Inch)

i 1/4 114

2 1/4 3/16

3 3/16 3/16

4,5 i/8 I/8

118 l/e

Effect

Noise from Joints is a funct$on of brain speed, as'men-

tioned above, and of mismatch in tall heights. Mismatch on the

gaBe slde of the tall ends is not expected to be significant but

mismatch on the tread side of the rail ends (i.e,, the running

s_rfaoe),is important. For this type of mismatch, noise in-

oreasss as i0 log (h), where h is the amount of height differ-

enos._ Accordingly, at a given train speed, noise will be 3 dB

more for track with 1/t-in. mismatch (Class 1,2) than fom track

wlth i/8-1n, mismatch (Class 4,5,6).

|213.117 Rail end batter

(a) Rall end batter is the depth of depresslon at one-half

Inch from the rail end. It is measured b_ placlhg an 18-inch

mSource: Remington, Rudd, and V_r (1975).
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straightedge on the tresd on the rail end, without bridging the

Joint, and measuring the distance between the bottom of the

straightedge and the top of the tall at one-half inch from the

rail end.

\
(b) Rail end batter may not be more than that prescribed by

Table 7-7.

TABLE 7-7

RAIL END BATTER LIMITATIONS

Class of Rall End Batter May Not
Truck Be More Than (Inch)

1 112

2 318

3 3/8

4 114
5 118
6 i/8

_i Effect

Qualitatively, rail end batter has much the same effect as

Joint mismatch. As ill_stratcd in figure -i, even if the Joint

ends are aligned, the wheel leaves one rail and contacts the next

at an angle which causes the wheel to be pushed suddenly upward

and the rail down. The result is an impact noise, the level of

which increases with increasing hatter.

J

L:
,l
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FIGURE 7-1. SCHEMATIC SHOWING MECHANISM OF RAIL-END BATTER.

1213,137 Frogs*

(e) If the tread portion of a frog casting is worn down

more than three-eighths inch below the original contour, operat-

ing speed over that frong may not be more than i0 miles per hour.

Effect

As wlth tall end batter, degradatlon of frog tread increases
,noise.

Wheel Standards (Part 215)

Part 215 requires that each railroad freight car which has a

component described as defective in this part must be (a) re-

paired.or (b) removed from service (§215.7). Furthermore, "any

railroad that operates a railroad freight car in violation of any

requirement prescribed in this part is liable to a civil penalty

_A "frog" is the X-shaped member that is used where one tall
crosses another, as in a turn-out.
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of at least.S250 but not more than $2500 for each vlolatloH.

'._ Each day of each violation constitutes a separate offense"
(§215.19).

§215.43 Defective Wheels

A wheel is defective if it has any of the following condi-
tions:

(g) Contiguous (adjoining) pieces of metal shelled out of

the circumference of the tread.

(h) A slid-flat spot more than 2½ inches in length or two

adjoining flat spots each more than 2 inches in length.

Effect

Wheel flats and shelled spots cause an impulsive noise each

time the defective area contacts the rail. This noise can often

be detected aurally as a "clunking" sound in a passing train.

Furthermore, the noise level increases with increasing flat spot

dimension. Accordingly, compliance with §215._3 will decrease

community noise.

b
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Table i, Example of Observed Rail Car Noise Level Variations

Due to Sound Level Meter Detector Time Constant and

Statistical Variations over Train Length for a Fifty-

Car Freight Train Traveling at 34 MPH on Welded Rails

(less locomotive noise).

,,, ,,

Aotual "Impulse" "Fast" "Slow"

Time 35 ms 125 ms 1O00 ms

(see) (dBA) (dBA) (dBA)

Computed Percentile L99 50 75.5 75.5 76.0

" " 45 77.0 77.0 77.5
L90

" " LS0 25 '79.0 79.0 79.0

" " 5 81.0 81.0 80.5
LI0

" " L1 .5 82.5 82.5 81.0

" " .05 85.0 85.0 81.0
L.I

Maximum Lavel (dBA) 51 85.0 85.0 81.0

! "Max." Ms_Qr R_a_ing 81 85.0 84.0 81.8

I
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Fig. 1. Maximum Rail Car Noise Level Heasurod at 100 feet by Wyle and DOT/TSC

-_ ,7_ .._..... . .....;-:i: I.............__ . _It_._l.......... L_, ..... I........
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Fig. 2. Avera@e Freight Rail Car Noise Level Measured at i00 feet by Wyle and BBN



Fig, 3. Maximum and Average Rail Car Noise Level Measured at 100 feet by Kamperman Associates
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Percent of Time the Rail Car Noise Level Exceeded

.005 .1 .5 1 2.5 5 i0 25 45 50 (Time in seconds)
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A. INTRODUCTION

On .July 3, 1974, a Notice of Proposed Rulemaking on the Inter-

State Rail Carrier Noise Emission Regulations was published in the

Federal .Register. In the same publication, notice was also given of

the availability of the Background Document and Environmental Expla-

nation for the Proposed Interstate Rail Carrier Noise Emission

Regulations. Public comment was solicited with respect to both the

proposed regulations and the data presented in the Background

Document, with the period extending from July 3, 1974, to August 17,

1974. On August 14, I974, a special consultation meeting was held on

the proposed regulations.

The public comments received relative to the proposed regulation

and the Background Document as well as the transcript of the special

consultation meeting make up the total body of public comment received,

The contents of all docket submissions have been reviewed and

analyzed by the staff of the Environmental Protection Agency. These

analyses follow.

A synopsis of the issues raised in the transcript of the special

consultation meeting has been included as a separate section of this

document. Allof the issues raised in that meeting have been addressed

in the analyses which precedes such synopsis.

All public comment associated with this regulation is maintained

at the EPA Headquarters, 401 IVI. Street, S.W., Washington, D.C.

20460, and are available for public inspection during normal working

hours {Monday through Friday, 8 am to 4:30 pro).
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B. COMMENTS "DIRECTED TO SPECIFIC SECTIONS OF THE
PROPOSED REGULATIONS

Section 201. i - Definitions:

The New York Department of Environmental Conservation and the

Department of Transportation both indicated that s_nee the term

"retarder '_ is not used in the regulation its definition should be elimi-

nated from Section 201.1. In addition the DOT raised the same point con-

cerning the term 'tsound pressure level. '_

Both definitions have been removed from Section 201.1.

Section 201.10 - Applicability:

There were a considerable number of different questions andissues

received which dealt with the applicability of the regulation to var-

ious types of railroad facilities and equipment. The Association of

American Railroads raised questions of a largely legal nature dealing

with matters involving the interpretation of the Act and with the EPA'B

duties and authority. The Agency has addressed these legal questions

in a later section of this analysis. Other questions dealt with matters

peeuliarto the particular railroad facilities or equipment at issue, and

are discussed in detail below. However, a significant number of

comments, in particular those of the Association of American Rail-

roads, US Department of Transportation, Illinois Railroad Association,

and the Fruit Growers Express Company, also brought into issue the

general question of why the EPA decided, apart from considerations

of available technology and cost of compliance, not to regulate all

railroad facilities and equipment, and chose rather to regulate only

certain equipment at this time.
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This decision by the EPA was based on its view that the uniform

Federal regulation of the noise produced by certain railroad facilities

and equipment is not necessary at this time since such noise sources

canbest be controlled by measures which do not now require national

uniformity of treatment in order to facilitate interstate commerce as

specified in Section 2(a)(3) of the Act.

The EPA has studied the operations of the rail carriers engaged

in interstate commerce by rail and bas seen that such operations are

imbedded into every corner of the nation at thousands of locations and

along hundreds of thousands of miles of right-of-way. The nature and

magnitude of the noises produced by the many types of facilities and

equipment utilized in these operations differ greatly and their lmpact

on the environment varies widely depending on whether they occur,

for example, in a desert or adjacent to a residential area. The Agency

concludes that the control of certain of these noise sources, such as

fixed facilities, or equipment used infrequently or primarily in one

location, is best handled by the State and local authorities, rather

than the Federal government. State and local authorities are believed

in this case to be better able than the Federal government to consider

local circumstances in applying such measures as the addition of noise

barriers or sound insulation to particular facilities, or the positioning

of noisy equipment within these facilities as far as possible from

noise-sensitive areas. Further, andmore importantly, theEPA did not

find during its analysis, and has not received from rail carriers, any

information identifying situations where the lack of uniform State and

R-5
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locallaws with respectto these facilitiesand equipment has imposed

any significantburden on interstatecommerce.

• In view therefore of the absence of evidence callingfor the

nationalregulationof all railroadfacilitiesand equipment in order

tofacilitateinterstatecommerce, the EPA believesthatitslimited

regulatoryactionas proposed in the Notice ofProposed Rule Making

to considerrailroadoperations,facilities,and equipment on an indi-

vidualbasisin decidingtheneed for theiruniform Federalregulation

isappropriate.

a. Horns. bells,whistles,and other acousticwarning devices.

The New York Department of Environmental Conservation, the

SouthCarolina Department of Health and'Environmental Control,and

the Oregon Department of Environmental Quality, all indicatedthat

complaints from citizensabout railroadwarning devicenoise were not

onlylargeinnumber but comprised the major source ofallcomplaints

about railroadnoise,and thereforecontendedthatsuchwarning devices

should be regulated.

The Agency in analyzing the problem of acousticwarning device

noiserecognized a unique characteristicof such noiseas opposed to

other railroadnoises. That is, itisa form of noisethatispurpose-

fullycreated and intendedto be heard for safetyreasons, insteadof

being an unwanted by-product of some other activity.As such, the

EPA found thatthese warning devices and theiruse are regulatedat
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both the Federal and State levels. Federal regulations ensure that

such devices on lncomotlves are suitably incated and in good working

order, (SafetyAppliance Act, 45 USCA; 49 CFR, 121,234, 428, 429).

State regulations are oriented toward specifying the conditions of use

of these devices. A recent study of the 48 contiguous States (see

Appendix B of Background Document) shows that 43 of these States have

such regulations. In addition, studies considered by the EPA also

included in Appendix B of the Background Document show that such

warnlngdevices do not appear to be unrelated to highway and pedestrian

safety, especially in emergency situations. The redaction or elimina-

tion of such warning devices through the authority of the Noise Control

Act does not therefore appear to be a reasonable consideration as

suggested by B. Leath, the South Carolina Department of Health and

Environmental Control, and Citizens Against Noise.

The EPA does recognize that a noise problem exists as to the use

and extent of railroad warning devices, and that regulat_>ry action may

be appropriate for controlling same. However, the Agency believes

that the requisite regulation can best be considered and implemented

by State and local authorities who are better able to evaluate the par-

tieular local circumstances with respect to the nature and extent of

the noise problem and the requisite safety considerations involved. Any

comprehensive Federal regulation in this area could be overly diverse

and cumbersome. The EPA encourages in this regard the interaction

between local and State governments and the railroads directly con-

cerned in solving the particular local noise problems associated with
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the use of such warning devices. Such interaction has taken place.

examples of which are included in the Background Document. and has

apparently produced both safe and cost effective solutions to these

local noise problems. However. if local authorities, after having first

sought solutions with the railroads involved, have still not been able

to resolve their problems, they are encouraged to then direct their

concerns to the EPA for possible further Federal action.

The South Carolina Department of Health and Environmental Con-

trol and the Oregon Department of Environmental Quality expressed

the opinions that acoustic warning devices are not needed around rail-

road yards, and are overused by the railroads, respectively.

The EPA has determined that the use of such warning devices in

and around railroad yards is not entirely out of place due to the often

heavy intermingling of workers and mobile equipment with locomotives

and rail cars. Such use may of course be beyond the extent necessary

to ensure safety, not only in railroad yards but wherever else railroad

horns, bells, and whistles are used. The term "overused" however,

is relative to the particular circumstances surrounding such use:

whether, for example, a railroad yard or rail-highway intersection is

situated in a residential as opposed to an industrialized area. These

situations are instances where the EPATs recommendation for railroad

and community interaction is at this time the most appropriate means

of achieving effective warning device noise abatement.
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R. Leath stated that railroad acoustic warning signals are ineffec-

tive due to the often loud ambient noise levels that exist in motor vehicle

interiors due to radios and other noise sources.

Acoustical analysis available to the Agency indicates that the

effectiveness of acoustic warning signals as used on police and

emergency vehicles as well as urban buses and trucks is a function

of frequency or tonal characteristics as weH as amplitude or loudness.

That is, recognition is achieved by a particular fixed or variable fre-

quency of a reasonable loudness that impinges itself upon whatever

ambient noise may exist. This view is in accord with the study refer-

enced above which Indicates that railroad warning signals do not appear

to be unrelated to safety, especially in emergency situations.

R. Leath also indicated that roadway drop gates equipped with

flasher units provide visual warning that is adequate without acoustic

signals.

EPA encourages alternate solutions to the routine use of acoustic

warning devices at rail and road crossings. For example, the elim-

ination of public grade level railroad crossings would do away with

the source of the problem, the intersection of rail tracks and public

thoroughfares. Such a program on a national basis of elevating or

depressing either the railroad line or the public thoroughfare at each

crossing, solely for the purpose of the abatement of acoustic warning

signal noise, is not considered appropriate. However, it should be

_, seriously considered in future public thoroughfare or railroad line

!I construction programs for both safety and environmental noise reasons.

R-9
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Warning gates too, as suggested, would appear to be an effective

safety alternative to acoustic warning signals. Specifying their use on

a national basis, however, would be prohibitively expensive considering

that costs range from $45, 000 to $90, 000 per unit. and that with the

extensive use ofgradelevel crossings in the United States. for example

Illinois having 15,000 railroad crossings without drop gates, the cost

would be $875 million or more in that State alone.

b. Repair and maintenance shops, terminals, marshaling yards,

humping yards, and specifically, railcar retarders.

The Association Of American R_ilroads commented that the EPA

should prescribe noise standards for area-type sources such as yards

and terminals.

The facilities and equipment found within railroad yard and

terminal areas, with the exception of locomotives, railcars, and some

mobile special purpose equipment, are permanent installations which

are normally subject to the environmental noise regulations of only one

juriscllction.

The Agency has determined that such fixed facility railroad yard and

terminal noise is best controlled at this time at the local level, employ-

ing measures which do not in themselves affect the movement of trains

and therefore do net require national uniformity of treatment. Signif-

icantly, the Agency has received no indication that existing State or local

ordinances which regulatenoLqe emissions from such fixedfacilities,

have in fact created any substantialburden on interstatecommerce.
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Local jurisdictions are familiar with the particular complexities of

their theircommunlty/railroadyardnoise situation,and as such, are in

a position to exhibit greater sensitivityin prescribing practical and

cost effective solutions to the local noise problem, Indeed. although

the A.AR has encouraged the establishment of Federal area noise stand-

ards for yards and terminals, it specifically pointed out in its remarks

that such facilities do vary in size, shape, and special characteristics,

and that the noises produced there are diverse. The EPA recognizes

that the communities which neighbor these yards and terminals arc

equally diverse, varying in land zoning and population density and

distribution. As such, a Federalregulation which successfully produces

substantial population health and welfare benefit at one locality may

produce little or no such benefit at another locality. For example,

the regulation of a railroad yard facility which is enveloped by a resi-

dential community would not achieve similar population health and

welfare benefit when equally applied to a similar railroad yard facility

which exists within a large industrial park complex. This observed

differential is directly attributable to the different land zoning and

population density and distribution characteristics of the two commun-

ities.

Acknowledging both the single jurisdictional +nature and the

diversity which characterize railroad yards and terminals and their

neighboring communities, and ctttngthe virtual absence of evidence that

nonuniform State and local regulation of railroad yard and terminal

facilities in fact substanttallyburdens interstate commerce, the Agency
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at thistime does not propose to establishstandardsfor theregulation

of railroad yard and terminal fixed facility noise.

The Department of Transportation commented that the EPA should

regulate retarder noise emissions. They indicated that active retarders

should be regulated by October 1976 since established barrier technol-

ogy makes it possible to meet that schedule. DOT further stated that

a plan to convert to retractable inert retarders should be implemented

by 1979.

The EPA recognises that rail ear retarding operations may produce

individual peak noise levels of up to 120 dB(A) at 100 feet, and may

be a problem noise source to the surrounding community. However,

as with other fixed facilities, retarders are subject to only one juris-

diction, and as such can best be regulated at the local level by means

which do not in themselves affect the movement of trains and therefore

do not require national uniformity of treatment.

The Agency's study of railroad yard noise (inclusive of retarder

noise} indicates that concern for noise from railroad yards is apparently

limited to certain locales, and is not a national concern. This is due

in large part to the location of a number of yards in non-urban areas

and the relatively few existing retarder systems, approximately 120

today. This local nature of the retarder noise problem further reduces

the desirability of a Federally preemptive regulation.

DOT's comment in support of a Federally preemptive retarder noise

regulation which would utilize barrier technology does not consider

the local characteristics of each community whichis impacted by retar -

der noise. For example, in a situation where a retarder yard is
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bordered on one side by a residential area and on all other sides

by an unpopulated wooded area, a barrier could be beneficial to public

health and welfare on thatside of the retarder which faces the residen-

tialarea. Under such circumstances a community would receive insuf-

ficienthealth and welfare benefits to justify the costs incurred by

a Federally preemptive regulation which mandates the installationof

barrier walls on both sides of retarders. At the currently estimated

materials cost of $70 to $100 per linear foot for barriers, barrier

costs would run from $,50 thousand to $100 thousand per railroad yard

and from $9.9 to $19.1 million for the entire railroad industry. Main-

tenance andreplacement costs, yard down time, and track modification

costs have not been fully identified. Expenditures should be assured

of producing maximum benefits, and this may best be done through

local regulation. Available space for installation of barriers, and

i safety hazards, which might accrue thereto, have not been identified,

: and are peculiar to the particular characteristics of the individualZ:

railroad yards, and as such may be best accounted for through local

regulation.

A Federal regulation for conversion of inert retarders to retract-

able inertretarders would be subject to considerations similar to those

discussed for the erection of barriers around active retarders, except

that probable yard downtime andinstallation and materials costs would

be considerably greater for conversion to inert retractable retarders

than for the erection of barriers. The EPA estimates that conversion

to retractable inert retarders would cost $7. 5 thousand for each re-

tarder, not including labor, yard down time, or maintenance costs.
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A pplylnga gross estimate of 20 thousand such retardersnationally,

estimatednationalconversioncoststothe retractablemode, exclusive

oflabor,yard downtime, andoperationalcosts,would be $150million.

Although the EPA does not currentlypropose to regulateretarder

noise,itdoes recommend thatlocaljurisdictionsestablishregulations

which require railroads to utilizebarrier technologywhere needed,

and where both practicaland feasible.Further considerationmay be

givenhy the EPA to possibly providingfutureregulationsto require

thatnew retarder installationsbe equipped with retractableinertre-

tarders, computer control systems, retarder beam lubrication

systems, or other availabletechnicaldevelopments which resultin

significantnoise reduction from retarders as the need for such

regulationsis demonstrated relativeto the costs involved and the

availabilityof of technology.

DOT also commented thatthe EPA should promulgate a regulation

whleh protects railroad workmen as well as the community from retar-

der noise.

For reasons outlinedabove, theEPA does notpresentlypropose to

regulateretardernoise from eitherthe community healthand welfare

or the occupational health and safety point of view. The latter consid-

eration is specifically under the purview of the Occupational Safety and

Health Administration (OSHA)and is properly addressed by that Agency.

Currently, the Federal Railroad Administration (FRA) is proposing

a regulation which would limit noise levels within railroad workmen's

sleeping quarters. This proposal is in response to a petition from the

Congress of Railway Unions (CRU) that the FRA institute rulemaking
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procedures to prohibit railroads from having or providing employee

sleeping quarters less than one mile from its property or yards where

switching or humping operations are performed; The FRA's proposed

regulation does not regulate the distance of sleeping quarters from

the railroad yard; however, it does specify acceptable interior noise

levels for sleeping quarters.

c. Special purpose equipment.

The Association of American Railroads commented that the

EPA should promptly establish noise limits applicable to the noise

from special purpose equipment.
i
i Examples of special purpose equipment which may be located

on or operated from rail cars include: ballast cribbing machines,

ballast regulators, conditioners and acarifiors, bolt machines, brush

cutters, compactors, concrete mixers, cranes and derricks, earth
!
i boring machines, electric welding machines, grinders, grouters,

pile drivers, rail heaters, rail layers, sandblasters, snow plows,

spike drivers, sprayers and other numerous types of maintenance-

of-vcayequipment.

The Agency realizes that special purpose equipment such as

that used for maintenance-of-way activities is essentially construction

i equipment, and as such may emit loud intermittent noise. Railroads

may avoid noise problems by keeping routine maintenance activities

to reasonable times, and local jurisdictions may easily regulate oper-

ation times for such equipment as long as exceptions are allowed for

emergency use. For example, a community may wish to regulate the

hours allowed for routine operation of spike driving equipment, but
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exception must be made for the operation of such equipment in the

aftermath of a derailment, so that interstate commerce would not

•be unduly impeded.

The small numbers of such equipment° their infrequency of

use. and the relative ease with which viable local regulations may

be instituted, all tend to make a Federally preemptive regulation overly

expensive relative to the benefits received.

Comments received by the Agency did not indicate that any

cases currently exist where nonuniform local or State re_,ulatton of

special purpose equipment has unduly burdened those railroads so regu-

lated, and at this time the Agency does not believe that special purpose

equipment requires nati.onal uniformity of treatment. However, the

rail earsthemselves on whichsuch speeialpurpose equipmentis located

are included under the standards for rail ear operations. The Agency

continues to solicit notice of specific eases where nonuniform local

or State regulation of special purpose equipment has created a burden

on interstate commerce. If in the future it appears that national uni-

formity of treatment of such equipment is appropriate, noise erats-

sion standards may be proposed.
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d. Track and Right of Way.

The Minnesota Pollution Control Agency, the Illinois Environ-

mental Protection Agency, and the ADM Company raised questions

dealing _vith the absence of track and right-of-way standards in the

proposed regulation. The Minnesota Pollution Control Agency and

the Illinois Environmental Protection Agency stated that in vie_, of the

fact that the EPA had preempted State and local authorities from re-

gulating track and right-of-way in the Notice of Proposed Rule M_dng,

it was in conflict with its mmldate to issue noise emission standards

reflecting "best available technology" since the regulation itself did

not contain any track standard. The ADM Company was concerned

that since a track standard was not included in the regulation, quiet

rai/cars might be penalized for wheel/railnoise caused byfaultytraek.

The EPA fully recognizes the need for track and right-of-way

standards in any regulatory strategy that attempts to quiet the move-

ment of rail cars.

The standard promulgated for rail cars applies to the total noise

produced bythe operation of trains oniracks. As such it is preemptive

with respect to both rail care and track. It reflects the noise level

achievable by application of best maintenance standards to rail ears.

Further reductions in noise levels are achievable through various track

repairs and modifications. However, the EPA has not fully identified

the available technology or the applicable costs associated with such

practices. In the future, the EPA may propose standards which would

require their application.
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e. Rail cars equipped with auxiliary power equipment, and mass

transit systems.

The Department of Transportation and Fruit Growers Express Co.

recommended the inclusion of noise standards for mechanically

powered refrigerator cars in the regulation. [n addition, the National

Railroad Passenger Corportation (AMTRAK) called for separate regu-

lations dealing with passenger related cars equipped with auxiliary

power equipment.

The initial decision' by the Agency was to regulate noise from all

sources produced by rail cars while in motion only. and to leave to

State and local authorities the regulation of whatever noise is produced

from rail cars while stationary, This decision was made because these

noises are a problem only when such cars are parked near noise

sensitive areas (such noises being indistinguishable from other rail-.

road car noises while the cars are in motion), and because it was

felt that such localized problems could best be controlled by measures

such as the relocation of such cars to less noise-sensitive areas.

The Agency was and continues to be cognizant of the extent of

the problem that can be caused in specific instances by the continuous

operation of the diesel or gasoline engines which operate on such cars.

Noise levels as high as 75 dR(A) at 15 meters (50 feet) are possible

from refrigerator cars parked with their cooling systems running

in marshalling yards and humping yards. Noise from refrigeration

cars becomes a more appreciable problem due tothe fact that operating

refrigerator cars are often parked coupled together in large numbers.
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A dditionaldataacquiredby and suppliedto the Agency has Shown that

the problem exists not only with refrigerator cars but also with various

passenger-related cars such as dining cars, lounge cars, care-type

cars, and others equipped with self contained power units; and that

the abatement of such noise appears able to be and in certain instances

is now being accomplished through the use of existing muffler designs.

In this regard, and in response to the point raised by Fruit Growers

Express Co., the statements on p. 4-28 and 4-37 of the original Back-

ground Document have been corrected to reflect the use (although of

undetermined adequacy) of mufflers on the auxiliary engines used in

refrigerator cars.

The Agency therefore may consider the possible promulgation of

a regulation dealing with the noise produced by mechanically refriger-

ated freight cars and passenger cars equipped with auxiliary power

equipment so as to reduce the impact of such noise when these cars

are parked near noise sensitive areas.

It should be noted that in the regulation being promulgated herein,

the standard for rail car operations refers to the total noise gen-

erated, and that the setting of emission standards on any element of

that noise is preempted, whether the rail car is in motion or sta-

tionary. This Federal regulatory action does not, however, interfere

with the ability of State and local governments to enact or enforce

noise emission regulations on railroad yards that require

railroads to erect noise barriers. Nor does this regulation

• I-t9
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interfere with the ability of State and local governments to enact or

enforce noise emission regulations which require the relocation of

parked rail cars that generate noise so long as such regulation is

reviewed and approved by EPA pursuant to Section 17(c)(2) of the Act.

Fruit Growers Express Co. asked for an extension of tile period of

time prior to promulgation of the final regulation so that refrigerator

car noise emissions could be studied in relation to wheel/rail noise.

Studies and data considered by the EPA show that such noise can

range from 72 dB(A) (Thermo King Corporation, a major manufacturer

of refrigeration equipment0 1975) to 75 dB(A) (Wyle Laboratories, an

acoustical consulting firm, 1973), and that it is indistinguishable from

overall train noise while the train is moving. As such, and in the

absence of a showing that the existing data is questionable, no extension

has been granted.

The Department of Transportation expressed concern for the fact

that very few refrigerator cars are owned by the railroads, and that,

consequently, refrigerator car owners' ability to pay for mufflers

should he considered quite apart from the economic position of the

railroads.

As i_ndicated above, this regulation does not require the abatement

of refrigerator car auxiliary equipment noise, and accordingly there

is no related cost of compliance incurred. Consideration as to the

costs to be incurred by the'actual owners of such rail cars as may be

affected by any future regulatory action would be fully and adequately
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addressed during the course of the regulatoryprocess thatwould be

conductedrelativeto such regulation,

CitizensAgainstNoise suggestedthatthe regulationbe made appli-

cableto the operationof and equipment utilizedby intraurbanmass

transitsystems.

The Agency has not intendedand does net intendthatintraurban

mass transitsystems be covered by the regulationbeingpromulgated

herein. Itis theAgency's judgment thatsuch systems are specifically

excluded from regulationunder Section17 of the "NoiseControl Act

of 1972 by the definitionof*carrier"cltedin the Act which excludes

"... streetssuburbanj and interurbanelectricrailwaysunlessoper-

atedas a part of a general railroad system of transportation."In

addRion such systems operateprincipallywithinone jurisdictionor

in some cases throughouta small number of contiguousmetropolitan

jurisdictionsunder the purview of a singletransitauthorRy,and as

such do not appear to requireuniform Federal regulationinorder

to facilitateinterstatecommerce. However. the exclusionof such

systems does not alsoexcludetheoperationsand equipmentassociated

withcommuter railservices provided by a number of interstaterall

carriers.
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Section 201.11 - Standards for Locomotive Operations Under

StationaryConditions.

a. Locomotive atIdle

Both General Motors and the AAR commented on theproposed

idle standard. While the A-AR comment was general and they stated

onlythat a muffler that meets the proposed full throttle standard is not

likely to meet the idle requirement too, General Motors' comment was

quite specific and was backed by data. Within the text of the General

Motors document entitled "Additional Comments of General Motors

Corporation With Respect to the Proposed Railroad Noise Emission

Standards," General Motors offers a graphical analysis of idle noise

level emissions as measured for SD40-2, GP39-2, and GP38-2 loco-

motives. The graphs compare A-weighted octave band sound levels

measured at three feet from the exhaust outlet and 100 feet from the

side of the locomotive during full power. Radiator cooling fans were

not operating during the time of the testing in order to eliminate their

influence. Quoting General Motors:

Inspection of these plots shows that a good
correlation for all three locomotives can be made be-
tween the full power exhaust noise inspection at three feet
and the overall locomotive noise inspection measured at
100 feel when a 30 dB attenuation factor for hemispher-
ical sound spreading is used to correct for the increased
distance. For most pointsj the measured octave band
level at 100 feet, is less than that predicted using the
30 dB attenuation factor indicating excess attenuation not
accounted for. When the measured octave band level is
greaterthanthat predicted, structurally radiated locomo-
tive noise is contributing to the overall locomotive noise.

In the General Motors document entitled "Comment of General

Motors Corporation with Respect to Proposed Railroad Noise Emission

Standards," General Motors states "that our tests have shown that
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a muffler capable of reducing number 8 throttle position, full power

locomotive noise by 5 dB (A) at 30 meters, reduces the idle locomotive

noise only 0.5 dB(A ) at 30 meters." This statement is not backed with

specific data as was the case in General Motors Additional Comments.

Based on the above, General Motors summarized that a standard

of 67 dB_A)at 30metersduring idle is not considered feasible by muf-

fler technology alone, that engine exhaust is not the dominant source

mechenismwhenthe loeomotiveis in idle, and that structurally radiated

sounds are dominant:

It is Gl_i's opinion that extensive car body treatment
such as the addition of sound absorbing and damping
materials, the addition of access door seals, the
replacement of access doors and panels with acoustical
shielding, or any combination of these methods, would
be necessary in an _ttempt to achieve a standard
87 dB(A) at 30 meters under idle conditions. Such car
body treatment violates the basic design concept of the
narrow multi-door hood-type locomotive which number
approximately 90% of the locomotives in use. in that
it would greatly restrict the ease of maintenance and
compliance.

GM estimated that car body modification alone would cost as much

or more than a muffler retrofit program.

The General Motors data indicates that certain idling locomotives

emit noise levels dominated by structural radiation which may be as

high as 69 dB_) at 100 feet. EPA data further indicates that some

locomotives may emit idle noise levels in excess of 69 riB(A) which are

also dominated by structurally radiated noise. Locomotives with such

high levels of structurally radiated noise cannot be brought into com-

pliance with the proposed level of 87 dB (A) through, for example, muf-

fler application alone. Accordingly, the Agency has amended the lace-
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motive idle noise standard, increasing the allowable noise emission

level from the proposed 67 dB(A) to 70 dB_A) at 100 feet.

The National Railroad Passenger Corporation (AMTRAK)

commented that diesel electric locomotives equipped with auxiliary

power generatorsor twintractionengines,and gas turbinelocomotives,

may not be able to meet the idlestandard,and that specialstandards

should be promulgated for such equipment.

In proposingthisregulationtheAgency intendedtoprovideFederal

preemption for all locomotive noise sources excepting acoustical

warning devices, thus providingnationaluniformityof treatment'for

these mobile noise sources, Accordingly, Stateand local regulation

of noiseemissions from such locomotivesequippedwith auxiliarygen-

erators used to power electricalunitson passenger cars, including

the noisefrom such auxiliarygeneratorsper so, shouldbe Federally

preempted.

Thus theAgency has determined thatFederallypreemptive regula-

tionof noise from auxiliarypower unitsis appropriate. However, the

noise from such sources was not speciRcallyaddressed by theAgency

duringrulemaking, and the standardas proposed consideredonlyidle

settingnoiseemissions from theprimary propulsionenginesofthe

stationary locomotives.

Because passenger locomotives do spend conslderabletime in a

stationarydispositionwithauxiliarypower unitsoperatingatthe same

time that the primary diesel engines are idling, the Agency foresee

circumstances where the auxiliary unit noise may dominate other noise

emissions from the idling locomotive, and thus be appropriate for

regulatory action. After further consideration of this matter theAgency
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may address noise standards for such auxiliary units in a separate rule

making. However, because the intent of the Act was to provide national

uniformity of treatment where non-uniform State and local ordinance

could likely impose a burden on interstate commerce, and because the

locomotive as a whole is subect to this regulation, the Agency believes

that its regulatory action relative to locomotive noise emissions is

also preemptive with respect to State and local ordinances relative to

noise emissions from the auxiliary power units which are an integral

part of many such locomotives.

The Agency has received no data which would indicate that twin-

engined diesel-electric locomotives are in fact incapable of compliance

with the idle standard. Since the Agency has no data which would

demonstrate that twin diesel engines are inherently louder than larger

single diesel engines, and since twin engined locomotives utilize the

same basic diesel-electric technology as the more common single

engined locomotives, separate standards for twin-engined

diesel-electric locomotives are not included in this regulation.

The standards as promulgated are therefore applicable to these loeo-

mo_.ves.

_rl_le theAgencyhas sufficient datatu confidently assess the ability

of gas turbine-powered locomotives to meet the moving condition

standard, the Agency has not been able to acquire sufficient data on

the idle setting or stationary runup noise levels of gas turbine

locomotives. Due to the virtual unavailability of such stationary noise
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data,the regulationas proposed has been revised,and the idlesetting

aridstationaryrunup noise standardsare no longerapplicabletogas

turbine locomotives. However, thisregulationis preemptive with

respect to Stateand localregulationof allturbinelocomotive noise,

exceptingthatfrom acousticalwarning devices, includingregulation

when such locomotivesare stationaryat idle. After the Agency has

compileda sufficientdatabase, idlesettingsand stattonaryrunup noise

standardsfor gas turbinelocomotivesmay be establishedas a revision

to these regulations.

b. Locomotive atany ThrottleSettingExcept Idle.

The U.S. Department of Transportation (DOT) questioned the

acoustical acceptability of the typfcal load. cell test sites and the valid-

ity of self loading due to the unaccounted for influence of noise emis-

sions from the dynamic brake grid fans. Also cited was the possible

obstruction of routine railroad operations due to local enforcement

of the stationary standards.

DOT indicated that areas near railroad load cells are not far enough

from reflective surfaces to be effective test sites. They also indicated

that if load cells are to be used for enforcement, the EPA should

prescribe correction factors to account for the acoustical variability

of actual load cell test sites.

In answering the above claim that load cells are unsuitable for

locomotive noise measurement because they are situated ten close to

reilsctive areas, the EPA cites the fact that a number of load cells

are portable and are readily available on a rental basis. These portable
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cells may be transported to an acoustically acceptable site for

locomotive noise testing. At such sites, accurate and meaningful noise

measurements may be obtained without the use of site correction

factors.

Additional DOT response indicated that the self loading test is not

valid because the cooling fans on the dynamic brake grids operate

during self-loading, while in actual operations, grid fans are never

operated. They state that the inherently high level of noise attributable

to cooling fan operation (both engine and dynamic brake grid fans)

daring self load would interfere with the accurate and meaningful meas-

urement o2 exhaust noise.
i

The EPA has considered the above comment and believes that objec-

tions to the self loading test are valid. Therefore, considering the

diffinultfes involved in obtaining accurate measurements due to the

interference o£ dynaminbrake grtd fan noise, and citing the availability

of portable rented load cells, the Agency has decided to delete the

self loadingtest as a recommended stationary testing procedure, while

simultaneously endorsing the use of portable load cells.

DOT indicated concern that enforcement of stationary standards

could result in significant obstruction of routine railroad operation

and hence interfere with the flow of interstate commerce. That is, any

enforcement official could order any one or any number of locomotives

to be moved to a load cell or self load area for testing, regardless

of the maintenance work schedule at the load cell or the need for the

subject locomotives to be engaged in interstate commerce.
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Such potential difficulties have been considered by EPA. and the

Agency believes that their effects may be minimized through proper

structuring of the DOT compliance regulations which may specify

responsible enforcement procedures.

Section 201.12- Standard for Locomotive Operation Under Movin_

Conditions:

The U.S. Department of Transportation {DOT) favors a moving

locomotive standard as a substitute for a stationary standard, but

stated that EPA_s definition of wayside surface conditions should be

improved.

The EPA strongly believes that a stationary as well as a moving

locomotive standard is necessary in order to account for the varying

nature of locomotive noise. Utilization of both stationary and moving

standards also facilitates adequate and accurate enforcement. The

additional measurement criteria which are being incorporated by the

EPA as part of the final regulation will specify wayside surface con-

ditions in greater detail.

The National Railroad Passenger Corporation (AMTRAK) indicated

that the moving locomotive standard should be speed, related as is

the ease with the rail car standard. They further stated that gear

noise, traction motor noise, and noise from locomotive appurtenances

are speed related.

EPA data indicates that while diesel-electric locomotive noise doe_

not appea_, to he speed related, electric freight, electric high speed
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passenger, and turbine high speed passenger nois e levels do exhibit

some speed-related correlations. However, the high speed noise

emission levels exhibited by these locomotives appear to fail within

the EPA's 90 dB(A) standard, and should pose no special compliance

problem.

Sectlon 201.13 - Standard for Rail Car Operations:

.DOT indicated that it is appropriate to lh'nlt any car regulation to

at least two degree or wider turns as with the Iocomoilve standard.

The EPA concurs with that statement and has made the appropriate

changes in the Rail Car Standard.

A private ear owner, the ADM Company, was concerned that the

EPA Rail Car Noise Standards would require greater maintenance than

that prescribed by the FRA (1974) Railroad Freight Car Safety

Standards already in effect,

! The EPA Rail Car Noise Emission Standards are based on those

noise levels achievable through best practice maintenance. As such,

the data used to determine the noise level standards was obtained from

noise measurements of typical rail cars which were subject to main-

tenance requirements no more restrictive than those currently pre-

scribed by the FRA Railroad Freight Car Safety Standards,

SLnee the data which were used to determine the Rail Car Noise

Emission Standards were based on current maintenance requirements,

compliance with the noise regulations is not anticipated to cause any

additional maintenance burden.
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ShellOil Company, s privatecar owner, statedthatthe Federal

standards on rail car noiseshould not apply toprivatelyowned cars

because privateowners do nethave the abilitytoservicecars engaged

in interstatecommerce.

The Agency replies that_vhileultimateresponsibilityand liability

for rail car maintenance lies with rail car owners, immediate respon-

sibility and liability is assumed by the rail carrier who is moving the

car in interstate commerce, and who does possess the ability to service

rail cars.

Section 201.11, 201.12, 201.13 - 365 Day Standard:

The U.S. Department of Transportation (DOT) stated that the 365

day standards provide a disincentive to rebuild old locomotives into

compliance orto specify ne_vlscomotivesbe delivered with the mufflers

needed to achieve compliance.

Since the Agency has elected to delete the retrofit requirement

due to disparities in current cost and technological data, only the sec-

ond part of the above comment requires consideration. The Agency

intends the 365 day standard to be a "best maintenance practice" stan-

dard which precludes further deterioration of locomotive noise levels,

while allowing adequate time for application of the available technology

prior to the effective date of the more restrictive newly manufactured

locomotive standards.
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C. COMMENT ON ADDITIONAL ISSUES

i. Meetin_ the Standards with Newly Manufactured Locomotives

The Association of American Railroads and General Motors

Corporationboth indicatedtheirsupport of newly manufacturedlocg-

motive regulations,and Donaldson Company, Incorporated,statedthat

the technical and production eapabilitydoes exist for new locomotive

mufflerapplications,Having receivedno appreciablecommentin oppo-

sitionto theregulationofnewly manufactured locomotives,theAgency

has promulgated best technologynoise emission standardsapplicable

to locomotives whose manufacture is completed four years from the

date of promulgation of the regulation.

2. Meeting the Standard with Existing Locomotives (Retrofit)

a. Economic Considerations

(1) Impact in General

Economic Comments of the Association of American Railroads

The Association of American Railroads (AAR) commented that the ii

EPA vastly underestimated retrofit/muffler introduction costs, with

costs actually running between $8,390 and $12,890 per locomotive.

(a) The AAR indicated that the EPA did not properly

! account for:

(_i)Increased annualfuelconsumptionof40,000,000

gallons, or 1% of present consumption, at an additionalcost of

$11,800,000per annum.

(--2)Increasedmaintenance expenses.
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(3) Capital cost of new facilities for retrofit.

(4) Cost of repair to internal parts of locomotives

damaged by a poorly working muffler (the direct result of Increased

backpreseure).

(5) Replacement cost of mufflers.

(_0)A $14.18/hour labor charge, instead of the EPA

figure of $5.80/hour.

(b) EPA underestimated the number of locomotives involved

in the retrofit (by 13_0 error).

(c) EPA underestimated the value of a "locomotive day."

(d) EPA did not take into account the "bottleneck" effect of

stoppage at any point in the total operation o_ the railroad system due

to locomotive downtime.

(e) EPA's cost ignores the very important matter of the

probable forced retirement of some 1,000 older Aleo and Fairbauks

Morse locomotives due to retrofit.

(1) The railroads and locomotive manufacturers are cur-

rently working at capacity. Any forced retirements would accentuate

the locomotive shortage.

(2) Replacement costs would run from $250° 000. 000 to

$400. 000. 000.

(f) The EPA rationale for using net revenue (in estimation

of the financial burden of retrofit in the Background Document) is not

explained. Net revenue is irrelevant there: ordinary net income (ONI)

should have been used. If O.hT.L had been used, ratios would have

been five times as great as those shown in the Background Document.
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_EP.A Responses to SpecificAAR Comments

(a)(1)The EPA acknowledges that muffling oflocomotives could con-

ceivably cause increased fuel consumption of up to I°/0'annually, as

estimated by the A.AR. This percentage is based on an A_R estimate

where the mufflers are assumed to create additional backpressure

which equals the maximum allowable backpressure specified by loco-

motive manufacturers' warranties - 5 in. H20 for EMD turbochargnd

locomotives and 21 in. H20 for EIMD Rootes blown locomotives. Since

increasing backpressure generally creates a proportionate fuel

increase, suehworst case backpressure assumptions may be similarly

expected to project an estimate of worst case increased fuel

eonsumptlon,

The Agency believes that the I% f_re is considerably high, since
Z

for many locomotives, mufflers may be designed to produce a back-

pressure which is substantially below the locomotive manufacturers'

warranty specifications; hence, fuel consumption increases for those

locomotives should be considerably less than the AAR's projected 1%

figure.

(a)(2) A concern over increased maintenance expense also

presupposes a considerable backpressure increase due to muffler

introduction, with increased backpressure causing additional

maintenance requirements for internal locomotive parts.

A recent report on computerized muffler design, prepared by

B° H Baranek and Newman for the EPA, as well as several instances

where test mufflers have been fitted to locomotivesj give indication

that sophisticatedmuffler design may restrict backpressure increases
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to substantially less than manufacturers' warranty specifications upon

application to most existing locomotives. This would result in

significantly less wear of internal locomotive parts. However, further

testing of physical prototype muffler applications would be necessary"

for a more definitive resolution to this problem.

Maintenance requirement increases are also related to muffler

failure rates. Mufflers could be made out of anti-corrosive, heat-

resistant alloys for a long service life. Also, an important considera-

tion is the fact that mufflers would be within the carbodies of the loco-

motives and would not be exposed to the elements, thus extending their

expected useful life. Large industrial mufflers have been designed for

a useful life of over 20years and it is expected that locomotive mufflers

may he designed for a similarly long life span.

(a}(S) Studies completed by the EPA indicate that the railroad.

industrycurrentlyhas approximately 9 percentexcess shop capacity.

Further informationconcerning this subject may be found in the

Background Document.

(a)(4)Adequate testingoflocomotivemufflerapplicationsprior to

a widespread retrofitprogram would preclude widespread defective

mufflerperformance, and accordingly,damage of internallocomotive

parts due to a poorly working muffler would be a very infrequent

occurrence,

(a)(5)As previouslymentioned indiscussion(a)(2),concerningIn-

creased maintenance expense, locomotive mufflers may be designed
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for a long useful service life and they are protected from the elements

by enclosure within the locomotive earbody, Accordingly, they should

require minimal and infrequent replacement.

(a)(6) The Agency has conducted further study of the labor rate,

and has adjusted its estimated figure from $5.80 to $7.92 per hour.

Further information concerning this subject may be found in the Back-

ground Document.

(b) The ]_PA acknowledges this incerrect estimate and has in-

cluded a 13.7% increment in its current retrofit cost analysis.

(c) The Agency has reviewed its estimate of the value of a

"locomotive day" and has arrived at a revised estimated value of $560,

as opposed to the EPA's original estimate of $1257. Further informa-

tion concerning this subject may be found in the Background Document.

{d) The Agency believes that enforcement regulations will be

promulgated which will be sensitive to locomotive scheduling and there-

fore will avoid any major cumulative disruption of rall services.
!
: (e) EPA data indicates that the some 1, 000 older Aloe and Fair-

banks Morse locomotives in question are currently being retired at a

rapid rate, indicating that virtually the entire population of such loco*

motives would be retiredprior to the proposed 4-year effective date of

the retrofit requirement. However, this is no longer a relevant con-

cern due to the fact that retrofit has been deleted from the regulation

as promulgated.

{f) The EPA elected to use net revenue as opposed to ordinary

net income in the Background Document's estimate of the financial bur-

den of retrofit because the Agency believes that net revenue is a better

measure of the firm's ability to meet short run operating e_'penses

of the type incurred in a locomotive retrofit program.
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Other Economic Comment

The DOT estimated $153 million for retrofitas opposed to original

EPA estimates of $80 million to $I00 million dollars, and Donaldson

Company, Incorporated, indicated that muffler and accompanying

hardware costs will be 2 or 3 times higher than estimated in the

Background Document, with costs depending heavily on the amount

of auxiliary hardware required to overcome space and baekprnssurc

limitations.

Retrofit largely involves the phased addition of mufflers to the

existing locomotive fleet. Several docket entries contained economic

and technological data which conflict significantly with

the ErA data which appears in the Background Document, The prin-

cipal areas of conflict involve disparities in determination of the "best

available technology" as it exists today and the resultant costs of its

application. There exists a further complicating factor in that the

available space configurations existant within many locomotives have

been altered over the years due to the addition and modification of

various locomotive components such as dynamic braking systems and

spark attesters. As a result of this practice there exist today

numerous and diverse locomotive configurations, each possessing its

• own specific peculiarities, which must be accounted for in a retrofit

program, The implications of this diversity of locomotive configura-

tions and the accompanying disagreement concerning available

technology and the cost of its application (i. e., labor rates, capital

costs of new facilities., etc.) have given rise to cost of compliance
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figures which range from the EPA's original estimates of

$80 to $I00 million to industry estimates approximating

$400to$800 million. Although thegenerationof additionalinformation

concerningthe availabilityof technology may allow the Agency to

reconcilethese widelyvaryingretrofitcost estimates, the collection

of such data would be a costlyand time consuming process which may

produce a retrofit cost estimate wl_ch remains substantially high

relative to the public health and welfare benefits which would result,

especially in view of the fact that railroad noise has not been identified

as one of the major sources of noise in the environment. For these

reasons the Agency has decided to remove the retrofit require-

ment from the regulation being promulgated herein. Acknowl-

edging the uncertainties which currently accompany the retrofit pro-

vision, the Agency may reconsider the retrofit issue and may promul-

gate a retrofit requirement should further information indicate that the

technology is available and that retrofit compliance costs are

reasonable, relative to the health and welfare benefits to be accrued.

(2) Economic Impact on Bankrupt/Marginal Railroads:

The Association of American Railroads, Mr. R. Harnden, and

Mr. K. K. King, expressed concern that the regulations as proposed

may have substantial adverse economic impact upon the bankrupt and

marginal railroads.

The Agency has endeavored to anticipate and account for all costs

which the bankrupt railroads specifically, and all railroads generally,

may incur as the result of this regulatory action. Best and worst
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case estimates for the sum of equivalent annual manufacturing costs

and equivalent annual fuel costs over 25 years, vary from $4.59 million

to $4.78million for the entire railroad industry. The fractional impact

of these costs on the marginal and bankrupt railroads is expected to

be approximately 28 percent of the total cost to the entire railroad

industry, with such costs not seen as being significant in

comparision to other costs regularly incurred by such railroads.

(b) Technical Considerations

The Association of American Railroads (A.AR), the Illinois Rail-

road Association (IRA)m and Donaldson Company, Incorporated, indi-

cated concern that mufflers may cause excessive backpressure when

applied to locomotives, especially when coupled with spark arresters.

The AAR, and the Salt River Project, of Phoenix, Arizonam indicated

that this backpressure increase will cause an increase in fuel consump-

tion, with the AAR also warning of increased chemical and particulate

air emissions.

Mufflers can be designed which are well within the manufacturer's

warranty backpressure specifications, for both Rootes blown and turbo-

charged locomotives, for use both with or without spark arresters.

Mufflers which are within these specifications should cause only

insignificant increases in atmospheric pollutant emissions and a

minimal increase in fuel consumption.

The Forestry Department of the State of Oregon urged the EPA to

carefully consider the production and control of carbon particles in

the locomotive exhaust, and the Assooiatinn of American Railroads
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(AAR) Indicated that carbon collection in mufflers presents a potential

fire hazard.

The EPA has given careful consideration to the production and

controlofcarbon particles and sees no indicationthat properly designed

locomotive mufflers will interfere with effectivespark arresting.

Hareo NIanufacturingCompany, a member of the muffler manufae-

turlng industry, reinforced this posture in their docket response,

expressing their professional opinion that effective mufflers can be

designed to integrate with spark arresters, while keeping within avail-

able space limitations.

Presently there is no substantial indication that carbon collection

in locomotive mufflers would present a potential fire hazard. Within

spark arrestere which are currently found on today's locomotives,

carbon particles are gathered from the exhaust gases prior to the pas-

sage of those gases through the outlet section of the spark arrester for

discharge through the exhaust pipes. While it could be postulated that

hot carbon might conceivably collect within mufflers which are in tan-

dem with or are integrated into spark arresters, it could also be pos-

tulated that such carbon collection might just as readily occur at the

outlets of spark arresters or within exhaust pipes which are presently

found on locomotives. However, no such fire hazard due to carbon

collection has been evidenced at spark arrester outlets or in exhaust

pipes, and theAgency sees no indicat'ionthat the installation ofmufflers

will substantially increase the potential for such a fire hazard.

The Association of American Railroads (AAR) indicated concern

that increased railroad rates to cover compliance costs may cause
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diversion of traffic to more fuel intensive modes which also emit more

atmospheric pollutants.

Original Agency analysis of this issue indicated that retrofit costs

would, in themselves alone, be insufficient to cause a major increase

in railroad freight rates. This EPA estimation was largely attributable

to the relatively low magnitude of retrofit costs in comparison to total

railroad costs and operating expenses. A further contributing factor

is the fact that a large and increasing proportion of railroad tonnage

involves the transport of bulk commodities and raw materials such as

grain and coal for which there is generally little cross-elasticity

between the major land transport modes. Further information on

this subject may be found in the Background Document.

The Association of American Railroads (AAR) indicated that the

application of mufflers will result in decreased reliability of the loco-

motives both with respect to failure of the mufflers themselves and to

other components of the locomotives.

Mufflers could be made out of anti-corrosive, heat-resistant al-

loys for a long service life. Also an important consideration is the

fact that the muffler would be within the earbody of the locomotive and

would not be.exposed to the elements, thus ex_ending its expected use-

ful life, Large industrial mufflers have been designed for a useful

life of over 20 years and it is expected that locomotive mufflers may

be designed for a similarly long life span. Also, the design and util-

ization of mufflers which are within manufacturers' backpressure spae-

ficattons, shouldpreclude major adverse effects to other internal loco-

" motive components.
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Donaldson Company, Incorporated_ indicated that they see little

problem with the retrofit of switcher locomotives, but that a visibility

restriction, however, may hinder direct application of the muffler

to the switcherfs hood.

Donaldson further indicated that the retrofit of road locomotives

will be more difficult, with the retrofit of turbocharged locomotives the

most difficult of all. They attributed this difficulty to the lower back-

pressure and greater space restrictions of turbocharged engines, ex-

plaining that these space restrictions are further complicated by the

fact that turboeharged locomotives require large size mufflers due to

their large air flow. Donaldson stated that the necessary technology

is available to retrofit turboeharged locomotives; however, consider-

able design ingenuity will be required to ensure its successful appli-

cation.

Donaldson Company indicated its agreement that mufflers can pro-

vide between 8-10 dB(A) attenuation (locomotive exhaust noise at i00

ft., full throttle), but beyond that noise reduction level, other noise

sources become dominant.

The Association of American Railroads (AAR) indicated that

exhaust muffler manufacturers would have difficulty in designing muf-

flers for particular engines, unless they knew all the parameters of

the engines involved. Donaldson Company reinforced this opinion by

stating that they do not have the capability to develop muffling/silencing

systems independently of the railroads or locomotive manufacturers.

Since the regulation is now applicable to only newly manufactured

locomotives, the Agency foresees no problem with the coordination

of both locomotive engine and muffler design in order to achieve new

locomotive compliance.
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3. Health and Welfare.

E. Schmidt, R. Harnden, K.K. I¢.ing, and the City of BIoomfleld,

New Jersey, indicated that the EPA did not provide adequate informa-

tion as to the number of people impacted by railroad noise nor the

number tobebenefited by the regulation. The Association of American

Railroads called for information as to whether such people were ad-

versely affected from a health and welfare standpoint initially.

The Agency included in the Background Document studies and data

which indicated that the number of people exposed to various noise

levels by railroad traffic are significant. Such numbers appear to be

approximately 2.29 million people at an Ldn value of 55 dR(A).

Exposure to such noise levels for extended periods of time has been

determined to have an adverse effect on the health and welfare of

those exposed, as indicated in an EPA report of March 1974 entitled

"Information on Levels of Environmental Noise Requisite to Protect

Public Health and Welfare with an Adequate Margin of Safety." In ad-

dition the EPA is establishing this regulation as part of a regulatory

strategy that° according to Agency analysis, could eventually relieve

approximately 520, 000 people from railroad noise levels in excess

of55 dB(A)jLdn.

E. Schrnidt, R. I-Iarnden, K.K° King, and the Salt River Project,

contended that the health and welfare of people is not affected

by railroad equipment which operates in sparsely populated or rural

areas and that, therefore, the regulation of such equipment is not

called for.
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The Agency has determined that there is substantialmo-

bilityof the use of railroad equipment not only withinparticular

railroadoperatingregions but across the nationas a whole, and that

such mobilityis an important facetof the manner in which railroad

companies operate. This mobilityisevidencedby the factthat rail

cars and locomotivesare transferredfrom one areatoanotherinorder

to satisfythefluctuationsin required haulingcapacitywhich takeplace,

and by thepracticewhereby old linelocomotivesare retiredby trans-

ferringthem to railroadyards to actas switchers.Ithas beenfound that

such mobilityis increasing as evidencedby Railbox, a plan utilized

by a growingnumber of railroadswhereby railcars are pooledso that

theiruse may he shared anywhere withinthe operatingregionsofthe

participatin_railroads.

i The Agencyhas determined, therefore, that the mobility of rail cars

and locomotives requires that the standards be applied uniformly to

all such pieces of equipment.
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4. Legal Considerations.

The Associationof American Railroadsraised a number oflegal

questionsin itscomments to the proposedregulation.These questions

dealt primarily with the scope of the Agency's duties and authority

under the Noise Control Act of 1972, and Section 17 in particular, as

they applyt0theAgency_s decision not to regulate all railroad facilities

and equipment at this time, and with the Agency's interpretation of the

preemptive effect of the regulation.

The AAR indicated that the EPA has improperly exercised

its authority to regulate noise from the operation of railroad facilities

and equipment in that, as a matter of statutory interpretation, all rail-

road noise sources must be regulated according to the Noise Control

Act of 1972.

The Agency, aider an analysis which considered the language of the

statute as well as its legislative history, feels that it does have the

authority to decide and indeed should decide what priority should be

given to the regulation of various sources of railroad noise, all of

which differ in their impact upon the society and the need for their

uniform regulation. The EPA does not take the position that there

are any sources of railroad noise that it will not regulate. The Agency

may consider the possible regulation of other sources of railroad noise

under Sections 6, 8, and 17 of the Act, and may regulate such

additional sources as the need for and feasibility of such regulation

becomes established.
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The A.AR also questioned whether the Agency has the

authority to offer an opinion as to the preemptive effect of its regula-

tions, and in particular, felt that, contrary to the Agency's stated

position, the setting of Federal emission standards for locomotives

and rail cars preempts every effort to control noise from that same

equipment by local and State authorities, such as the required erection

of noise barriers, or the regulation of overall rail road yard noise.

The EFA believes that the Noise Control Act of 1972 is clear in its

contemplation that Federal and State governments work together in the

control of noise. However, the Act also provides, in some cases.

that the Federal authority be preemptive. The Agency therefore feels

that it is proper for it to explain the extent of its regulations and to

indicate the point beyond which the States and local governments may

act; and that it is not prohibited from assisting the State and local

governments by indicating ways in which the Agency believes they may

augmentits regulatory efforts. In addition the EPA's analysis indicates

that, based on legal precedents, subsections 17(1) and (2) provide only

forthe preemption of State and local regulationB which set standards

on the noise emissions of Federally regulated equipment or facilities,

or which have that effect by requiring the modification of such

equipment or facilities, or the alteration of their use.

The Illinois Railroad Association indicated that State and local

governments do not have the inclination or ability to determine the

technical feasibility and cost of compliance of noise regulations and,

therefore, the EPA is not acting in accordance with the instructions

of Congress by encouraging such local initiative.
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The Agency believes as stated above that tile Congress did intend

that the Federal and State authorities cooperate in the control of noise.

Certain States, in particular California, and Illinois, have well

established environmental agencies and have enacted and are enforcing

comprehensive noise regulations. These States and others are clearly

not devoid of technical and economic expertise. It appears to the

Agency. therefore, that there is no fundamental reason why such States

should net be permitted and encouraged to consider the technology

available within relevant economic restraintsto solve those noise prob-

lems peculiar to them that are not preempted by Federal regulatory

action,
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5. Measurement Methodology and Compliance Regulations.

The National Rail PassengerCorporation (AMTP_I_:) and the DOT

recommended that the EPA specify the following sound measurement

parameters in the regulation: wind velocity, humidity, ambient noise,

test site characteristics, test equipment orientation, and test operator

location. In addition the DOT and the New York State Department of

Environmental Conservation included suggestions for types of test

equipment that should be utilized, and the New York D.E.C. also

requested the specification of error tolerances within the measurement

procedures.

The proposed regulation did not include a detailed measurement

methodology since it was contemplated that such would be included as

part of the compliance regulation to be promulgated by the DOT. Such

measurement methodology, dealing with the enforcement aspects of

railroad noise measurement, will still be developed by the Depart-

ment of Transportation. The Agency, however: as a result of its own

further analysis and after consideration of the questions and suggestions

received during the public review process, has decided to incorporate

additinnalmeasurement criteria into the standards as an added subpart

of the final regulation being promulgated. Such measurement criteria

containspecificationsfor ambient noise,wlnd noise, testsitecond_-

tlons,testequipment orientation,and otherparameters necessary for

theconsistentand accuratemeasurement ofthe sound levelsspecified

in the regulation.

This decision was made due to the complexity of the problem of

accurately and fairly performing noise measurements of railroad equip-

ment. and because the Agency felt it necessary to ensure that the
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standards within the regulation be fully and definitivelyspecified so

that there be no question as to the standards promulgated. The proper

and complete definitionof such standards is particularly critical with

respect to railroad noise because there is no generally accepted meas-

urement scheme in use nationally or throughout the affected industry

u_lllkethe situationin other industries subject to Federal noise

regulation.

G.W. Kamperman indicated that the C scale would be more

appropriate for this regulation than the .4. scale.

It has been ar&,ued that the A-weighted sound level discriminates

against low frequencies ,and, thus, should be replaced by the

C-welghted sound level. However, the ear also discriminates against

low frequencies so that at _low frequencies the sound pressure level

must be comparatively high ibefore it can even be heard. Since the

correlations between A-weighted sound level and human response are

consistently better than that obtained with the C-weighted sound level,

the ErA believes that the meas_u-ement procedures using the -4. scale

on which these regulations are based are appropriate, and therefore,
\

no change has been made. '

The Cook County, Illinois Department of Environmental Control

and the New York State Department of Environmental Conservation

expressed concern ever the 100 foot measuring distance and indicated

that the specifieiatien sfa 100 foot measuring distance in the stahdards

is too far because such would require that toe large an area be cleared

for the necessary measurement site.
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The Agency believes from the analyses used to develop the regula-

tion and from its study associated with the development of measure-

rnent criteria that the I00 foot measuring distance does not appear

to create significant problems with findingsuitable sites for the mea-

surement of the sound levelsassociated with any of the standards, and

has therefore not changed such distance.

The DOT requested more than 270 days to develop compliance

re_lllationsdue to the complexity of the nature of railroad noise control

and because existing experience and expertise in the field are so

limited.

The Agency is aware ofthe problems associated with the regulation

of railroad noise and is concerned that adequate time be provided

so that comprehensive and effective compliance regulations may be de-

veloped. While ithas taken upon itselfthe development of detailed

measurement criteria which are being incorporated as part of the final

regulation, the Agency recognizes the need of the DOT for adequate

time to develop the compliance regulation. Therefore_ in direct re-

sponse to the request of the DOT, the effective date of the Best Main-

tenance Practice Standards has been changed from 270 days to 385

days from the date of promulgation.

The Agency realizes that unforeseen difficulties may occur

and it will therefore attempt to work closely with the DOT in the devel-

opment of the compliance _egulations so that appropriate measures

may be taken should such difficulties arise.
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6. S_ectal Local Conditions

The City of DesPlaines, Illinois_ the City of Bloomfield, New

Jersey_ and the City of Chicago Department of Environmental Con-

trol, all requested that local railroad noise regulations not be pro-

hibited by the EPA_s regulatory action. In addition, Citizens Against

Noise, the City of Bloomfield, New Jersey, and the City of Chicago

/ Department of Environmental Control indicated that separate special-
/

ized noise regulations such as those that would control railroad noise

emissions in highly populated areas, especially at nights should be in-

cluded in the Federal regulatory strategy or allowed on the local level.

The Agency recognizes and agrees with the language in the _qolse

Control Actof 1872 which envisions a cooperative effort between local,

State and Federal governments in the control of noise. All of the types

of regulatory action mentioned by the commenters will not necessarily

be prohibited by this Federal regulatory action. The Agency has

explained the nature of the preemptive effect of its regulations in the

Preamble to the regulation and feels that such explanation should serve

as a guide to the future status of such State and local regulatory

efforts. As interpreted there by the Agency, State and local govern-

ments may exercise regulatory authority as provided in section 17 (e)(2)

as well as for equipment and facilities not covered by Federal regula-

tion, and are encouraged to do so, so long as such regulation is within

relevant technical and economic constraints and does not impose a

significant burden on interstate commerce.

The City of DesPlaines, the Minnesota Pollution Control Agency,

J. Palmer, and the City of Chicago Department of Environmental

Control had comments which dealt specifically with the interpretation
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of the provision in the Act for special local determinations.

The Agency believes that Section 17(c)(2)is intended to provide

oertainlimited relief from a uniform national standard due to "special"

local conditions. However, Section 17(a)calls for such uhiform national

standards and these could be significantly diluted through an overly

broad interpretation of what constitutes special local conditions. The

Administrator, under Section 17(c)(2)of the Act, will make specific

case by case determinations which, in his judgment, balance the need

for national uniformity against the need for exceptions to'the national

regulations in particular situations.

The South Carolina Department of Health and Environmental Control

requested that the standards be reviewed periodically and strengthened

as technological advances are made.

The Agency fully intends to continue to review the field or railroad

noise control and may propose revisions to the regulations as such

revisions become technically and economically feasible.

The Illinois Railroad Association indicated that local governments

were free to make the Federal regulation meaningless by the exercise

of their non-preempted regulatory authority.

State and local governments in exerulstngtheir non-preempted reg-

ulatory anthorityj as explained by the Agency under its discussion of

preemption, may not issue regulations which set standards on the noise

emissions of Federally regulated equipment or facilities, or which have

that effect by requiring the modification of such equipment or facilities

or the alteration of their use, and thus the Agency sees no problem

with the Federal regulations being circumvented.
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7. Property Line Standards,

The DOT and the City of Bloomfield, New Jersey, requested that

the EPA impose property line standards on railroad noise usin_ an

LIO hOleSlevelstandard,

The use of property line noise staudards is applicable primarily

to the regulation of noise from f'txed facility and area noise sources.

In the regulatfsn of railroad noise such sources include maintenance

shops, marshalling yards, humping yards, and terminals. Since EPA

has not covered these facilities in the regulation, the use of such area

noise level standards in the regulation is not appropriate.
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8. Background Document Data and Information.

General Motors Corporation (GM) questioned the validity of the

6 riB(A) conversion factor for changing measurements made at 50 feet

to an equivalent 100 foot value, due to the length of the locomotive.

Agency analysis indicates that any slight inaccuracy which may

exist in the use of the 6 dB(A) conversion factor for the conversion of

locomotive noise levels measured at 50 feet to 100 foot levels, is in

fact a conservative error which understates the actual noise level as

it would be recorded by a physical measurement at 100 feet.

Accordingly, some of those locomotives whose noise levels have been

measured in this manner may emit actual noise levels at 100 feet

which are in fact slightly lower than those levels described by EPA

data which were converted from 50 feet. Such locomotives may in fact

require less quieting than is suggested by the 50 foot data, and as such

may he more easily brought into compliance with the noise standards.

The Agency emphasizes that any inaccuracy inherent in using the con-

version factor is slight and has minimal effects upon the data so con-

verted.

General Motors also stated that page 5.3 of the Background Docu-

ment claims that mufflers will provide 6 dB(A) reduction of all loco-

motive noise levels. They further indicated that a 6 dB(A) reduction

is not always possible, and that 87 dB(A) at 100 feet would be a better

statementthana 6 dB(A) reduction.

The ahoveGM comment isapparentlyattributabletoanlncorrectin-

terpretationof theBackground Document. The standardsbeingpromul-

gatedby the EPA requirean absolutenoiselevelof 87 dB(A),not a net
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reduction of 6 dB(A). Specifically,the Background Document states:

"Based on the considerations of available empirical data, an overall

noise reduction of 6 dB(A) for the noisiest (emphasis added) seems

reasonable. Accordingly. the application of exhaust mufflers can be

expected to permit all locomotives to to achieve the following levels:

Idle - 67 dB(A) (now 70 dB(A)); Overall Maximum - 87 dB(A),"

GM further indicated that based on the magnitude of the one-third

octave band levels, the measurements on p. 4-13, Figure 4-2. appear

to have been made at closer to five feetthan 55 feet as specifiedwhen

measuring the noise emissions of an EMD GP40-2 locomotive.

An investigation of Figure 4-2 in the Background Document does

indicate that the recorded noise levels are inordinately high. These

high readings are attributable to the increased projection of fan and

casing radiated noise due to open engine access doors during the test-

ing. However. the intent of this figure and its supporting discussion

was not to quantify the absolute noise levels due to fan noise, but to

demonstrate thatfan noise is in fact an appreciable noise source. To

quote from page 4-13 of the Background Document: "Since itwas nec-

essary toopen the engine access doors during the measurements, the

recorded levels are somewhat higher than would be generated under

normal operating conditions. However, there is littledoubt that

coollng-fan operation can contribute significantlyto overall levels."

Although Figure 4-2 does not purport to accurately quantify cooling-fan

noise levels under normal operating conditions, itdoes succeed in its

primary p_rpose which is to demonstrate the relative slgniReanee of

coollng-fan noise.
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9. Statements of Support

Of the 28 docket submissiot_s received by the Agency, the following

6 expressed general and often enthusiastic agreement with the proposed

regulations: The Oregon Department of Environmental Quality, the

Illinois Environmental Protection Agency, the Harco Manufacturing

Company, the City of Chicago Department of Environmental Control,

the South Carolina Department of Health and Environmental Control,

and the Office of Environmental and Planning Studies ofthe University

of illinoisLaw School at Urbana Champaign.

In addition, the Department ofTransportation expressed agreement

with the standard for locomotive operation under moving conditions, and

the New York State Department of Environmental Conservation expressed

agreement with and gratitude for the inclusion of a detailed description

of the preemptive effect of the reg_tlation in the preamble.
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D. SYNOPSIS OF COMMENTS FROM THE SPECIAL CONSULTATION
MEETING ON THE PROPOSED RAILROAD NOISE EMISSION
REGULATIONS

Introduction:

On August 14, 1974, a special consultation meeting was held in

Des Plaines, Illinois, concerning the Proposed Interstate Railroad

Noise Emission Regulations. The transcript of the meeting is included

as part of the total body of public comment received by the Agency.

Since all of the comments raised at this meeting have been

addressed elsewhere in this document the following section will consist

only of a listing of the parilcular comments received.

Summal'y of Comments:

Citizens Against Noise requested .that separate standards be prom-

ulgated for rural and urban areas, since the effects of railroad noise

on people are so much greater in the latter than the former. In

addition the regulation or elimination of railroad acoustical warning

devices was called for as well as the inclusion of subway and elevated

trains in the regulation.

M. Schiep requested that the 4 year effective date of the regulation

be reduced.

The City of Des Plaines expressed concern that local ordinances

that have produced meaningful noise control of railroad equipment will

be eliminated by the preemptive effect of the Federal regulation. Also

called for was a delineation of the meaning of special local condRions

as used in the Noise Control Act of1972.

General agreement _vRh the proposed regulation was expressed by

', the IllinoisEnvironmental Protection Agency.

I R-56



The Minnesota PollutionControlAgency requestedclarificationof

how and why the EPA had preempted track and right of way without

at the same time regulatingsuch. In additionclarificationwas

requested of the definitionof InterstateCarrier as used in the Act.

The Cityof Bloomfield,New Jersey. indicatedthatproperty line

noise levelstandards shouldbe imposed alongwith more strictnoise
J

levelstandards for locomotives and rail cars. A reductionof the

4 year timeperiodfortheapplicationof the stricterstandardswas also

calledfor.

If. Beauchard requested clarificationof how the measurement

methodologyfor the regulationwould be promulgated.

Kamperman Associates,Inc., commented thattheyfeltthe C-scale

was bettersuitedtomeasure locomotivenoise thantheA-scale.

The Cook County, IllinoisDepartment of Environmental Control

expressed concern that the 100 foot measuring distance was too far and

would require too much open area for compliance measurements,

The Harco Manufacturing Company asked that EPA consider the

effects on the utilization of spark arresters of the proposed regulation.

The City of Chicago raised questions with respect to the extent of

Federal preemption in limiting the local and State governments from

enactingand enforcingnoise regulationsrelativeto railroadnoise.
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INDEX OF WRITTEN DOCKET SUBMISSIONS

DOCKET NO. PERSON OR ORGANIZATION

R001 Mr, B. Leath

R002 State of New York° Department of Environmental
Conservation, Albany

R003 Association of American Railroads submission
of August 7. 1974

R004 Shell Oil Company

R005 ADMCompany

R006 Deleted EPA Region III's Comment, which will be
6onsidered apart from the formal docket

R007 Ritchies Furniture Company

R008 Mr. R. Weinrich

R009 Mr. R. Harnden

R010 Mr. E. Sehmidt

R011 U.S. Department of Transportation (DOT)
Exhibits 1-2, Attachments A-C

R012 Illinois Railroad Association (IRA) Exhibits A-K

R013 Association of American Railroads (AAR)

R014 Hareo Manufacturing Company

R015 Department of Environmental Quality, Portland,
Oregon

R018 Fruit Growers Express Company. et al

R017 Salt River Project, Phoenix, Arizona

R018 National Railroad Passenger Corportatlon (AMTRAK)

R019 Illinois Environmental Protection Agency

R020 Donaldson Company, Inc.

R021 Minnesota Pollution Control Agency

R022 University of Illinois at Urbana]Champaign
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DOCKET NO. PERSON OR ORGANIZATION

H023 Forestry Department, Salem, Oregon

R024 Town of Bloomfield, New Jersey

R025 General Motors Corporation (GM)

R026 Mr, K.K. King

R027 Deleted (irrelevant letter)

R028 South Carolina Department of Health and
Environmental Control

R029 City of Chicago, Department of
Environmental Control
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INDEX OF SPECIAL CONSULTATION MEETING PARTICIPANTS

DOCKET NO. PARTICIPANT

5030 Mr, Theodore Berland. President, Citizens
Against Noise

5031 Mrs. William Sehiep

5032 Mr. Phillip Lindahl, Environmental Officer for
the City of Des Plaines

5033 Mr. N. D. Povair. Supervisor, New Jersey
Environmental Protection and Noise Control

5034 Mr. Thomas Greenland, Attorney for Chicago
and Northwestern Railroad

5035 Mr. Robert HeIwig. ,Jr., for I11inois Environmental
Protection Agency

5036 Mr. AI Perez, Minnesota Pollution Control Agency

503.7 Mr. John Steven Newman. City of Chicago.
Department of Environmental Control

5038 Mr. DiLeonard. Counsel for City of Des Plaines

5039 Mr. Henry Sant'Ambrogio, for the Town of
Bloomfield, New Jersey

5040 Mr. D.N. Trafalette, for the Association of
American Railroads

5041 Mr. Simtana, Cook County Department of
Environmental Control

5042 Mr. J. Palmer

5043 Mr. G.W. Kamperman. Kamperman Associates
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