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FOREWORD

The study of railroad noise is relatively new. Most of the information and d:ra contained in
this report has been generated during the past year, It is importunt to note that this report and the
' proposed regulations are an initial step in a continuing effort to understand and reduce railroad
noise,

The Apency wishes to acknowledge the cooperation of a multitude of parties and to extend
its appreciation for their efforts, Those parties include, but are by no means limited to, The
Department of Transportation, Association of American Railroads, the Department of Commerce,
and the National Bureau of Stundards.
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SECTIONM |

PROLOGUE

STATUTORY BASIS FOR ACTION !
Through the Noise Control Act of 1972 (86 Stat. 1234), Congress estublished & national
policy “to promote an environment for all Americans free from noise that jeopardizes their health
and welfare.” In pursuit of that policy, Congress stated, in Section 2 of the Act, “that while pri-
mary responsibility for control of noise rests with State and local governments, Federal action is
essential to deal with major noise sourees in commerce, control of which requires national uniformity
of treatment.”” As a part of this essential Federal action, Section 17 requires the Administrator to
publish proposed nois¢ emission regulutions that “shall include noise emission standards setting such
limits on noise emisstans resulting from operation of the equipment and facilities of surface carriers
enmaged in interstate commerce by railroad which reflect the degree ol noise reduction achicvable
through the application of the best available technology, taking into account the cost of complisnee.”
These 1wo sections of the Act establish the criteria the Administrator has followed in the
development of these proposed regulations. Section 17 does not contemplate the promulgation of
regulations covering every aspect of the massive, complex interstate railroad industry, but only
those on noise emissions from particular cquipment and facilities of that industry. The types of
equipment and facilities 1o be covered by Federal repulations are those that are “major noise
sources in commerce,” which require *national uniformity of treatment.” The need for national
uniformity of treatment depends lurpely upon interference with interstate commerce that would be
caused by the lack of national uniformity. Regardless of whether or not there are Federal regula-
tions on noisc emissions from any type of interstate railroad equipmuent or facility under Section 17,
the states and localities are barred by the Commerce Clause of the Constitution from imposing any
regulations that would constitute an undue burden on interstate commeree,
Regulations under Section 17 yre to be promulgated after consultation with the Secretary
of Transportation in order Lo ensure appropriate consideration for safety and techinological avail-
ability. They are to take effect after such period as the Administrator finds necessary, after con-
suliation with the Seeretary of Trunsportation, 1o permit the development and application of the
requisite technology. giving appropriate consideration to the cost of compliance within such period.
Final regilations are to be promulgaled within 90 days after publicatior of the proposed regula-

tions and muy be revised from time to time in accordance with Subseetion 1 2(a)(2) of the Noise
]
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Contral Act, These regulations under Section 17 of the Nojse Control Act shall be in addition to
any regulations that may be proposed ander Section 6 of the Act.,

Section 17tb) of the Noise Control Act reqttires thw Seeretary of Transportation, after con-
stiltarion with the Administrator, te promulgite regulations to ensure complianee with all standards
promulgated by the Administrator under Section 17, The Seeretary of Trassportation shall carry
out such regulations through the use of his powers and dutivs of enforcement and imspection
authorized hy the Safety Appliance Act, the hiterstate Commerce Act, und the Department of
Transportation Act. Regulations promulgated under Section 17 shall be subject to the provisior
of Sections 10, 11, 12, und 16 of the Noise Control Act.

INTERNAL EPA PROCEDURE

The rulemaking process of EPA started 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 submitied ta the Agency for
consideration. In the case of interstate rail carrier repulations, a task force was fonned about the
sarme time and was composed ol Federal, State, and local government officials and consultants.
The Office of Noise Abatement and Control considered recommendations of the Task Force with
the recommendations of the EPA Working Group, which is comprised of representatives from
various parts of the Agency, in developing the proposed regulation. 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 responsiblity for the
Noise Control Program as well as several other programs. Following the Assistant Administrator’s
approval, the proposed regulations were submitted to the EPA Steering Committee, which is com-
prised of »* .he Deputy Assistant Administrators of EPA, Upon the Steering Committee’s approval,
the propored regulations were forwarded to the Office of Management and Budget, and other
interested Federal agencies, for review, After these comments were analyzed and satisfactorily
addressed, the proposed regulations were submitted through the Assistant Administrator for Air
and Waste Management Programs to the Administrator for final approval and ultimate publication
in the Federal Regisrer. The restyting public comments will be analyzed and 4 recommendation
for the final regulation will be prepared by the Depuly Assistant Administrator for Noise Control
Programs. The review process followed in the case of the proposed regulation will then be initiated
again, culminating in the promulgation of the regulation,

PREEMPTION

Under Subsecetion [7(¢)(1) of the Noise Control Act, after the eifective date of these regula-
tions no Srate or political subdivision thereot may adopt or enforee any siandard applicable to
noise emissions resulting from the operation of locomotives or railroud cars of surfuce carriers

5 b e bt 27
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engaged in interstate commerce by railr(;nd unless such standard is identical to the standard pre-
seribed by these regulations, Subsection 17(c)(2), however, provides that this section does not
diminish or enhance the rights of any Stiite or political subdivision thereof 1o establish und enforce
standards or controls on levels of cnvsronmental noise, or to control, license, regulate, or restrict

the use, operation, or movement of any train if the Administrator, after consultation with the

“Secretury of Transportation, determinesthat such standard, control, license, regulation, or restric-

tion is necessitated by special local conditions and is not in conflict with regulations promulgated
under Section 7, !

Converscly, Subsection 17(c)(1) docs not in any way preempt State or local standards apphi-
cable to noise emissions resulting from tin: operation of any equipment or facility ol interstate
railroads not covered by Federal rcgt:latfons. Thus, under the proposed regulations, the States and
localities will remain free to enact and enlﬂ‘orce noise standards on railroad equipment and facilities
other than trains without any special dutprmination by the Administrator. Only after & Federal
regulation on noise emissions resulting from the operation of a particular type of railroad equip-
ment or facility has become effective must the Stntes and localties obtain a determination by the
Administrator under Subscction 17(c)(2) where it is believed that special local conditions
necessitate particular consideration, :

Some types of railroad equipment and facilities on which no Federal noise standards or regu-
lations have become effective, and which may, therefore, be subjected to State and local noise
standards without any special determination by the Administrator, may include other types of
equipment or fucilities that are covered by preemptive Federal regulations. Railroad maintenunce
shops, for example, may from time to time emit the noise of locomotives undergoing tests along
with noiscs common to many industrial 6perntioﬂs such as forging and grinding, Also, railroad
marshaling yards include locomotives among their many types of noise soutces.

In most instances, State or local slandnrds on non-cherally regulated equipment or fucili-
ties of railroads can be met without affecting thp Federally regulated equipment within them,
Standards on noise emission from repalr shops, for example, can be met by many measures includ-
ing improved sound insulation in the waigs of the shop, buffer zones of land between the shop and
noise-impacted areas, and scheduling the l‘opcmtjon o_f the fhop to reduce noise at those times of
the day when its impact is most severe, S\tanda{gls on railroad marshaling yurds can be met by
a variety of steps including: reducing the volume of joudspeaker systems by using a distributed
sound system or replacing speakers with iwo—-wny radios, reducing noise emissions from equip-
ment not covered by Federal l'cgulntlcms,1= installing noise barriets, acquiring additional land to
act as a noise buffer, and locating noisy ei]uipment such as parked refrigerator cars or idling
locomotives as far as possible from adjac “nt noise-sensitive property. Since State or local regu-
lations on noise emissions from railroad fpcilities that the failroad can meet by initiating measures
such as these are not standards applicable; to nofse emissmn resulting from the operation of
locomonveﬁ or railroad cars, they would lﬁmt be prcemptf'd by the proposed regulations, Thus
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" ‘nospecial determination by the Administrator under Subsection 17(e)2) would be necessary.

State or local noise standards on facilities involved in interstate commerce such as railroad
marshaling yards are, of course, subject to Constitutional prohibition if they are so stringent as
to place an undue burden on commerce,

In some cases, however, a State or local noise standard that is not stated as a standard appli-
cable to a Federnlly regulated type of equipment or fucility may, in effect, be such a standard if
the only way the standard can be met is by modifying the equipment to meet the Federa! standard
applicable to it. This would be the case, for example, if after the preposed regulations become
effective a State or locality attempted to adopt or enforce a limit on noise emissions from railroad
rights-of-way in urban sreas that could not reasonubly be met by measures such as noise barriers,
Such a standard, would, in effect, require modifications to trains even though they met the Federal
standards, and would be preempted under Subsection 17(c)(1). 1t could not stand if it diifered
from the Federal standards, unless the Administrator made the determinations specified in Sub-
section 17(c)(2). The same would be true of any State or local standard on raitroad yards lhu't
could not reasanably be met except by modifying locomotives or railroad cars subject to the
Federal standards,

State or local use or operation regulations directly applicable to noise emissions resulting from
the operation of Federally regulated equipment and lacilities can, of course, stand if the Adminis-
trator makes the determinations specified in Subsection 17(c}(2) regarding them,

State or local noise emission standards directly applicable to noise emissions resulting from the
opetation of Federally regulated equipment and facilitics may abso stand without any special deter-
mination by the Administrator if those standards are identical to the Federal standards, By adopt-
ing such identical standards, States and their political subdivisions can add their enforcement
capability 1~ aat of the Department of Transportation. The Environmental Protection Agency

-recommends and encourages such adoption of standards identical to the Federal standards,
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SECTION 2

DATA BASE FOR THE REGULATION

The program for compiling data on train noise began with u search for already existing data,
By compiling the 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, Pub-
lished accounts of measurements in Europe and Asia were considered along with the accounts of
measureinents in the United States and Canada. A bibliography of relevant articles appears after
Section 9. .

Much of the needed data was obtained by the EPA Regional Offices and under contract by
acousticat consultants. Some datn were obtained through informal communication with members
of the acoustics community to obtain unpublished accounts of measurements and proceedings of
appropriate seminars, Leaders in the engincerins‘deparlments of the two locomotive manufacturers
that remain in business (Electro-Motive Division of General Motors—EMD, and General Electric—GE)
were also interviewed in order to ascertain the extent of their data files, as well as to determine what
problems may be created by attempts to control locomotive noise, At a meeting hosted by the
Association of American Railroads, EMD and GE engineers reported measurements of locomotive
noise and discussed some possible effects of locomotive noise controls. Three leading muliler manu-
facturers (Donaldson, Harco Engineering, and Universal Silencer) were contacted in order to evaluate
the feasibility and the impact of fitting locomotives with exhaust mufflers.

Railroad company personnel who worked in various capacities at various levels were contacted
in order to determine the mix of equipment used by railroads, the configurations of properties and
equipment, scheduling of operations, and modes of operation. In particular, yard masters, yard
superintendants, or engineering personnel were contacted to obtain information about yard configu-
tation, 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 bibliography at the
end of this report.

T R T e e T U SO SRS PPPP RIS L ety o .. L
Sr ¢ A A o, Yad AR e LD et B g e PR TR LA S e U L L e 5 v



L e b oo o o B kST TN T, T VNG T DY

S
RN AV 1Y EXPTE

SECTION 3

THE RAILROAD INDUSTRY

ECONOMIC STATUS

There are currently 72 Class I railroads in the 11,8.* These tend to break down into two
groups: large transportation companies such as the Union Pacific or the Penn Central and railronds
that are owned by large industrial firms such as U.S. Steel. The latter roads primarily provide trans-
portation services {o the “parent company,” Since railroads are regulated by the Interstate Com-
metce Cominission (ICC), the degree of competition is also regulated. The size of the firms has in
many cases been determined by whether the 1CC has allowed or disapproved mergers. Most large
roads have grown through mergers, In additian, the favorable financial position of some roads
resuits from their nontransportation activities,

The total tonnage of freight moved in the U.S, has been rising over time, but the transportation
sector of the economy has declined in relative importance. In 1950, 5.6% of national income
criginated in the transportation sector; by 1968 this figurc declined to 3.8% and has remained at
about that level, This trend reflects the higher relative growth rates in those industries that require
a smaller transportation input. '

The rail industry has declined more rapidly than the transportation sector. In 1950
the rail sector constituted 53% of the national income originating in the transportation sector, By
1968 it had declined to 25.8% of the transportation sector and has remained relatively stable since
then. Table 3-1 summarizes these statistics,™"

Accompanying the decline in the rail sector's share in 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% of all freight, dropping to 44,7% by 1960 and 39.9% by 1970. Motor carriers and oil

pipelines have rapidly incressed their share during this period. Air {reight has increased more rapidly
than either motor carriers or pipelines but it accounts for only .18% of total freight. In spite of the
decreasing proportion of shipments by rmil, the total volume of freight hauled by rail increased from
41 1.8 million ton miles in 1940 to 594.9 in 1960 and to 768.0 in 1970, Table 3-2 summarizes

these trends,

P

*Class | railroads are those having annual reventies of 85 million or more, They account for 99%
of the mational freight traffic.

**Unless otherwise stated, the data presented in Tables 3-1 through 3-6 were obtained from the
Suatistical Abstract of the United States (1971 and 1972),
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TABLE 3-1

NATIONAL INCOME ORIGINATING IN THE TRANSPORTATION AND RAIL SECTORS

(5 In Billions)

Transportation
Nationat as ool Rail as ' aof
Year [ncome Transportation National Income Rail Transparlation
1950 §241.1 313.4 5.6% 87 53.0%
1960 414.5 18.2 4.5 6.7 36.8
1965 564.3 23.2 4.1 1.0 30.2
1968 7127 27,1 38 7.0 25.8
1969 769.5 29,2 38 7.4 253
1970 795.9 29.5 37 7.2 24.4
TABLE 3-2
INTERCITY FREIGHT (In Millions of Ton Miles)
Total Freight Rail Frc{ight Motor Oit Iqland
Volume in in 10% Rail Vehicles | Pipelines | Air | Water
Yeur | 10° Ton Miles Ton Miles % % % G
1940 651.2 4118 63.2 9.3 9.1 002 8.1
1956 1376.3 677.0 49,2 8,1 16.7 04 16,0
1960 1330.0 5949 44.7 213 17.2 .06 16.6
1965 1651.0 7211 43.7 21.8 18.6 .12 15.9
1968 1838.7 765.8 41.2 2.6 21.3 16 15.9
1969 1898.0 780.0 41.1 21.3 21.7 A7 15.8
1970 1921.0 768 399 21.44 22.4 A8 15.98

Rail passenger service declined from 6.4% of intercity travel in 1950 to less than 1% in 1970,
The real impact of railroads on the national economy is in terms of freight rather than passengers,
Tho decline of the rail industry's share of the transportation sector is Jess drumatic when passenger
service {air, local, suburban, and highway) is eliminated from calculations, Table 3-3 gives the
transportation scctors’ percentage contributions to national income, less the passenger sectors men-
tioned above, and the rail industry's percent of the transportation sector. ‘

From compurison of Tables 3-1 and 3-3, it can be seen that the reight sector has declined more

rapidly than the total transportation seetor, [t can also be seen that the raifroads’ decline is soie-
what fess dramatic in terms of freight alone than in terms of both freight and passenper service,

BT L SN
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TABLE 3-3
PERCENT OF NATIONAL INCOME ORIGINATING IN THE
TRANSPORTATION SECTOR (LESS AIRLINE AND LOCAL
SUBURBAN AND HIGHWAY PASSENGIERS) AND TIIE
RAIL SECTOR AS A PERCENT OF TRANSPORTATION

Railrouds
Transportation® {Adjusted) as % of
as % of Transportation
Year National Income (Adjusted)
1950 4.8% 61.7%
1960 3.7 44.1
1965 3.3 7.6
1968 3.0 33.0
1969 3.0 323
1970 2.9 Not
‘ Available

*Transpcriation minus air carriers and local suburban and highway passengers.

EMPLOYMENT

The reilroads’ importance a3 a source of employment within the economy has deereased along
with their share of the nation's transportation output. In 1950 the railroads accounted for 2.7% of
al! employees in nonagricultural establishments. By 1970 this had fallen to less than 1%. Not only
has the relative importance of railroads declined but also the absolute level of employment from
1950 to 1970 decreased by over 50%, as shown in Table 3-4,

Wages in the rail sectar have consistently been above the average of all manufacturing employees
gnd this differential has increased over the years., In 1950 the average hourly compensation in the
rail sector wus $1.60, which was 1 10% of the average hously compensation in manufacturing, In
1968 average compensation was $3.54, or 118% of that in manufacturing. By 1971 rail compensa-
tion had increased to 126% of the average compensation in the manufacturing sector,

Increases in wage rates in the rail sector have been greater than the increases in the wage rates
in the manufacturing scctor, Using 1967 as the base (= 100), the index of wage rates in manufac-
turing in 1970 was [21.6 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 3-5 summarizes the wage and productivity data,

*Computed on the basis of revenue per man hour,

33
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TABLE 34
EMPLOYMENT IN THE RAIL INDUSTRY
RELATIVE TO THE NATIONAL CCONOMY

National Employees
in All
Nonagricultural Raitroad Railroad
Establishnienls Employment as % of

Year (1000) (1000) National

1950 45,222 1220 2.7%

1960 54,234 780 1.4

1965 60,815 640 L

1968 67,915 5§91 Ry

1969 70,274 578 .8

1970 70,664 566 8

TABLE 3-5
INDEX OF QUTPUT PER MAN HOUR AND WAGES
' (1967 = 100)
Muanufacturing 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 1047
1969 113.6 113.9 109.3 167.7
1970 125.6 121.6 _ 108.9 116.6

The fact that productivity increases have not Kept pace with wage rate increases indicutes

that unit labor cost is rising. ]
In the years since 1970, wages in the rail industry have, as in most industries, increased rupidly,
The index of wages in 1971 was 136.8;in 1972, 136.8; and in 1973, 165.4 (estimated).

HEALTH OF THE INDUSTRY
There are a number of measures one might use to judge the “health™ or financial stability of
the rail industry. Two of these are the rate of return on stockholders' equity and the percent of

3-4
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revenue carricd through to net operating revenue, Shareholders' equity s the excess of assets over
liabilities, which is cqual to the book vaiue of capita! stock and surplus,

In 1971 the rate of retum on stockholders® equity for ull manufacturing firms was 10,8%. The
rates of returns in some selected industries are as follows:

instruments, photo goods, ctc, 15.8%
glass products - i1,1%
distilling ' 9,9%
nonferrous metals 5.2%

The return for the total transportation scctor was 3.1%. Railvoads showed a 2.1% on stockholders’
equity, slightly above the airlines’ 2.0%, .

The rate of return on stockholders’ equity increased from §.3% in 1971 to 3.0% 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% to 6.1% and the West from 3.7 to 5.1%. The rates of retums
in these districts are well above the 3.1% for total transportation and are about equal to the textile
and paper industries. '

These trends indicate that the problem in the rall industry is not with all districts but primarily
with roads in the Eastern District, Using operating ratins®™™ as the measure of financia! stability,

one draws the same conclusions.
The historical trends in the proﬁtab}lily of the industry can be measured by the percent of

gross revenue thut is carried through to net operating income before Federal income taxes, This
measure is similar to the rate of return on sales before taxes. For the industry as a whole, the per-
cent of gross revenue carried through lms:bccn declining, This is also true of each district, with the
Eastern being the worst, Table 3-6 summarizes these trends,

The performance of the Southern mlld Western Districts is much better than the Eastern.
In fact, one would conclude that comparid with nonregulated industries such as steel, the
Southern and Western roads are reasonably good performers, Compared with other regulated
industries, such as public utilities {10.5% return on stockholders’ equity) and telephone and tele-
graph companies (9.5% return on stockholders’ equity), the raflroads’ 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 the

rail industry to reflect this.

*Because the railroads use a nonstandard accounting procedure (the so-called betterment tech-
nique), the rate of return is low relative to what it would be if they used a procedure comparable
lo those used in the nontegulated sector,

**Operating ratio equals operation expenses divided by operating revenues.
N .
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TABLE 3-0
PERCENT OFF GROSS REVENUE CARRIED THROUGH

TO NET OPERATING INCOME BEFORE FEDERAL INCOML TAXES

Al Class 1 Southern Eastern Western
Year RR% Diistrict District District
1950 17.3% 20.1% 12.0% 19.8%
1960 8.3 10,7 2.1 10.0
1965 1.0 12.1 10,0 1.6
1968 6.9 11.0 3.7 8.4
1969 6.6 121 2.7 B.0
{970 4.2 11.8 Nii 7.7
1971 4.0 10.3 0.5 7.2

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

relative importance of high-weight, low-value cargo, which has traditionally been handled by rail,

The increased competition from motor carriers and pipelines has further reduced the relative
importance of railroads. Federal und State funding of highways has improved the competitive
position of trucks and has led to the diversion of high-valued freight to motor carriers.

tn 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 appliced to railroads in order to favor agricultural products,
Under valuc-of-service rates, low-valued products have a lower rate per ton mile than do high-value
products.®y ~ his measure reduced intermodsal price competition and in fuct gave an advantdgc to
trucks in carrying high-valued {reight when they could give faster service. Railroads were unable to

lower prices on this type of freight, which could have offset the fuster service offered by trucks,
The decline of some manufacturing industries 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 among roads. Since shippers

pay for movement from one point to another (i.c., rate per mile), the competitive position of rail-

roads tends to be diminished if these nonline-haul expenses rise. The greater yvard-switching results

namics, pp. 321-338.

36

*Tlhese points are examined in an article by R.H, Harbeson in the [969 Journal of Law and Eeo-
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in having rail cars sit in switching yards waiting for a train to be made up, thus resulting in longer

time in transit and higher comparative costs.
GROWTH '

In projecting growth rates in any industry, it is assumed that historicul trends and retationships
will continue to hold in the future to some extent. If these retationships do continue, then rail
freight can be projected based on projection ol 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 commeodities, if these commodities move by the same modes of transportation, and if

increases in income ate ignored, then projections based on accurate population projections will be
valid.

The ton miles of railroad (reight per capitain the U.S. has remained quite stable over the past
five years, 1t was 3.73in 1965, 3.77 in 1968, and 3.75 in 1970, Given this stability, short-run
projections bused on population growth may be quite accurate. Based on the population projec-

‘tions for the U.S.. about a 1% annual increase over the next 5 years is estimated, This would mean

an increase from 768 million ton miles in 1970 to about 822 million ton miles in 19745,

The rail industry’s contribution to nationul income has remained relatively constant over the
period from 1968 to 1970 at about 1%. The long-run rate of growth in GNI” has been about 3.5%,
Again, under the assumption that these historical relationships hold, the long-run growth should be
around 3.5%.

One factor which muay reverse these trends is that rail movement uses less energy than other
forms of freight movement. A ton mile of freight moved by rail requires 750 British thermal units
(BTU), while pipelines require 1850, trucks 2400, and air freight 63,000, The only mode of freight
movement mmore efficient (in terms of energy) than rail is water, which requires 500 BTU*

Energy may come to be an important factor, but it scems unlikely that rail freight will increase
more rapidly than the growth in national income. The factor militating against a more rapid
increase is that consumption patterns have continued to move toward more services and lewer
manufactured products, This means a smaller transportation input, In addition, rising interust
rates and greater product differentiation have caused shippers to be increasingly concerned with
time in transit. The railroads’ real advantage isin rates, not speed. However, the advent of trans-
porting entire truck trailers by rail hus aided in reducing delivery time substantially in areas where
this is practiced.

*Rusinese Week, MeGraw-Hill, Inc., September 8, 1973, p. 63,
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SECTION 4

) RAILROAD NOISE SOURCES

GENERAL

Noise is generated by railroad operations in two basic locations: in yards and on lines. In
railroad yards, trains are broken down and assembled and maintenance is performed. Line opera-
tions involve the sustained motion of locomotives pulling a string 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 2 small hill, known
as a 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 sccomplished by metal beams
that squeeze the wheel of the rail car, After the cars leave the master returder, they coast into a
switching area that contains many tracks. Aseach car is switched onto a particular track, it is
slowed by a “group” retarder. Afler a car moves out ol a group retarder, it is switched onto one
of many (approximately 50) tracks in the “classification” arca where the car collides with another
car. The collision causes the cars to couple, forming a train. In some yards, the first car that moves
into the clussification area along a particular track is stopped by an *‘inert” retarder, so-called
because the retaining bear is spring-loaded and requires no external operation. Inert retarders
differ from the master and group retarders, which are controlled continuously by an operatot or
automatically by a computer,

All three of the retarding processes described above produce noise. When the beam of a
master or group retarder rubs against the wheels, a loud squeal often is generated. The most
significant noise generated by inert retarders occurs when a string of cars is pulted through the
retarders. If the inert retarders are short and exert small forces, they may generate noise that is
negligible compared with the noise generated by the group retarders. Some yards are equipped with
nert retarders that can be manually or automatically released when a string of cars is pulled through
them thereby preventing retarder squeal. There 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 that is audible for several
seconds after the impact.
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Locomative engines generate noise as the locomuotives move around or pass through yards.

Wlhen the Jocomotives are not in use, their engines are often allowed to idle continuously (even
overnight), which also tesuits in signiffcant noise, Wihen the locomotives are in motion, their horns,
whistles, and bells muy produce noise for warning purposes,

Some noise originates in the yard shops where locomotives and cars are repaired and maintained,
Power tools and ventilalion fans represent such sources, owever, the most readily identifiable
saurces of shop noise are the locomotives themselves when undergoing testing.

Most yards ate equipped with a number of loudspeakers that are used for conveying verbal

instructions and warning sounds to workers in the yard. The speakers are seattered about the yard, .
and a given speaker issues sound on an unpredictable schedule,
Line, or wayside, noise—the noise in communities from passing trains--is comprised of many .

high noise sources, The locomotive engine ind its components, such as exbaust systems and cooling
fans, and the interaction of railvoad car wheels with rails results in significant noise, Wheel/rail
noise is caused principally by impact at rall joints, giving rise to the familiar “clickety-clack.” and
by smatl-scale wheel and rail roughness, A severe form of wheel roughness that generates high noise
levels is caused by Nat spots developed during hard braking, Also, wheels squcal on very sharp
curves and generate nojse by Range-rubbing on moderate curves, The operation of such auxiliaries
as refrigeration equipment also contributes to the overall noise fevel, Horns or whisties are sounded
at crossings and are significantly louder than the other wayside noises. [n addition, some crossings
are equipped with stationary bells that sound before and during the passage of trains.

The remainder of Section 4 treats each of the noise sources mentioned above sepurately and
inas much detail as the state-of-the-art allows. Inciuded in the discussion of each source is

description of abatement techniques.

CONSIL..XATION OF RAILROAD NOISE SQURCES FOR FEDERAL REGULATION

Many raiiread noise problems can best be controlled, at this time, by measures that do not
require national uniformity of treatment to facifitate interstate commerce, The network of raitroad
operations is embedded into every corner of the country, including rights-of-way, spurs, stations,
terminals, sidings, marshaling yards, maintenance shops, ete. Protection of the environment for
sieh a complex and widespread industry is not simply a problem of modifying noisy equipment;
it also gets into the minutiae of countless daily operations at thousands of locations acrass the
country. The envirenmental impact of a given operation will vary depending on where it takes
place, Yor example, whether it uceurs in a desert or adjacent to a residential arca, For this reason,
state and local authoritics appear better suited than the Federl government to consider fine details

" such as the addition of sound insulation or noise barriers to particitlar facilitics, the location of . .

noisy equipment within those facifities as fur as possible from noise-sensitive areas, ete. There is
no indication at present that differences in requirements for such measures from place to place
impose any burden on interstate commerce, At this time, therefore, it appears that national
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uniformity of treatment of such measures is not needed to fucilitate interstate commeree, and
would not be in the best interest of environmental protection,

However, since the national effort (o control neise has only just begun, it is inevitable that
some presently unknown problems will come to light as the effort progresses, Experience may
teach that there are better approaches to some aspects ol the problem than those that now appear
most desirable. The situation may change so as to call for a different approach. Scction 17 of the
Noise Control Act clearly gives the Administrator of the Environmental Protection Agency authority
to set noise emission standards on the operation of all types of equipment and facilities of inter-
state railroads. Ifin the future it appears that a different approach is called for, either in regulating
more equipment and facilitics, or fewer, or regulating them in a different way or with different
standards consistent with the criteria set forth in Section 17, these regulations will be revised
accordingly.

The Administrator has considered the following broad categories of ruilroad noise sources in
order to identify those types of equipment and facilities which reguire nationa] uniformity of
treatment through Federal noise regulations to facilitate interstate commerce,

Office Buildings
Muny, if not all, surface carriers engaged in interstate commerce by railroad own and operate

office buildings, These buildings are technically **fucilities” of the carriers. Like all office buildings

they may emit noisc from their air conditioning and mechanical equipment. But since each building

is permanently located in only one jurisdiction and is potentially subject only to jts regulations, it

is not affected in any significant way by the fact that different jurisdictions may impose dilTerent

standards on noise emissions from the air conditioning and mechanical equipment of other build- _‘
ings. At this time, there appears to be no need for nationul uniformity of treatment of these facili- :
ties, and they are therefore not covered by these proposed regulations,

Repair and Maintenance Shops
Railroad repair and maintenance shops are similar in many ways to many nonfailrosd indus-

trial facilities, such as machine shops, foundries, and forges, All such facilitics can reduce their
noise impact on the surrounding community by a variety of measures including reduction of noise
emissions at the source, providing better sound insulation for their buildings, crecting noise barriers,
buying more land to act as a noise bufier, scheduling noisy operations at times when theic impuet
will be least severe, or simply moving noisy equipment to locations more remote from adjoining
property. Such detailed and highly localized environmental considerations are best handled by
local authorities. Like office buildings, shops are permanently located in only one jurisdiction and
thus are not potentially subject to differing or contlicting noise regulations of other jurisdictions.
At this time, therefore, there appears to be no need {or national uniformity of treatment of these
{acilities, and they are not covered by these proposcd regulations,
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Al times, raitroad maintenance shops may contain major noise sources that do require national
<nifennily of trestment, such as Jocomotives. But the fact that some such individual noise sotrees
within a shop may be subject to Federal neise emission regulations is irrelevant to the validity ol
State or locul noise emission régulationzi applied to the shop as a whole, as long as the Stute or local
rezulation on the shop can reasonably be complied with without physically afTecting the Federally
regulated noise seurce within the shop (for example, by installing sound insulation in the shop build-
inu), This will be discussed further in the section on preemption below, 1 "

F'erminals, Marshaling Yards, and Humping Yards

Like office buildings and shops, railroad terminals and yards are permanent installations nor-
mally subject to the environmental noise regulations of only one jurisdiction. Noise emissions from
terminals and yards can also be reduced by many measures that do not require national uniformity
of treatment and that can best be handled by local environmental authorities, Thesz include
measures such as placing noise barriers around such noise sources, for example, as retarders, acquiring
lantd to act as a noeise buffer, locating noisy equipment as far as possible from adjacent noise-
sensitive property, and reducing the volume of loudspeaker systems or replicing them with two-
way radios. At this time, there appears to be no need for national uniformity of treatment of these
facilities, and they are not covered by the proposed regulations,

Some noise sources in railroad yerds may at some point require pational uniformity of treat-
ment through Federa! noise regulations, even though such sources may be permanently physically
located in a yard. Such a circumstance could be occasioned because of the noise sources’ intimate
relationship to the movement of railroud trains, Roil car retarding operations in humping and
matshaling yards, for example, produce individual peak noise levels of up to 120 dB(A) af 100
feet, Such retarding operations are an integral part of the movement of ratlroad trains. A number
of measures are now being investigated which may make it technologically and economically feasible
to cantrol this noise at its source, i.e., the returder, Such measures include htbrication of retarder
beams, changes in the composition or design of the beams, and changes in the method of application
of retarding force. At this time, however, it is the Agency's position that retarder noise is an
element of fixed facility railroad yard noise which, as such, can best be controlled by measures
which do not in themselves affect the movement of trains and therefore de not require national
uniformity of treatment. Such noise control measures might inciude, for example, the erection of
noise barriers. The Agency’s study of milroad yard noise indicates that concern for noise from
railrond yards is more Jocal than national. This is due in Jarge part to the location of 2 number of
yards in non-urban areas. Accordingly, the estnblishment of a uniform national standard could
potentiaily incur significant costs to the railioads with only limited environmental impact resulting
in terms of population relief from undesirable noise levels, This subject is discussed in more detail
in Appendices ¢ and D of this document,

44
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Like ruilroad maintenance shops, marshaling and humping yurds contain some noise sources
that are covered by the proposed regulations, As is discussed in grealer detail in the preamble to the 1
proposed regulitions, o State or tocal noise regulation on & railroad terminal or yard is in effect a
regulation on the Federally regulated noise sources within the terminal or vard when it con be met
only by physically altering the Federally regulated noise sources,

Track and Right-of-way Design
Due to the intimate relationship between the track and the rail car wheels in the generation of
rail car noise, the proposed regulations must preempt State and local regulations specific to track,
Hawever, some steps can be taken to reduce noise emissions from railroad rights-of-way {hat
do not in any way affect the operation ol trains on the rights-of-way, such as tie erection of noise
barriers. State and local governments are much better situated than the Federal Government
to determine if some noise-sensitive areas need such protection; and the existence of differing
requirements for such measures in different arcas does not at this time appear to impose any
significant burden on interstate commerce. There is, at present, no need for national uniformity
of treatment of such noise abatement techniques; and they are, therefore, not covered by the

praposed regulations.

Horns, Whistles, Bells, and Other Warning Devices

These noises are different in nature from most other types of railroad noise since they are
created infentionally to convey information to the hearer instead of as an unwanted by-product
of some other activity. Railroad horns, whistles, bells, etc., are regulated at the Federal and State
levels as sulety devices rather than 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 Cade of Federal Regulation, 127,
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 the
following:

1. Atleast 43 States require that trains must sound warning signals when approaching public
crossings. i
35 of these States specify some minimum distance from a public crossing at which a truin 5
approaching that crossing may sound a warning signal,

3. 3 Srates specify a maximum distance from a public crossing at which a train approaching
that crossing may sound a warning signal,
4. 35 States specify that these warning signals must be sounded until the train reaches the

12

Crossing.
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5. d states spealy that these warnoeg signals must e sounded until the train completely
clears the crossing.
16 States provide or exvepiivies W their repslations for traing operating in incorporated

=3

areas.

7. Acleast two States provide for exceptions to their regnlazions lor trains approaching

public erossings that are cuuipped with satisfuctory warning devices,

wa fregquentty praposed salutions to eliminate the need for trains to sound warning devices
Lneil cppreaching publie crassings are:

1. Eliminate sl public grade level rzidroad crossings,

2, Install acove protection systems {e.g.. flasher-gate combinationsy al all public grade level

railroad crossings.

"This first solution would be the most eilective sinee it would eliminate the source of the
problem, the public grade level railraad crossing. However, it would be extremely cosily because
it would involve the vievating or depressing of either the railroad line or the public thoroughfare at
vach pubiic crossing. This selution may be infeasible for solving existing conditions but it should
be seriously considered in all future public thoroughfuare or railroad line construction projects.

‘The second solution, xithough it does not attack the source of the problem, does seem 1o be
an ciiective prodection measure in that it could eliminate the need for the sounding of warning
signals by trains approaching public crossings. This solution has ils drawbacks, however, Flasher-
gate-type devices cost $30,000-540,000 with some installations costing up to $60,000. In the
State of Lliinois there are 16,250 grade devel crossings of which 1,625 have flusher-gate protection
devices, To outfit the remaining 15,000 crossings with these devices in that state alone would cost
5450 million or more. The nationwide cost of this sofution wouid he prohibitive,

Since train hotns, whisties, bells, ete., aze designed to emit a great deal of noise in the interests of
safety, and since any regulation restricting the noise output of these devices could be construed as
contrary 1o these interests, no regulatory action affecting these devices is being proposed at this time,

Special Purpose Eqeipment

Interstate rail carriers operate a number of types of epucial purpose rail cars, including snow
plows, track laying equipment, and cranes. [t is not clear to EPA at this time whether such equip-
ment is used in such a manner as to require national uniformity of treatment; or, if such treatmant
is requisite, what noise emission standards should be applied to its operation. In any event,
therc does not appear to be uny conflicting State or local regulations on such equipment at present.
Accordingly, such special purpose equipment which may be located on or aperated lrom rail cars s
not covered by the proposed stendards. However, the rail cars themselves on which such special pur-
pote equipment is located or operated from are included under the proposed standards for rail car
operations. 1t in the fupure it appears that national uniformity of treatment of such equipment is
necessary, appropriate noise emission standurds for it pursuant to Secrion 17 will be proposed.
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Trins

Unlike the calegories of railroad equipment and facilities discussed above, train noise is poten-
tially subject (o the noise regulations of more than one jurisdiction. Trains are constantly moving
from one jurisdiction to anather, and it is not feasible to have them stopped at politicat bounduries
and adapted to meet a different noise standard, Morgover, they constitute a major source of noise
to people close to ratlroad rights-of-way. The various sources of train noise (other than warning
devices) are therefore cavered by these proposed repulations in order to (actlitate interstate com-
merce through national uniform treatment of their control.

CHARACTER OF RAILROAD NOISE SOURCES AND ABATEMENT TECHNOLOGY

Locomotives

Railroad locomotives are generally categorized as (1) steam, (2) dicsel-eleetric, (3) cloetric or
{4) pas turbine. The few remaining steam locormotives in the United States are preserved primarily
as historical curiosities and are, therefore, not covered by the proposed regulations, In this sub-
stction, noise associated with divsel-electric and electric/gas turbine locometives are presented,

All measurements discussed in this scction are A-weighted levels obtained by means ol a
microphone placed alongside & Jocomotive, and refer to 100 ft., unless otherwise noted. Details of
the measurements are given in Section 6.

Diesel-Electric Locomotives

Three types of engines are currently inuse: 2-stroke Rootes blown, 2-stroke turbocharged,
and 4-stroke turbocharged. A turbocharged engine produces about 50% more power than does a
Rootes blown engine. The number of cylinders on 1 diesel engine may be §, 12, 16, or 20, with
each cylinder having a displacement of 650 cu in, Each cylinder produces 125 hp when Rootes
blown and 187.5 to 225 hp when turbocharged. These engines are employed on the two basic
types of locomotive: the switcher, which is used primarily o shunt cars around the rajlroad yard
and is powered by engines of under 1500 hp, and the road locomotive, which is used primarily for
fong hauls and is powered by engines of 1500 hp or more.

A diesel locomotive engine drives an electric alternator that produces electricity to run the ;
electric traction maotors attached to cuch axle of the locomotive. The rated power of the engine
is the maximum clectrical power delivered continuousiy by the alternator. The engine has eight
possible throttle settings. As ean be seen in Table 4-1, engine power and noise levels increase with
throttle position. The data in this table are taken from & presentation given at an Association of
American Railroads (AAR) meeting in August 1973, by the Electro-Motive Division (EMD) of
Genera! Motors Corporation, and were developed from a study of load cell information for a num-
ber of ULS. railroads. Of the approximately 27,000 locomotives in service on major raitroads {see
Appendix A), about 20,000 were built by EMD. The percent of horsepower and percent of time
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TABLE 4-1
EFFECT OF THROTTLE POSITION ON
ENGINE POWER AND NOISE LEVELS

% of Raled % of Time at dB(A) at
Throttle hip for Throttle Position 100 Fit {or
Position* Diescl Engines Road Loco Switcher 2000 hp Engine
idle 0.75t 41 77 69.5
1 5 3 7 72.0
2 12 3 8 74,0
3 23 3 4 71.0
4 35 3 2 80.0
5 51 3 | 84.5
6 66 3 - 86.0
7 86 3 - 87.5
8 100 o 1 $9.0*

*Three cooling fans were oparating during measurement for throttle position 8, only one
fan for other measurements,
1 Locomotive auxiliary hp only—nu traction,

glven for each throttle position arce typical of all locomotives, The dB(A) levels vary, of course,
from engine to engine, The example here is for a 2000 hp EMD GP40-2 locomotive,

Locomotive at Rest
During the course of this study, sound level measurements were made on individus! locomo-
tives at different power settings during load cell or selfl load testing. The results of these tests are

_'shown in Table 4-2.

For purposes of separating the contributions of various components to overall engine noise
levels, the prediction schemes employed in the Department of Transportation Repoert of 1970 were
used. The predictions invelve (1) determining the mechanical power and type of engine required
to perform a given tugk, (2) determining the throttle setting required to perferm a given task, and
(3) converting from engine type and throttle setting to sound level. The expression for unmufiled
diesel exhaust nolse is : .

dB(AYat 100 1t =92 + {0 log (hp/1500) - 3 (8-throttle settings) - T
where T is 6 for !Lirbbcharécd cngines and O otherwise, As can be seen in Figure 4-1, the predicted

exhaust noise levet for an EMD F7A lucomolive at cach throttle setting is very close to the measured
total noise level. This result agrees well with the assumption that engine exhaust is the dominant

b ks e et
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TABLE 4-2

STATIONARY NOISE EMISSION DATA FOR
GENERAL MOTORS AND GENERAL ELECTRIC LOCOMOTIVES

Locomotive Loading ’ Throttle Setting
. Identification  Horsepower  Conditions  Aspiration 0 8 Reference
EMD-SW}500 1500 T e —— £4 5m* 3
f EMD-F7A 1500 T - 66* B6 1
ct EMD-SW1500 1500 T - 69* el 1
! EMD-SW1500 1500 T -— - 93 3
o EMDSD9
SD 4328 1750 T RB 68 89 11
EMD 25014
sD9 1750 - RB 70 -= 10
EMD-GI'/SD38 2000 T — —— 91.5 3
EMD 5077
GP 38-2 2000 s RB 65 9] 7
) EMD
: ' GP 38-2 535 2000 8 67 88,5 7
i EMD
: GP 38-2 535 2000 T — 66.5 B8B.5 7
! EMD 4115
! 726381
} GP 382 2000 s TC Hb6* 21 8
: EMD 4111
; 72735-12
. GP 382 2000 S RB 63 90 8
! EMD 4053
: 5806-4
L GP 38-2 2000 S RB 62* 88 8
i EMD 4050
i 5806-1
: GP 3R.2 2000 s RB oi* 59 4
i EMD 4508
: SD 24 2400 T TC 68 86.5 9
} SD 351921 2500 T - 69 86 7
o LMD 29355
4 ' SD 35 2500 T TC G8 88 8
Lo  EMD 1952
: 29340
SDP 25 2500 S TC 70 88 8
i EMD FP/SD-40 3000 T 72 89.5 3
40
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TABLE 4-2 (Cont'd)

STATIONARY:NOISE EMISSION DATA FOR
‘GENERALMOTORS AND GENERAL ELECTRIC LOCOMOTIVES

:Locomotive Loading Throtile Setting
Jdentification  Homepower  Canditions Aspiration 0 « 8 Reference
"EMD

GP40°3049 3000 T —_— 64.5 88 7
EMD

G0 3018 3000 T - 69.5 B8.5 7
"EMD
GP40-3182 3000 T - a7 B3.§ 7

EMD

GP 403195 3000 T - 68.5 88 7

EMD i

GP40 A156 3000 T - 67 88 7

" EMD-1559
32623
'GP 40 3000 T TC &9 92 8
EMD'I'562 :

32940

Gr4Q 3000 T TC 68 87 8
EMD-GIM0-2 3000 T _ 70* a8g* 7
"EMD 3115 ]

SDi45 -3200 S TC 68 90 8

EMD 3124
~8D45 -3200 S TC 70 90 R
“EMD
‘SDA5<T2

sP9212 ‘3600 ] TC 72 94 i1
LEMD
“Shds 3600 T - e 90.5 3
<GE U25 2500 T - — B6* 5

GE 38573
-4300 ‘3000 wam T 72 —_ 10

GE 1472 '

38417

u3oc 3000 S TC -66* 89 8

GE 1581

anon g

u3oc ‘3000 '8 TC 65" 87 .
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TABLE 4-2 (Cont'd}

; STATIONARY NOISE EMISSION DATA FOR
: GENERAL MOTORS AND GENERAL ELECTRIC LOCOMOTIVES

i Locomotive Loading Throttle Setting
! _ Identification Horsepower  Conditions Aspiration D 8 Reference
l GE 1473
" 38418
; HkT o 3000 S TC 67* 87 8
; _GEU30 3000 T _ — 86+
GE 3811
U33ac 3300 S TC 48 90 8
GE 8717
u3se
38879 3600 S TC 72 91.5 9
GE U36R
1759 : 3600 S _ 68 91
GE U36B
L 1825 3600 S - 67 93 7
Bl GE U36B :
i 1780 3600 s _ 66 90.5 7 :
Co GE U368 !
1855 3600 S —— 66 85.5 7 i
GE U36B ?
; 1832 3600 S - 65 89.5 7 ‘
[ GE U36B :
P 1815 3600 S - 64.5 90 7 |
Lo GE 1767 :
37430 f
; U36B 3600 ) TC 66 87 3
I GE 1796 !
g, 377192 -
A : 1588 3600 s TC 67 9} 8 !
£ GE 1766 ;
e 37429 :
. ~ U36B 3600 S TC 67 93 8 ;
i GE 171 !
P 37434 ;
L U36B 3500 s TC 67 2 8 -
P GE 1764 '
- 37427
b U368 3600 [ T 67 94 8 -
|
!
i i 411 3
P |
P :
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TABLE 4-2 {(Cont'd)

STATIONARY NOISE EMISSION DATA FOR

GENERAL MOTORS AND GENERAL ELECTRIC LOCOMOTIVES

Locomolive

Loading

Throttle Setting
iration ¢ 8 ¢ Reference

Identification  Harsepower Conditions  Asp

GE 1526

38n48

U3al 3600 T TC 66 90 8

GE 1800

37796

1368 3600 S TC 68 92 8

GGE U368 3600 S - 64.5 90 7

Sample Size 47 51
Idle Throttle 8

§ - Self Load * Data taken at 50 ft,; Range 61-72 dB(A) 84.5-94 dB(A) '

I - Load Cell 6 dB(A) added Meun 67.3 dB(A) 89.3 dB(A) ;

TC ~ Turbo Charged  ** Pre-1960 muffler Standard i

RB - Rouotes Blown Devistion 2,45 dB(A) 3.36  dB(A)
|
?
[
|
:
I
!
i
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source mechurism in locomotive noise, A similur expression is used in Ref, 4 to predict thie contri-

{ bution of casing-radiated noise.
]
! g
i EE o0
i bt EMD F7A
. EE (1500 hp, nat turkacharged)
-l 85
j ; $8
{ ' wr~
i o 60 MEASURED2———
; (=1
I 38 PREDICTED
| o 75
! N
: 3
I 70
&
= ss‘l“

' : 1 2 3 4 5 6 "7 a8
THROTTLE SETTING

Figure 4-1. Measured Total and Predicted Exhaust Noise Levels

Table 4-3 gives the exhaust and casing noise levels predicted by the techniques in Ret. 4 fora

number of locomotives as well as (otal noise measutements made by BBN, EMD, and GE, The
‘ measured data were gathered while the locomative was stationary and under full load (thrortie
: position 8) on a test cell. The engine was loaded by fecding the electric current into a resistor bank.
L As can be seen in this table, the contribution of casing noise to overall level appears to increase
with mechanical power. Thus, for small locomotives where the level of casing noise is considerably
lower than exhaust levels, an exhaust mulfler could provide substantiz] reduction in total locomotive
noise. For larger locomotives, exhaust muffling alone cannot reduce overal] levels us much as the
small rootes-blown locomotives.

The average overall noise level for the EMD locomotives at 100 ft is 90 dB{A) 4 dB{A), where
the variance includes allowances for all possible measurement and locamotive differences, for
example, different observers and different (est sites, The GE measurement for its 3000 iy loco-
motive is 86 dB(A) 3 dB(A), aguin allowing for all possible measurement variations, slightly lower
than those measured by EMD, The reason for this difference may be that on GE locomotives, the
exhaust stacks rise about 6 in. above the hood, while on EMD locomotives the stacks ore flush with
the hood and radiate sound more efficiently.

In addition to exhaust und casing noise, the noise from cooling fans may be significant. Fig-
ure 4-2 shows that the noise from an EMD GP-40-2 3000 hp locomolive measured 9 dB(A) higher
with three cooling fans running than with no faps running. Since it was necessary tn open the
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TABLE 4-3
COMPARISON OF PREDICTED AND MEASURED NOISE LEVELS AT 100 FT
FOR VARIOUS EMD AND GE LOCOMOTIVES IN THROTTLL POSITION 8

{ Predicted | Predicted
hlechanical Powes Exhaust Cuasing Measured No, of Spread
and Type db(A) dl{A) db(A) Samples db(A) Source [
EMD 1000 hp
Switcher 90 78 - 0 - - '
EMB 1500 hp
Switcher 92 80 93 2 + | BBN
EMD 2000 hp
Roud Locomotive 93 81 89 2 2 RBN
EMLD 3000 hp
Roud Locomotive 89 83 89.5 ! - EMD
GE 300 hp
Road Locomotive 89 85,5 86 1 - GE
EMD 3600 hp :
Road Locomotive 90 84 89 4 +3 BBN
GL 36000
Road Locomotive 90 86.5 - 0 - -

engine access doors Juring the measurements, the recorded levels are somewhat higher than would
be pencrated vnder norrﬁal operating conditions. Huwever, there is little doubt that cooling-fan '
operation can contribute significantly to overall levels. The fans on GE engines run continuously, i
thus contribitting to totel naise level under all operating conditions, Fans on EMD locomotives are
lhc;mosla!ically controlled.

In summary, the major compenents of locomotive noise are, in order of significance, engine
exhaust noise, casing-radiated noise, cooling fan noise, and wheelfrail noise. ;I‘ab!e 4-4 shows !
average levels in dB(A) at 100 ft for cach of these sources, Other sources, such as engine air intake,
traction motor blewers, and the traction mators themselves, have noise levels too far below the
olher sourees {0 be identified. Also, Kootes blown engines have a very unpleasant “bark’® which
does not show up in any generally used method of measurement, \

Locomotive in Motion )

Another methed of characterizing locomotive noise is as a locomotive passes by a fixed point
during normal operation, Levels recorded in this manner contain all sources of locomotive noise
discussed previously. Measurements ol this nature arc very meaningful, since this is the noise that
is cinitted into the community, Unfortunately, the specific parameters that affect the level of noise
produced are not easily controlled, These include horsepower, velocity, throttle setting and number
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% ' TABLE 4-4
% ' . SOURCE CONTRIBUTIONS TO LOCOMOTIVE NOISE LEVELS
(Based on Prediction Techniques of Ref. 4)
| . :
| e dB(A) at 100 F'
i Source (Throttle 2}
i
i Exhaust B6-93
1| Casing 80-Rs5.5
- Cooling Fans 80--84
i Wheel/Rail } Locomotive only 78
§ , a4t 40 mph Total train 81
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of lacomotive units coupled topether. However, by recording the sound levels of a large number of
pass-hy events, fypical levels may be established,

Figure 4-3 and Tabie 44,1 display the results of approximately 105 pass-by events. As indi-

suted, locomative pass-bys range Trom 74 dB(A) to 98 dB(A) when measured at 100 feet.

Figure 4-4 shows, for the same events, the maximum sound level us a function of the velocity,

‘There does not uppear to be a relationship between speed and maximum locomotive noise
Figure 4-5 relates, again for the sume events, the maximum sound levels as a function of

velocity and number of locomeotives. Tlhere does not sppear to be a definitive relationship betwean

the number of coupled locomotives and the noise emitted.
The measurement of locometive pass-by events is explained in Section 6.

Locomotive Nolse Abatement
Locomotive noise abatemeni may be grouped into two broad categories (1) Abatement By
quipment Modification and (2) Abatement by Operational Procedures.

1. Abatement By Equipment Moditications:

Mufflers

Since locomotives contribute most of the noise of ruilroad operations and since exhaust noise

dominates locomotive noise, the first step in reducing locomotive sotnd levels is to require that
locomotives be fitted with an effective muffler, This section contains muffler manufacturer's
estimates of various fuctors affecting the feasibility of supplying both new and in-service loco-

motives with mufilers.

.

One such factor is the amount of buck pressure a muffler creates. Back pressures on the engine

muy affect its performance and life 1o a small extent, The engine must pump against the back pres-

sure, thereby reducing the power that can be distiibuted to propel the train, Normally, this degrada-

tion in performance is about 1% when back pressures are held within manufacturers limits. Back

pressure may shorten engine life becruse when gases with increased temperature and density exhaust

into a region of high pressure, they raise the wemperature of exhaust valves and turhochargers, The
following information on back pressure and its effects was determined by mufiler manufacturess, |

Engine Type

Back Pressure

Effect

Rootes Blown

Turbocharged

47.5 in. H ) measured at engine
exhaust port

5 in, H20 measured at exhacst
stack

10°C rise in turbocharger
{emperature

20-hp loss on 3000 hip engine
< 0.6% increpse in fuel
consumption




- DIESEL-ELECTRIC LOCONOTIVES
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TABLE 44.,]

LLOCOMOT!VE PASS-BY NOISE EMISSION LEVELS MEASURED AT 100 FELT

74
75

76 -

77
18
79
80
81
82
83
84
85
dB(A) 88
87
88

90
1
92
93
94

96
97
98

1.
HL.

(sve Figure 4-3)

Road Noise Studies

1 1 m v TOTAL
1 i 2
2 2 '
1 1
I ! 2 1 5
2 2
2 2
2 2 4
4 i 1 2 8
3 1 3 7
3 1 4 8
1 i
1 2 3 2 8
2 3 5 _
1 2 1 4 5
2 3 2 7 !
4 2 6 :
2 1 4 7
3 2 1 6
4 3 7
3 1 2 [ 7
! 1
2 1 3
1 I 2

DPepartment of Trunsportation — Office of Noise Abatement

Depurtment of Commerce — Nationul Burcau of Standards

Wyle Laboratories

Lnvironmental Protection Apency — Office of Noise Abatement and Control



61

LEVEL AT 100FT.

t20
PEAX ENGINE LEVEL VS SPEED
g r
100 =
l,\'\
\ DEESEL £ ~ -
—— \ N NPT
! \ A S A S S N A
! \ ™y F A N N -
7] \ [} AV A N A% -
- \ { L ¢ i ¢ s
o ond vy h e 1 g ot o =t
o t
v ! -~
‘ 1 TURBGTRAIN
ELECTRIC i -
N, s g
N UL -~
a0 |- [ -
- -
METHOLINER o=
CONVENTIONAL PASSENGER AND FREIGHT HIGH SFEED PASSENGER
70 r—
& ! ! 1 t 1 I i I |
n ] bori] an 60 H0 10 8o o 100 1o

SPEED {mph}
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Mufilers have no appreciable effect on exhaust emissions: multler-cquipped locomotives give
off insignificant incremental amounts of NO,, CQ, and smoke [EMD (1973)]. One potentiul prob-
lem manufacturers want to investigate further is that condensed, inburned hydrocarbons might
give rise to a stack fire, This has never oceurred on locomotives having mutTlers, although it hus
happened on stationary installations,

Tﬁree manufacturers with experience in fabricating mulflers for locomotives have indicated
that their products will materiafly assist the railroads in complying with the proposed regulations:
Donaldson of Minneapolis, Minn.; Harco Engineering of Portland, Ore.; and Universal Silencer of
Libertyville, 11, The following are these manufacturer’s estimates of the attenuation that could be
achieved with their muffers, the approximate cost of the mufflers alone, without any allowance lor
installation, and the amount of back pressurc they create,

Donaldson has had experience with the Chicago and Northwestern Ruilroad in equipping a
locomotive with an of -highway truck type of muffler, The results were:

Muffler Cost —  approximately $800 for two muf(lers
Back Pressure —  further testing necessary
Harco Engineering has achicved the following results for a switcher locomotive. The muffler is
fitted to a Harco spark arrester.®
Attenuation — approximately 5 dB{A)**
Muffler Cost - 8§75
The results for road locomotives are:
Rootes Blown:
Attenuation —  approximately 10 dB(A)**

Muffler Cost - 3750
Turbocharged:
Attenuation - approximately 10 dB(A)**
Mufiler Cost —~  $1000
Back Pressure —  13-20in. HoO(EMD claims thai the back pressure is too high)

Universal Silencer has built mufflers for EMD locomotives (3 DRG and 40 Amtrack). Accord-
ing to EMD (presentation at AAR meeting, 1973) these mufflers achieved:

Attenuation —  9-10dB{A) at full power
Muflfter Cost —~  approximately 31200
Back Pressure -~ 3in. Hy0

The estimated overall noise that would result from equipping various locomotives with mui-
flers that give § dB{A} and 10 dB(A) attenuation in throttie 8 is indicated in Table 4-5,

Muffler manufacturers have said that they could supply fully developed and tested mulfler
systems for all locomotives by the lollowing dates.

*From EPA Docket 7201001, No, RCO7.
*#This measurement was performed by the manufacturer.
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HARCO
Switchers 1 January 1974
Road I January 1976
DONALDSON
All types 1 January 1976
UNIVERSAL SILENCER
Turbocharged Locos 1 January 1976
Rootes Blown | January 1977

Switchers

} January 1978

EMD and GE have said that they could fit mufflers on new locomotives by the following dates,

EMD
Turbecharged
Rootes Blown
Switchers

GE
Turbocharged

| January 1976
1 January 1977

oad
| January 1978*

1 January 1976
TABLE 4-5

LOCOMOTIVE NOISE LEVELS EXPECTED FROM EXHAUST MUFFLING, THROTTLE 8

5 dB(A) Exhaust Muffling 10 dB(A) Exhaust Muffling
. Tatal Noise Total Total Noise Total
Level Attenuation Level Attenuation
Locomotive Typs [dB(A)) [dB(A)] [dB(A)] [dB(A)]

EMD 1000-hp Rootes Blown

Switcher 86,0 4.0 82.0 8.0
EMD 1500-hp Rootes Blown

Switcher 88.0 4.0 84.0 B.0
EMD 2000-hp Rootes Blown

Rond Locomotive 89.0 4.0 85.0 8.0
EMD 3000-hp Turbocharged

Road Locomative &6.5 3.5 84.5 55
GE (or Alco) 3000-hp

Turbocharged Road ,

Locomotive 87.5 3.0 86.5 4.0
EMD 3600-hp Turbocharged '

Road Locomotive 87.5 3.5 85.5 5.5
GE (or Alco) 3600-hp

Turbocharged Road

Locomotive 88.5 3.0 B7.5 4.0

*Because of problems integrating with spark arrester.
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EMD and GE agree that mulflers can be incorporated in new locomotives. The cost of instal-
ling mufflers on locomotives must be compared with 4 total cost of $300,000 to $400,000 per loco-
maotive (GE and EMD presentations to AAR meeting, 1973). The following methods would be used
by each locomotive manufacturer in fitting mulflers on new engines, .

New GE Road Locomotives
Mufflers would be installed above the engine and the hood roaf would be raised 8 in. A loco-

motive would stilt clear the required 15-ft, 7-in. gauge. Cost = $1500 per locomotive,

_ New EMD Road Locomotives

Turbocharged: The muffler would be installed over the 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 mulfler would be integrated with the spark arrester, There would be

changes to the dynamic brake contactors, roof structure, and coolant piping, Cost = $300C per

locomotive,

New EMD Switchers
The muffler would be integrated with the spark arrester, but EMD is not quite sure how,

Cost = $200-8500 (estimate based on Harco figures).

Retrofitting Older Locomotives
Retrofitting mufflers on locomaotives invelves finding out how many of each type of loco-

motive are still in service and adopting muffler instaliation procedure to the peculiarities of each

i model,

Table 4-6 illustrates the distribution of switchers in service, cateporized by munufacturer.

Very few new switchers are being built, only about 120 per year, since switchers appear to
run indefinitely, Furthermore, old road locomotives can be downgraded for switching use.

Most switching Jocomotives built before 1960 were equipped with mufilers, but after 1960
railroads generally fitted spark arresters instead,

In general, there does not seem to be any difficulty in fitting a muffler to the exhaust stack
above the hood of a switcher, This has plready been done in many cases which spark arrester, result-
ing in some loss in visibility for the driver, Harco has designed and tested a muffler that integrates
with its spark arrester. The Harco muffler costs §75. However, this unit may have inadequate
muffling for the regulation or too high a back pressure. Keeping this in mind, EPA estimates the
cost for other spark arresters to be $200 to $500 plus 1 man-day labor for installation,
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TABLE 3-6

SWITCHER LOCOMOTIVES IN SERVICE

r——— e WPTr YW W el

Manufacturer Year Built No. in Service

EMD 1940-59 3200
1960-present 1100

ALCO 1940-61 950
GE {940-58 116
Baldwin, Lima Hamilton 1946-56 415
Fairbanks Morse 1944-58 220
TOTAL 6000

The 8758 EMD Rootes blown road locomotives built before | 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 installa-
tion 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 rebuilding.
Discussions with a representative from Penn Central have led to the following cost estimates for
fitting cach of these older modets with 4 muffler,

Muffler = 31500
Labor = 25 man-days ($/man-day = §46.40) (sce Section 7}
Parts = $200-8$500

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

Thus, we see that muflers can be fitted to new locomotives for less than a 1% increase in cost,
und a retrofit program for mufflers is practical inasmuch as no locomotive has been identified that
would be unduly difficult to retrofit, .

Mufflers that product 5 to 10 dB(A) of exhaust muffling are currently feasible. It is important
that 2 mufiler be designed to give as good muffling at idle as at full power, since Jocomotives idle
anuch of the time, Unless other noise sources on.the locomotive are also treated, the net locemotive
(uieting will be only about 6-dB(A) due 10 contributions from these sources (see Table 4-3).

Mufflers could-be developed and ready for production by 1 January 1976, The manufacturers
have sulficient capacity to produce the muffiers required, '

Cooling Fan Medification
The next contribution to locomotive nojse that may be treated is the cooling fan, This compo-
nent noise is essentially aerodynamic noise resulting from the air movement created by the fan,
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Methods of treatment include increasing the diameter of the fan, adjusting elearanees betwueen blade
and shroud, and varying the pitch of the blade. Although fun modifications are feasible, the appli-
cation of fan retrofitting has not been developed for focomotives, Further, the impact of such a
requirement could not be assessed with regard to cost and the effect of the total noise.

Engine Shielding

The vibrations of the engine casing js a significant component of the total locomotive nojse.
On a limited basis, work has been done to reduce the noise from this source by adding acoustic
panels to the engine, stiffening the engine casing, and using sound-absorbing mmaterials, This tech-
nique has not been developed to the extent that it could be applied to locomotives at this time.

2. Noise Abatement By Operational Procedures:

Parking [dling Locomotives Away from Residences

One of the most frequent complaints about railroad noise is that lacometives are left idling
overnight. Railroads are reluctant to shut down locomotives because (1) shutting down and start-
ing locomotives require a special crew, (2) engines do not contain any antifreeze in their cooling
systems and would have to be heated in cold weather, and (3) locomotive engines are likely to leak
cooling fluid into the cylinders, which could damage an engine on starting il precautions were not

“taken to drain it. Therefore, locomotives are usually shut down only during their inonthly inspection,

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 yard where they wounld be less troublesome to neighboring homes.,

Speed Reduction -

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

This noise reduction method may not be practical generaily, 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 lawer speeds has not been calculated,

A Ban on Night Operations

Many freight trains, particularly in the castern 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 train noise can be made by banning
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night-time operations, However, such a ban on night operations woull frequently be impractical,
since truins are scheduled for markets that open in the morning and the traing are loaded during the
previous day. The resuiting burden on the Now of interstate comameree could be ex fensive.

Use More or Larger Locomeotives for a Given Train

One paradox emerged from the model of locomotive noise presented earlier. A large locomo-
tive in & low throtile position deveiops less noise than a small locomotive in a high throttle position,
even when the two develop the same horsepower, For example, a 3600-hp locomotive in thrattle
4 generates 15 dB(A) less noise than a 2000-hp locomotive in throttle 8, Thus, a considerable noise .
reduction is achieved by using 1 3600-hp engine to haul a train requiring only 2000-hp. Similarly, a
9 dBfA) reduction could be obtained by using four 3600-hp locamotives with lower throtile settings
to pull a train that normally requires two 3600-hp locomotives, but which operate at high throttle
setlings.

This noise reduction technique is considered to be impructical in general, since the extra hauluge
power required is quite large, However, this method could be used in some situations such as switch-
ing opurations. Locomotive engineers could use low throttle positions rather than “gunning” the
engine in throttle 3, '

Electric/Gus Turbine Locomantives .
There ure other means of truin propulsion, apart from diescl-clectric, currently in use on American
raitroads. All-clectric and gas turbine locomotives are becoming more popular, particularly in the '
Morthwest corridor. Rickley, Quinn, and Sussan have measured the wayside noise levels of the Metro-
liner, Turbotrain, and electric passenger and freight trains. The levels at 100 feét are given in Table
4-7. In general, levels do not exceed 88 ¢B(A). For those trains, namely two Metroliner trains and
one standard passenger trains, exceeding 88 dB(A), it is felt that the exceedance was caused by
wheel/rail interaction phenomena as opposed to locomotive engine generated noise, per se, since these
vehicle travelled at rates of speed where rail noise is likely to predominate (see wheel/rail noisc section),
Thus, in general, the non-diesel-clectric locomotive noise is well below that of diesel-electric
locomotives and the lormer are likely to comply with any regulation written for the Iatter.

Wheel/Rail Noise

Rail car noise inclwdes all sources of train noise other than that produced"by the locomotive,
These sources are wheel/rail interaction, structural vibration and rattle, and refigerator car cooling g
system noise,

Of these sources, the interaction of the wheel and rail is the major component. As discussed
in the Bolt, Beranek and Newman Report No. 2709, " Railroad Environmental Noise: A State of the
Art Assessment,” this source is generated by four mechanisms, These are Inbe"led “roar,” “impact,” Lo
*flange rubbing" and “squeal.”
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TABLE 4-7
NOISE LEVELS FROM ELECTRIC AND GAS-TURRBINE TRAINS
No. of Speed
Train Cars Direction {mply) SPL {dB(A) 100 1t}
Metroliner 4 South 106 89
4 South 110 89
4 North 106 84
[¢] North 110 84
4 North 80 78
6 North 84 8D
Electric Pass 6 South 84 90 (wheel/rail)
Electric Freight
(2 Locos) 3 South 49 §8
Turbotrain 5 East 97 85
s West o1 85
3 East 89 84
3 West 104 88

“Roar" describes the noise that predominates on welded tangent track, It is believed that rour
is due to roughness on the wheels and rails.

“Impact” noise refers to the noise produced by wheel and rail discontinuities such as wheel
flats, rail joints, frogs and signal junctions. This noise is churacterized by a *clickety clack™ sound
and may cause significant increase in wayside noise.

“Flange rubbing” describes the sound made when the Mlange contacts the rail and squeal does
not occur. This noise is characterized by a low-frequeney grinding sound, it could be caused by a
stick-slip phenonmenon or by roughness on the flange and rail head.

“Squeal" is a very high pitched noise produced when a train negotiates a tight curve. Three
pussible ways in which squel can occur are: 1) differential slip between inner and outer wheels on a :
solid axle, 2) rubbing of the wheel flanges against the rails, and 3) “crabbing” or lateral motion of
the wheel across the top of the ril.

Structural vibration and rattle emanate from from the car bodies and couplings, Noise from
these sources may be distinguishable in a slowly moving train, Normally, however, this noise combines
with the other sources of car noise and is not readily distinguishable,

Refrigerator cars are railroad cars used to transport perishable freight that requires refrigeration,
1t is necessary for the cooling equipment te operate continuously when the car is loaded, and also
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when tie car is empty but a load is anticipated, This cooling equipment usually contains an unmuffled
diesel engine to drive a compressor. These engines are similar in size and performance to engines used
in other applications in 2 muffled confipuration. Itis believed that the muffler industry could supply
tue additional muffler requirement for rail refrigerator curs, However, application consideration would

Ao e (o include space availability and installation and replacement costs. The maximum noise

im.el from this seuree is approximately 75 dB(A) at 50 ft. (Wyle Laboratories, 1973). When a train

is rnaving, the noise levels emitted rom a refrigerator car cannot be distinguished from overall train .
noise; however, if the train stops or if the cars are held over, the continuous operation of the compressor
engine may be a source of undesirable noise. .

Refrigerator cars parked with their cooling systems running, as they often are in marshaling and
humping yurds, may cause nioise problems but only in places where refrigerator cars ure parked near .
noise-sensitive areas. At this time, sueh localized problems can best be controlled as a part of (;Lilroad
vard noise control, through measures such as parking refrigerator cars away from noise-sensitive areas
or installing noise barriers, rather than by requiring modifications to the entire refrigerator car fleet.

Typical measured Jevels of ruil car noise are Mustrated in figures 4-6, 4-7 and 4-8, Figure 4-7
indicates that the A-weighted wheel/rail noise level varies as 30 log V where V is the train velocity.

This relationship primarily deseribes the “roar” component of the noise. The higher levels present
are most probably indicative of “impact,” “flange rubbing” and “squeal” noise,
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Figure 4-6, Wheel/Rail Noise Measured on Level Ground and on a 1% Grade
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Figure 4-7. Measurcd Wheel/Rail Noise

Wheel/Ruil Noise Abatement

A number of techniques have been suggested to reduce milread car noise while operating on
open irack, In most cases testing has been very limited and, thus, the results regarding effectiveness
are iconclusive.

Grinding of train wheels and rail would reduce “roar™ noise by reducing the amplitude of the
excitation, Bender and Heckl (1970) report differences of approximately 6 dB{A) between noise
leveis for ground and unground rails on the Munich Subway. The important parameter to control
during grinding is irregularities having wavelengths of the order of 1/2 inch to one foot, rather
than the micro-surface finish, Such wheel irregolarities (wheel flats) can be controlled by spinning
the wheel while grinding. For rail it is more difficult because running a vehicle with a grinding whee!
attached slowly over the rails causes the grinder to move vertically in response to the vertical motion
of the vehicle wheels.

The vse of resilient wheels has undergone considerable development since they were invented
in 1899, At present there are four different designs available:

1. “Penn Cushion" whecls, available in the U.S, from Penn Machine Co., Johnstown, Pa.

2, “Acousts Flex™ wheels, marketed by the Standard Steel Division of Baldwin-Lima-

Hamilten Corporation, Burnham, Pa,
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PEAK, AVERAGE, AND MINIMUM RAIL-WHEEL SOUND LEVEL VS, SPEED
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Figure 4-8. Average, and Minimum Rail-Wheel Sound Level vs. Speed for Typical Railroad Cars on Welded and Bolted Rail
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3. “SAB” resilient wheels, marketed in the U.S. by American SAB Company, Inc., Chicago,
[llinois

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

The Penn Cushion and Acousta Flex wheels are similar in principle. Both utilize an clasto-
meric ring between the rim and the hub of the wheel. The SAB and PCC whecls also are similar to
each other in principle. In these wheels, the rim is part of a steel disc, and the hub assembly consists
of one or more parallel steel dises. The rim disc is connected to the hub assembly via rubber clements
which deform as the wheel is loaded radially. The experimentation and data for resilient wheels on
rapid transit cars indjcate that such wheels would be of neptigible benefit for reducing railroad
freight car noise (Bolt Beranck and Newman 1974), Freight cars operate principully on tangent
track where resilient wheels are least effective,

Another technique which has been explored js “wheel damping.” B.F. Goodrich Company
constructed & wheel with a layer of viscociastic 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
screezh, reduced farficld noise obtained on tangent track by up 1o 2 dB(A) at high speeds, and also
attenuated rail 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 Commission found a 12 to 15 dB(A) squeal noise reduction when applying uncenstrained
damping layers. Use of a four-layer dumping configuration on a BART prototype ear had no signifi-
cant effect on interior and wayside noise on tangent track, but eliminated some screcching on
curved track. Reductions of 20 dB(A) in screeching noise and 4 dB(A) for nonscreeching noise were
realized for curved track.

Rail welding is a method that can be used to reduce the noise caused by the discontinuities al
rail joints. On the average, it can be expected to reduce wayside noise by as much as 3.5 dB(A).
However, maximum levels are as high on welded rail as on bolted rail (see fgure 4-8). Other
advantages of welded mil are the potential for less maintenance and a decrease in average rolling
resistance. Both are due to the absence of rail joints.

Rail damping is a technique which has undergone very limired testing. A damping compound
is applied to the nonrunning surfaces of the rails which should shorten the length of rail that vibrates
when a wheel passes over it. At this time, experimentation is so limited that no conclusions can be
reached as to the effectivencss of this technigue,

In summary, although there are some new techniques and systems which show a degree of
promise, the only avajlable methods today for reducing moving rail car noise emissions is through
the maintenanee practices of car wheel and rail grinding in addition to the use of welded rail,

Retarder Noise

Within railcar classification yards, several thousands of cars are moved in each 24-hr period,
as truins are 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 railear vehicle velocity
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prior e release for self-moverent to pre-selected tracks, or, (23 heavy duty pusher locomotives
push rail cars up an incline and aver & “*hump” where the cars are released to travel on their own

to pre-determined yard locotions. As a result of the techniques used in hump yards a single railear
ot several railears coupled together may be traveling at 10 to 15 mph and aceelerating while moving
down the hump.

To manage the rail car(s), retarders are used to reduce cans) speed or o stop them. Iy the
process of slowing or stopping the car(s) intense noise, characterized as a squeal, is often gencrated.
Figure 4-9 shows the amplitude distribution of noise associated with railcar movement through
retarders. Noise levels as high as 120 dB(A) at S0 feet have been observed,

Ajthough studies (Ungar, Strunk and Nayak, 1970; Kurze, Ungar and Strunk, 1971) have been
conducted to determine the mechanism . of wheel/retarder noise generation, a thorough under-
-standing of the phenomenon is not yet at hand, 1t is thought that the intense wheel squeal is the
result of excitation of the railear wheel at its resonant {requencies. Apparently, the noise levels
emitted by the car wheels are influcneed by car type, car weight and loading, type of wheels, the
structure and composition of the retarder and the decelerating force that the retarder applies to
moving cars.

According to the Federal Railroad Administration there 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. ’
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Retarder Noise Abatement
Though the mechanisms of wheel/retarder noise are not fully understood, sever methods (o
control the noise are thought feasible, One method, namely the use of barriers would control the
naojs¢ once generated, i.c., minimize the noise propagation efficiency; while four methods, (1} retarder
lubrication, (2) use of ductile iron wheel shoes, (3) use of releasable inert retarders and (4) retarder
control by computers would control noise at the source; i.e., minimize noise generation efficiency.
While the five methods cited are thought to be possible alternatives for retarder noise control,
much further study is required to assess the benefits and costs associated with each method, To
date, known benefit and cost infarmation associated with the aforementioned metheds are sum-
marized below,

Benefits:

The only study that has been completed which models the impact on retarder noise reduction
on people 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 dB(A) allowed about 200 more people
to be exposed to jess than an Ldn of 65 dB(A). The maximum reduction that would be experienced
by any of the 200 people would be a 2 dB(A) change in Ldn, IV retarders were completely silenced
the noise reduction would benefit only 200 more peaple (total of 400) as per the above criteria,
according to the study,

Although it is not altogether accurate to project a study of a single yard to a national impact,
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 dB(A).

By reducing locomotive exhaust noise by 10 dB(A) in the Cicero Yard, approximately twice
the benefit was reglized (400 people less than 65 Ldn) than with the 20 dB(A) reduction in retarder
noise, according to the study.

Costs*:
A. Barriers {(material costs of initial instailation only)
. $50 to 870 per linear foot.
. 550,000 - $100,000 per yard,
$6.5 — 13.0 million for railroad industry.
Maintenance/replacement costs unknown,
Space and safety hazards unknown,
Down time and track modification costs are unknown,

*

FE M R S

*The cost of shutting down a yard or part of a yard during instaliation or maintenance of these
systems could double or triple the estimated costs,
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B,  Source Control
I.  Lubrication Systems (excludes maintenancefoperation costs).,

A, Specific costs unknown, cstimated by industry {o be $250,000 1o 500,000
per refarder system (master plus 4 to 8 group retarders) or 5 to 10 percent of
total capital investment.

b.  Estimuted initial cost of new equipment on basis ~ $100 million (assuming
200 retarder systems)

¢, Maintenance and operational downtime, and modification costs to track
system, are unknown.

Ductile Iron Shoes

a.  Initial Cost (825 per foot) cost is twice that of regular retarder shoes.,

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

c.  Estimated additional cost for using ductile iron shoes (o replaée present shoes
is $100,000 per retarder system.

d,  Estimate of national cost impact to industry is $100 million {assuming 200
retarder systems)

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

Releasable Inert Retarders

a.  Conversion of non-releasable inert retarders to releasables cost $5,000 per
retarder, not including labor, down time, or aperation costs.

b,  The number of non-releasable inert returders in use is unknown. Gross esti-
mate is 20,000,

¢.  Estimate of naticnal cost to convert $100 million.

Computer Control of Retarders

a. Computer control of retarders seems practicable only at the newer yards where
computer control systems were installed when the yard was initially built.

b. There are approximately 40 computer controlled yards. ‘

The cost, during new construction of a yard, for computer control of a retarder
system is $1.5 million.

d. Cost of feasibility of retrofitting a yard with computer control is unknown,
If hardware installation costs were assumed to triple the new installation cost,
the national cost impact for retrofit of existing yards for computer contro}
would be 540 million dollars, asswming 120 retarder systems.

Car-Cur lmpact Noise

The time historics of car-car impact noise illustrated in Figure 4-10 show some features of the
physical phenomena that accompany car-car impact. The Initial impact of the car couplers causes
a “erack,” as illustrated by the sharp rise in sound level in both parts of the figure. The high-frequency
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putlion ol the wechantcal energy ged fito couplers often excites an entire car body, The second
time trace iy dhe figure shows how, as the resulting vibrational energy decays exponentially, the
rrdiated noise Falls off proportionully, The time trace for o tank car hitting two Joaded flat bed
curs shows (he noise sumetimes generated by secomdary impacts as cars pull away [rom epch other
aid coupler slack is snbsequently taken up. The time trace or the noise measured eight cars away
from o point of impact shows how the energy from an impact can propagate along a chain ol cars,

»aiaing Devices

This source of noise includes bells, horns, and whistles, which are sounded to warn pedestrians
arsl motorists that o train is approaching o grade crossing, The noise level at 50 1t lue to either a
horn or g whistle is 105 dBtA) £ 1O dB(A). Of prime consideration in aldressing these sources of
noise js the measure of safety that they provide,

Metlrods of noise abatement for warning devices have not heen fully evaluated. Some localities
have required that the devices not e soupded, while others have required just the pposite. Various
altemnatives for controlling their noise include requiring reduced levels, specifying irectionality, or
iimiting the times aml areas in which the devices should be sounded,

Public Address Systems

Although the Niequeney of accurrence of noise from loudspeakers in railroad yards is sporadic
andd unpredictable, the level of the noise fron speakers is comparable to the level of noise from
utlier sources in the yards. Where abatement is desired or necessary, more speakers could be stra-
tegically focated so that less volwme is necessury, or milroud yvards conld fellow the recent trend to

tweo-way radio communication.

Mainfenance and Repair Shops

The noise from shops comes mainly from running the engines of stationary lecomotives. Other
noises fronir maintenance ancd repair shops sre overshulowed by the neise from returders, car impacts,
and locomotives moving abrowt the yard. I controls are applied to noise from locomotives, car
impiees, and retarders, that part of shop noise nut due (o locomotive ¢neines may then emerge as o

siznificant part ol the remaining nowse.

Refrigerator Cars

These are raifroud cars used to transport freight that requires refrigeration, It is necessary for
the coonling equipment 1o operate continuously wihen the car is loaded, and when the car is empty
Butalogd is anticipated, This cooling cquipmen? wsuutly containg an unmuffled diesel engine to
drive a compressor, These enpitics are sinnlar in size and performance 1o engines used in other
applications in u muftled configuration. It is believed that the inutfler industry could supply the
additional mufler requirement lor reil refrigerator cars, However, application consideration would
also have to include space availability and installation and replacenent costs. (see additional dis-
cussion under Wheel/Rail Noise in this section.}
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SECTION §

SUMMARY OF WHAT THE PROPOSED
REGULATIONS WILL REQUIRE

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

Section 17 of the Noise Control Act requires that the proposed regulutions , . . “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 abatement technelogy availuble for application to railroads which produces meaningful
reduction in the noise produced by railroads. “Available’ s further defined to include:

1. Technology which has been demonstrated and is currently known to be feasible,

2. Technology for which there will be a produciion capacity to produce the estimated numn-
ber of parts required in reasonable time to allow for distribution and installation prior to
the effective date of the regulation,

3, Technology that is compatible with all safety regulations and takes into aceount opera-
tional considerations, including maintenance, and other pollution control equipment,

The “cost of compliance,” as used in the proposcd regulation, means the cost of identilying
what action must be taken to meet the specified noise emission levels, the cost of taking that action,
and any additional cost of operation and maintenance caused by that action. The cost for future
replacement parts was also considered,

As discussed in Section 4 of this report, thu only source of railroad noise proposed to be
regulated by the Federal government ut the present time is trains, Therefore, the following pages
will discuss the noise abatement technology for trains, in consonance with the statutory require-
ments and interpretation presented sbhove,

Train noise is composed of locomotive noise and car noise. The latter is primarily the result
of wheelfrail interaction and wheel/retarder interaction, The locomotive noise is composed of
noise from the engine exhoust, casing, cooling fans, and wheel/ruil interaction. The technology for
treating casing, fans, and wheel/rail noise is In the early development and research stages and thus
not “available” for application at this time., However, at the present time, the technology for

- exhaust silencing has been found to be **availsble.” Further, the lecomotive noise is dominated

5-1

PO TN



T e PRI AL

fy the engine exhaust aoise and, theretore, the application of exhaust muliler technology is the
maest effective initial step to require for locomotive noise abatement. The consequences of estab-
lishing a standard that would require modilication of engine casing, cooling fans, and wheel/rail
interaction have not been sssessed in detail, 1t is clear, however, that without first reducing exhaust
el treatment of these compaonents would result in little or no perceptible noise reduction,

Huffler technology is well known, and its application to locomotives has been assessed (see Section 7).

The costs and effeets have been predicted and in the judgment of the Agency constitutes the *'appli-
cation of best available technology taking into account the cost of complinnce.”

LEVELS OF TRAIN NOISE CONTRCL

In this section, 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 loco-
inotives both at rest and in motion and for railcars in motion.

i.ocomotive Noise: Vebicle at Rest

~ Asdiscussed in Section 4, locomotive noise is dominated by the exhaust of diesel engines, which
chratc at eight possible speed and power cutput 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 cum-
bersome enforcement practices. For ease of enforcement, permissible noise could be specified at the
throttle setting with the most noise - throttle 8, However, this approach may lead muffler manu-
Tacturers to design mufflers that are tuned to the engine speed correspending to that throttle setting.

“Such mufflers could be effective at the design setting and ineffective at other settings! Qbviously,

‘this would defeat the purpose of a locomative regulation,

A compromise solution is (o control locomotive noise at two conditions: idle and full power.
{die and full power apply 10 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 settings will result.

Although it is unrealistic to assume that mufflers can be designed, fabricated, and installed on
locomotives as soon as a regulation is promulgated, it is not unreasonable to held noise at the Jevel
oft existing, well-maintalned equipment, Data, for locomotives at throttle setting 8, indicate that
aimost no locomotives exceed 93 dB(A) at 100 ft. Likewise, data indicatd that locomotives at idle
can be expected not to emit more than 73 AB(A) at 100 ft. Accordingly, the following levels have
been identified as indicative of present noise emissions:

1dle o
Overall Maximum 93

ion 4 indicates that muftlers copable of reducing exhavst noise by 10 dB(A) are feasible.
Depending upon the relative contribution of the exhaust noise to the dominent source’s of locomotive
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noise, this reduction may produce a4 (o 8 dB(A) reduction in the total noise (see Table 4-5). 1t

is believed that the noisier locomotives have o higher exhaust noise component and, therefore. may
achieve greater overall reduction in total noise by reducing exhaust noise, When exhaust npoise is less
dominant, smaller reductions in total noise will result. However, in this case, overall noise seems o
be initially lower. Based on the considerations of availuble cnmipirical datu, an overall noise reduciion
of 6 dB(A) for the noisier locomotives seems reasonable. Accordingly, the application of an exhaust
muffler can be expected to permit all locomotives to achieve the following levels:

Idle 67 dB(A)
Overall Maximum 87 dB(A)

The exhaust noise js primarily a function of the diesel engine horsepower and the 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 engine if the aspiration
is the same,

However, the Iarger engines are gencrally turbocharged, while the simall engines are rootes

blown. This leads to a partial cancellation of the effect of power and aspiration on the exhaust noise.

1t 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 4 also shows that muffler manufacturers could supply the needed hardware after
approximately 2 years for design, development, and testing. Allowing another 2 years for installa-
tion (see Section B of this document for a discussion of installation costs), # 4-year program far
completion of muffler retrofit appears reasonable. '

Locomotive Noise: Vehicle in Motion

In addition to the stationary Jocomotive standard a pass-by standard which relates directly to
the manner in which locomotives operate in the environment is also desiruble. Such 2 standard also
could be a useful toel for adoption and enforcement by local and State governments.

Based on available train pass-by data {(see Figure 4-3) 96 dB(A) measured at 100 feet is achiev-
able and represents the status quo for current Ioulomotivc noise emissions, As discussed above, a
reduction in overall locomotive noise of 6 dB(A) for the noisier locomotive through proper mufiler
application is considered reasonable, Therefore, 1'1sing the sume projected design, development,
testing, and installation times mentioned above a 90 dB(A) noise emission level measured at 100 feet
for all locomotives during a pass-by test would be required in four years,

There seems to be a general relationship betwien the load cell and pass-by levels prescribed,
The meximum levels observed differ by approximately 3 dB(A). This relationship cannot be
definitively stated since measurements comparing the two procedures have not been conducted
under controlled situations, However, by proposing both pass-by and load cell measurement tests
in the proposed standard the public is allowed the opportunity to comment on both,
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Railear Noise: Vehicles in Motion on Line

Pigure 4-8 shows that at a given speed, railvar noise ranges £5 dB(A) above or below 4 mean
vaiig, AUSS mph the mean is approximately 83 dB(A). At 60 mph the meun is approximately
85 dR(A). Assuch, the following status quo standard measured at a 100 ft. distance for railcars
in motion is considered appropriate:

Railear Speed (v) Noise Level
mph dB(A)
V<45 88
V>45 93

Raidear Noise: Vehicles in Motion in Yards

As djscussed in Section 4, railcar passage through a retarder causes the emission of noise lovels
as high as 120 dB(A). Further discussed, were five possible methods of retarder noise control that

mizht conceivably be employed individually or in concert. With such information it might be
argued that a status quo level of 120 dB(A) may be appropriate at this time and subsequently
reduced to approximately 80 dB(A) as the technology of retarder nojse contrel advances over the

next few years, At this time, however, it is the Agency’s position that retarder noise is an element

of fixed facility railroad yard ioise which, as such, can best be controlled by measures which do
not in themselves affect the movement of trains and therefore do not require national uniformity
of treatment, Such noise control measures might include, lor example, the erection of noise
barriers, The Agency's study of railroad yard noise indicates that concern for noise from raiiroad
yards is more local than national. This is due in large part to the location of the number of yards
in non-urban areas and the relatively small number of hump yards (130). Accordingly, the estab-
lishmeni of a uniform national standard could potentially incur significant costs to the ruilroads
with only limited environmental impact resulting in terms of population relief from undesirable
nojse levels,
In summary, the pringipal reasons for propusing to not regulate retarders at this time are:
I.  The technology and cost information on retarder source control is not adequate at this
time to justify inclusion in proposed regulations.
Application of barriers (which is a gcnefa! technology applicable to many noise sources)
to reduce retarder noise is more appropriately handled by local or State jurisdiction on
a case-by-case basis, .
3. EPA studies of models of environmental benelit resulting from reducing retarder noise
imply only a small benetit on o national basis. This is due largely 1o the relatively small
number of hump yards. (See Appendices Cand D).
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SECTION 6

GENERAL PROCEDURE TO MEASURE RAILROAD NOISE

INTRODUCTION

In developing this Background Document/Environmental Explanation and proposed standard,
EPA has reviewed several methods which may be used to measure railroad noise emissions. The
procedures used by EPA {0 measure railroad noise conform in general with the measurement pro-
cedures described in this section. The Agency believes this procedure to be reasonable for the
purpose of measuring railroad noise, and suggests it for use by other parties in the measurement of
such noise emission.

If jssue is taken with the data supporting the railroad standards proposed by EPA, such data
as may be submitted to the Agency in support of the respondent’s pesition should be based on
similar measurement methods or procedures, The equivalency or correlation between different
measurement practices must be clearly explained in order (o permit adequate comparisons with
the data and levels in the proposed regulation.

It is recommended that technically competent personnel select the equipment o be used for
the test measwrements. Proper test instrumentation and experienced personnel is essential to oblain.
valid measuréments. Operating manuals or other literature furnished by the instrument manufac

“turer should be referred to, for both recommended operation of the instruments and precautions
_to be observed.

MEASUREMENT INSTRUMENTATION

A sound level meter that meets all the requirements of American National Standard S1.4-1971
for a Type 1 instrurnent and 2li requirements of International Electrotechnical Commission (1EC)
Publication 179(1965) should be used with the meter set to “fast” response, Alternativefadditional
measurement instrumentation, such as g magnetic tape recorder or 3 graphic level recorder, may be
used for conducting the measurements, provided that the overall performance of the measurement
system conforms to the requirement of this Measurement Instrumentation Section over the
frequency range from 25 Hz to 10K Hz, In conducting the measurements of sound level, the
genera] requirements and procedures of American National Standard 81,13-1971 should be followed.,
These publications are availuble from the American National Standards Institute, Inc., 1420 Broad-
way, New York, New York 10018,
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A wind screen that dous not introduce measurement uncertaintics in excess of plus or minus
1,5 dB(A), should be used at all times. No sound leve]l measurements should be taken when the
wind speed near the microphone exceeds 20 km/hr {12 mph).

The sound level meter, or other measurcinent instrumentation, should be calibrated (e.g., by
meuns of a pistonphone) at one or more {requencies, at the beginning and e¢nd of each series of
measurements. The calibrator should produce i sound pressure level, it the microphone diaphragm,
that is known within a precision of plus or minus 0.5 decibel. The calibrator should be checked
monthly to verify that its output has not chunged.

A complete frequency response calibration of the instrumentation over the entire frequency

range of 25 Hz to 10K Hz should be performed at Jeast monthly using methodology of sufficient t
precision and accuracy to detenuine compliance with American National Standard $1-4-1971 and '
IEC 179, This calibration shall consist, at o minimum, of an overall frequency response calibration .
and an attenuator (gain control) calibration plus a measurement of dynamic range and instrument

nois¢ floor. .

TEST SITE PHYSICAL, ACOUSTICAL, WEATHERR AND
BACKGROUND NOISE CONDITIONS
In genetal, the test site should be selected such that the locomotive or train radjates sound
over the ground plzne of an open space free of large, sound reflecting objects, such as barriers, hills,
signboards, parked vehicles, bridges or buildings within the boundaries described by Figure 1 (rail
car or locomotive noise pass-by test) and Figure 2 (for stationary test). In addition, the following
specific conditions are also suggeslcd ! j
1. The track bed within the test site desctribed in Fxgurcs 6-1 or 6-2 should be visible by |
direct line of sight from a position 4 fect ybove the ground at the microphote loca-
' tmn which is atso descnbcd In Figures 6-1 or 6-2.
2, The terrain between the vehicle under test and measuring mlcrophane :.hould be rclatwely
free of ground covering having excessive sound absorption characteristics,
3. Theground clevation at the micraphone location should be within plus or minus 3 meters ‘
(10 feet) of the elevdtion of the track bed at the location in-line with the microphone.
4,  Within the test section, the track should exhibit less than a 2 degree curve [or a radius of ;
cutvature greater than 873 meters (2,865 feet)). This does not apply during a stationary
test, The track should have tie znd ballast in good condijtion and preferably welded mils,
and be free of special track work such as turnouts or crossovers, and bridges or tresties.
§.  Mensurements should not be made during precipitation. ;
6. Maximum background noise at the microphone location of Figure 6-l or6-2, immedi- . |

g
ately before and after the test, should be at least 10 dB(A) below the level measured o %,
during the test. Measurements should be made with the sound meter set to fast response. LY
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7. Corrections for measurements at viarying altitudes should be mude in accordance with
recommendations of the instrumentations manufucturers lor altitudes greater than
1,000 meters {3,000 l'eet) above sea lavel,

PROCEDURES FOR THE MEASUREMENT OF LOCOMOTIVE
AND RAIL CAR NOISE EMISSIONS

Introduction
One procedure (or the measurement of Jocomeotive noise is to connuecl the locomotive to a

Joad cell where it can be loaded by feeding its electrical power into resistor grids, Since a load cell
may not always be available or conform to test site requirements (see Figure 6-2), alternative ways
of measuring locomotive noise often are used, These include stationary self-lead testing for loco-
motives which are so equipped, and pass-by measurements of locomotives, The procedures relating
to rail car noise emissions are for the puss-by condition,

Generl Requirements

The noise emitted by the locomotive should be measured from both sides when connected to
# load cell or under seli-load test, if possible, The test site should be selected in accordance with
requirements of the previous section on physical, acoustical, weather and background noise condi-
tions. Measurement on botl; sides of the locomotive would not be done Tor uncentrolied pass-by
measurements, ]

For the stationary locomotive tests, the miicrophone should be positioned at a point on a line
normal to the track and 30 meters (100 feet) from the center of the locomotive. i

For moving rail car and locomotive tests, the microphone should be 30 meters (100 feet) from
the track center line,

In ail cases the microphone should be positioned 4 feet above the ground, with its diaphragmn
oriented toward the source in accordance with the manufacturer’s recommendations to provide the
most uniform frequency response.

The observer should be at least 3 meters {10 feet) from the microphone. Under no circumstances

chowld an observer stand between the microphone and the source whose sound level is being
measured, .
To assure that adequate information is collected for each test it is recommended that the
following data be recorded:
i, Name and precise location of test site -
Locomotive: manufacturer, type, model, serial number and horsepower rating
A-weighted sound pressure levels as determined in the test described below
Altitude, above sea level, of the test site
Prevailing wind speed and direction at thp time of the test
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6. Dateand time of day of the lest

7. Nome and identification of the person(s) making the test

8,  Maoadel and seria] number of test instrumentation,

Two types of sound measturement tests seem particularly applicable for rail carrier noise
emissions. These are the foad cel! test lor stationary locomotives, and the weyside test for moving
locomotives and tail cars. For load cell tests, measurements should be repeated at least three times
for each side of the locomotive which is measured. The highest of the two arithmetic means, of the
sound levels observed for each side, should be the sound level recorded. This is not possible for
uncontrolled pass-by measurements. Only one measurement need be made for the uncontrolled
wayside nojse pass-by test for locomotives and rafl cars.

Locomotive Load Celi and Self-Luad Noise Emission Measurement

Measurement should be made at sevetal theottle settings, with engine cooling fans operating;
however, as a minimum, settings corresponding to idle and maximum engine pewer should be
mandatory, The maximum crgine power setiing for most locomotives will correspond to seiting
eight, The sound level meter should be observed for thirty seconds after the test throttle setting is
established. The maximum sound level observed during that time should be recorded.

Locomotive Pass-by Noise Emission Measurement

Locomotive noise measurements should begin when the locomotive, or combination of loco-
motives, is within 60 meters (200 feet) of the measuring position (as measured glong the track) and
continue until the last locomotive has passed at least 150 meters (500 feet) or is 10 rail car lenpths
away f{rom the measuring point. The maximum sound level observed in this manner should be
recorded, Locomotive acoustical warning devices such as horns, whistles and bells 5}.1011](1 be
excluded in selecting the maximum souna level observed. .

Rall Car Pass-by Test Noise I.;".mlssion Measurement

Rail car noise measurements should begin when the locomotive or combination of locomotives
has passed a distance of 300 meters (1,000 {eet) or 20 rail cars beyond the measuring position.

" There should be no other locomotives within 300 meters (1,000 feet) or 20 rail car lengths from

the meusuring point. The maximum sound level observed in this manner should be recorded.
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SECTION 7
ECONOMIC EFFECTS OF A PETROFIT PROGRAM

INTRODUCTION
The imposition of a railroad muffler retrolit program will afTect both the railroads and the

industries that purchase transportaticn services. Minimal changes in transportation patterns may
be expected as a result of a retrofit program since increases in cost per ton mile of [reight moved
are estimated to be small. The purpose of this portion of the background decument is to examine
the possible magnitude of such effects; their consequences in terms of railroad viability and the
transportation of commodities; and techniques by which adverse economic impacts might be
avoided.

The study presented here relies on a number of information sources and makes a number of
assumptions in the course of arriving at quantitative estimates of impact, Data on costs of materials
and labor for retrofit program were obtained chiefly from muffler manulacturers and railroad
personnel. Infopmation on locomotive maintenance requirements was Hkewise obtained from the
railronds, Operating and financial statistics for individual roads and the industry as a whole came
from reports of the Interstate Commerce Commission. To project the ultimate economic effects
of incurred costs, assumptions were required concerning future trends in railroad activity. In some
cases for which a range of assumptions was possible, the alternative least favorable in terms of
impact was chosen; in this sense, the analysis represents somewhat of a “worst case” upproach,
Wherever assumptions are made, however, they are substantiated to the extent allowed by existing

data,

THE IMPFACT ON THE RAILROAD INDUSTRY

General Impact
The enginecring data gathered from discussions with various manufacturers and railroad oper-

ating personne} were used to estimate the direct cost of muffler retrofit by locomotive type and
manufacturer. The differences in construction between switcher and road locomotives required that
these be treated separately. The three categories of direct cost are mufflers, additional hardware,

7-1
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and labor, Since each make of locomotive is somewhat unique, it was necessary to make separate
amalyses of vach type, The costs are shown in Tuble 7-1. The retrofit costs associnted with the
varlous types of locomotives are based on the designs of several common types, which make up
about 90% of the population. For some locomotives, retrofit costs may be significantly higher
thun the ligures shown here. This may be the case, for example, for several hundred units which,
although originally conforming to ane of the cominon designs, ltave been heavily modified during
service so that their configurations now present difficult hardware problems to @ muftler installer,
Alsa, there are some 1,000 older road locomotives manufactured by Alco and Fuirbanks-Morse

and owned by a total of 22 rajlroads, 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,
The estimates of the direct cost of mufflers and additional materials were gathered {rom
locomotive and muffler manufacturers; the sources of the dat: on required labor input were loco-
motive manuftcturers, muffler manufacturers, and management personnel of selected railroads.
An hourly wage rate of $5.80 per hour was arrived at by taking total compensation of main-
tenance personnel as reported in annual ICC summaries and dividing by tots! hours worked."
Although this wage rate probubly includes some overtime compensation, it may be an acctrate

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,/81500 @ [--=-~ = [ae=s--

2500(TC)
Muffler 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 [ 5246 -546 | $3187-4187( §3187-4187] 5546 - 846

(RB) = Rootes Blown
(TC) = Turbocharged

*All railroad data presented in this section come from Interstate Commerce Commission,
Transportation Statistics in the U5, (1971) unless otherwise specified.
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reflection of the true libor cost, since some retrofitting may be done al the overtime rate, We
assume thut the current mix of straight time and overtime will be used in the retrofit program.

No capital costs for maintenance facilitics were assigned to the retrofit program. Annual
compensation statistics and diseussions with the Associntion of American Railroads indjeate that
the roads have been generally cutting back their maintenance staff over the last decade, while
not necessarily reducing the size of their plant.* Frequently, therefore, excess physical capacity
would be available for a retrofit program. In an vconomic, aithough not necessarily an account-
ing sense, such excess cupacity can be utilized ut zero cosl.

The next step was to determine how many of each type of locomotive are in service, The
May 1973 issue of Railwuy Locomotives and Cars lisls the make and horsepower of cach loco-
motive in service by railroad, In most cases, the horsepower of the engine could be used to deter-
mine whether it is a switcher or road locomative, Generud Motors (GM) produces both a 1500-hp
switcher and a 1500-hp road Jocomotive, but because road locomotives wutnumber switchers by
about seven to one, we assumed all General Motors 1500-hp locomotives to be road locomotives,
This biased the cost estimates upward by a small amount. Table 7-2 shows the distribution of
locomotives by type and manufacturer both nationully and for each of the three 1CC regions,

TABLE 7-2

DISTRIBUTION OF LOCOMOTIVES BY MANUFACTURER, TYPE, AND REGION
(Source: *'Railway Motive Power, 1973, Raifway Locomotives and Cars, May 1973)

Manufacturer Region
]a;;gL East South West
Total (29 Roads)* (8 Rouds)* (22 Roads)*

GM Road 16,155 7,006 2,026 7,123
GM Switcher 2,811 1,462 304 1,045
GE Road 1,930 878 230 822
Other Road 1,737 1,052 ' 189 ‘ 396
Other Switcher 1,504 734 139 631

*Number of roads in cach district abtained from ICC, op, cit, Other listings of roads may not tally with
this one, due to varying methods of accounting for mergers, subsidiaries, etc.

*Sources in the AAR state that this may not be the case for roads which have recently modem-
ized their plants and which may have divested themselves of some unnceded facilitivs. In these
cases, according to the AAR, the cost of installing or renting the needed plant and equipment
may signilicantly increase retrofit costs. Unfortunately, precise estimates of capital stock in
maintenance facilities do not exist,
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Total direct cost of the retrofit program was obtained by multiplying the cost per locomotive
by the number of locomotives.® This is given in Table 7-3 in terms of minimum and maximum
costs for each region and for the entire nation,

TABLE 7-3

TOTAL DIRECT COST OF RETROFIT PROGRAM
(Millions ol Dolltars)

[_ Locomotive Manufactarer and Type
el ‘otul
Region oM GM GE Other Other Totu
Road Switcher Road Road Switcher
East
mitX, §22.160 30.798 $3.676 $4.405 50.621 $31.660
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. 15414 0.257 2,620 1.262 0.345 19,898
South
max. 6.411 0.166 0.963 1.210 0118 8.868
min, 4.386 0.075 0.733 0.921 0.076 6.191
National
max, : 69.263
min, 48,162

i
The 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 program. In addition, the annual cost for 2- and
: S-year compliance periods is shown as a percentage of the 1971 net operating revenue, 1t shuiild be
i noted that we are assuming 2 and 5 yeurs beginning at the time the muffler bucomes available.

*Normully, 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 ol an endeimic 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 campliance period and 2000 fewer over a 2-year period. The total cost estimates projected
above would then be high by about 20% and 8% for the two compliance periods, respectively.
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TABLE 74
ANNUAL DIRECT COST OF 2- AND 5-YEAR RETROFIT PROGRAMS

Total Direct Cost
(thousamls of dolars)

Cost as Percentage of

Net Revenue

Region 2-Year S-Year 2-Yeur 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 4413 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
Waest 14,368 9,949 5,747 3,980 1.09 0.75 0.44 0.30
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Generally, mufflers will not he avaitable unil 2 years after the segulation is promulgated, so that
the 2-year program will not be completed until 3 years after promulgation, and the S-year progranm
until 7 years after promulgation.

It appears that the direct cost of @ retrofit program will not constitute i significant burden on
the raitroads, Total direct cost is invarisnt with respect to compliance peried, aithough annual cost
is net. Annual cost is, therefore, probably a more relevant measure of the financial impact on the
rattroads,

The direct cost of retrofitting mofflers is only part of the tota! cost, however, T retrofitting
requires that locomotives by tuken out of service and il the raifroads have no excess capacity with
respect to locomotives then there will be some loss of revenue, At present, most raijroads are oper-
ating at full capacity, The number of locomatives has decreased slightly from 1965 to 1973 {from
27,988 to 27,04 1) although total horsepower did increase from 52 million in 1971 to 55 million in
1973, It appears, therelore, that capacity has remained about constant or decreased slightly while
demand has increased. It seems unlikely that the present high volume of grain shipments will con-
tinue heyond a year, Other factors, however, indicate that the current high levels of capacity utili-
zation will probably continue inta the future.

One of the developments that will tend to keep rait transportation at a high Jevel of capacity
utilization is the *‘encrgy crisis.,”” A general fuel shortage favors the railroads over other modes of
transportation. An increase in coal output, which seems inevitable, would stimuiate 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 refative to ruil 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 ton mile of freight. As a result, trans-
portation demand would tend to shift from trucks to rail. The net effect of these considerations is
to support the assumption that railroads will be operating at close to full capacity for the next §
or so years, This means that locumotive downtime due to retrofit may likely result in lost revenues.,®

The time lost may be significantly reduced by seheduling retrofits during regular locomotive
maintenance, Nationally, the average maintenance cycle is 4 years for an intermediate overhaul and
8 years for a heavy overhaul. The length of the cycle for an individual railroad is a function of

*One way in which operators may overceme this problem is lo 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, howeyer, only if the locomotive manufucturers
can produce the extra units. At present, according to locomative manufacturers, locomotive pro-
duction is below dentand even though production facilitics are operating at full capacity, Itis
reasonable to assume that conditions of motor power shortage relative to demand for transporta-
tion will persist throughout the compliance period, resulting in lost revenue when units are
removed [or retrofit,

7-6
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locomotive mileage, Table 7-5 shows the national average adjusted regionally (o refleet differcnt
average locomotive miles per year. The maintenance cycle is shortest in the West where locomatives
travel more miles per year and longest in the East where miles per year are lowest.

TABLE 7-5

AVERAGE MAINTENANCE INTERVAL BY DISTRICT (years)

. (Source: 1971 ICC Siatistics and Operators’ Estimates)
. Regional Average Maintenance
Type of Interval (Years)*
Maintenance
S National East South West
} Intermediate 4.0 5.5 4.0 35
Heavy 8.0 11,0 8.0 7.0
i

*These figures do not include the effects of deferred maintenance as practiced by some roads in finoncial distress,

An intermediate overhaul generally takes about 2 to 3 days, while a heavy overhaul takes about
14 days. The estimated time required to retrofit & muffler ranges from 3 days for a General Motors
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 cut of service specifically for retrofit. One can see that there
. are no lost doys for any type of locomotive if all retrofitting is done during heavy overhaul,

R NS

b TABLE 7-6

DAYS LOST DUE TO RETROFIT
(Source: Manufacturers' and Qperators’ Estimates)

. Locomotive Manufacturer and Type
g , GM GM GE Other Other
H A *
s Basis of Retrofit Roud Switcher Road Road Switcher
P If done by itself 3 ! 2 2 !
=: 1T done during regular
i intermediate overhauls ! 0 0 0 1]
f
¥ IF done during regular
g. heavy overhaul 0 0 0 0 0
£
g' ) * Assumes no ing tin?e due 1z traval o and from shiop and no muffler retrofitting done during emergoney repairs,
H : .
! 77
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As is shown, the total lost fecomalive time due to mufiler retrotits deprends o how many
locomatives can be treated during the normal maintenance cycle. Table 7-7 shows the expression
used to compuie total lost days for each line or district, The first term represents the time last by
GM road locomotives undergoing intermediate overhaul. The remaining three terms account for
time lost by those locomotives that will not be due for routine maintenence during the compliance
period and which, therefore, must be specially called in for muffler retrolit. (Recall from Table 7-6
that, except for GM road locomotives, units undergoing intermediate or heavy overhaul will exper-
ience no extra lime lost due to retrofitting a muffler,)

TABLE 7-7
EQUATION FOR TOTAL LOST TIME PER DISTRICT
I

LT = [NGMXE XYX]duy}

Y
+ NGMX("T‘)X 3days]

m
i v ? for (l - -Tl) >0
+ NGEO X( 1 -T—m-) X 2days] m

' Y
+ [vgw % (1-.,1_,..)x I day ] /

m
] Y
=2 NGM X Iday for (| -';i:"-)*-; 0
' m
where Y = number of years sllowed for retrofit

NGM = number of GM reoad locomeotives

Nggo = number of GE and “other"” road iocomotives

Ngyw = tatal number of switchers of all makes

Tm = time interval for “Intermediate™ maintenance
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The equation in Table 7-7 has been used (o compute lost tocomotive days for each region.
These have been summed to give a national total, The figures are shown in Table 7-8. Two
complinnce periods are used to illustrate the decrease in lost time with a longer retrolit period.

We sce from the table that increasing the period from 2 to 5 years results in a decrease of the lost
locomotive days per year by 70 percent,

A change in the compliance period affects only the number of lost locomotive days; the direct
cost of the retrofit program does not change. 1 we take the total number of lost locomotive days
resulting from a 2-year period und assign it the number 1, then the total number of Jost days fora
3-year program is 0.76, the total of a 4-year program is 0.52, and the (otal ol a 5-year program is
0.29, As the compliance period is lengihened, lost locomotive days decrease; thus, the indirect
cost of the program decreases.

The calculations of lost locomotive days must be translated into daollar costs. A number of
problems arise in calculating the value of a locomotive, First, should 4 distinction be made between
road locomotives and switchers? [t seems desirable to treat the transportation revenue earned by
rail service as being carned by both road and switch engines, since the lack of cither (if both are
used to full capacity) would cause a reduction in service. We have therefore assumed that euch has
the same value per day.

Secondly, what value should be assigned to a locomotive day? I all roads are operating at
full capacity, then removing a locomotive catises 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 earnings, that is, the present value
of the marginal product.

TABLE 7-8

LOST LOCOMOTIVE DAYS BY REGION AND COMPLIANCE PERIOD

Lost Region

: 08

Cofr’ne%lg:incc Locomative East South West

Days National*, | (29 roads) | (8roads) | (22 roads)

2-year Yearly 17,048 9,252 2,143 . 6,378
program Totul 34,000 18,504 4,286 17,048
S-year Yearly 2,044 1,129 203 712
program Total . 10,220 5,645 1,013 3,562

1
R

*Locotnotive days iost nationally Is not the sum of the three regions, since the national was calculated
using an avorage maintenance cycle and the regional was adjusted to reflect different utilization rates.
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Given the conditions stated above, the vialue of a locomotive day was calculated by taking
total transportation revenue and dividing by the totil number of locomative days available,
Table 7-9 shows these calculations natienally and regionally. Table 7-10 gives estimates of
the indirect costs of a 2- and S-year retrofit program by incorporating the lost Jocomotive days
from Table 7-8 and the value of a locomotive day from Table 7-9. Notc that the shorter the
caompliance period the larger the total indircet costs. This is a function of the increase in the
number of lost locomotive days as the compliance period is shortened. .

TABLE 7-9

REGIONAL ANNUAL REVENUE PER LOCOMOTIVE DAY

Region
National East South West
Total tranportation
revenue (millions of $) 812,417 84,497 £2,12] $5,799
Transportation revenue
per locomotive day (§) 1,251 1,186 1,256 1.304
TABLE 7-10

ESTIMATED LOST REVENUE DUE TO RETROFIT

A g e bt e e

[P

{Thousands of Dolliirs) ,
. 2-Year Program’ 5-Year Program
Region
Per Year Total Per Year Total
National 21,582 43,963 2,557 12,785
East 10,973 21,946 1,338 6,690
South 2,692 5,383 254 1,270
West 8317 16,634 928 4,640
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Table 7-11 arrives at the annual net retrolit cost by combining the direet and indirect costs
and subtracting the reduction in operating costs that would oveur as a resudr of & reduction in tral-
fic. Cost reductions were determined rom the ICC detailed accounts and include the tollowing:

' . Account No. Description
365 Dispatching Trains
' 367 Weighing, Inspection, & Demurrage Burcaus
. 368 Coal and Ore Wharves
371 Yard Cenductors & Brakemen
’ 373 Yard Enginemen
374 Yard Switching Fuel
382 Train Enginemen
383 Train Fuel
387 Trainmen
388 Train Supplies and Fuel
395 Employves’ Health and Welfare Bureaus

The estimates of cost reductions used here are much lower than those used by the ICC.*
They have claimed that B0 percent of costs are out of pocket or variable costs. This might be
true if railroads were curtailing service in the face of falling demand. Variable cost may constituge
80 percent 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 wouid curtail other operations but rather that they would ettempt to offset locomotive
" shortages by changes in lnbor and equipment usage patterns, In addition, if there are adjustment

o costs and since the cutback in capacity is temporary, the riilroads would be expected to respond
: differently from a situation in which the reduction was anticipated to be of longer duration.
e Table 7-12 gives the total net cost of the 2- and S-year programs. Again, it points up the cost

differential 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 components for compliance periods of 2 to 5 years,

i

*Sae LS. Intarstate Comimerce Commissian, Bureau of Accounts, Explanation of Rail Cost Finding Procedures
:] and Principlos Relating to tha Use of Costs. St. 7-63, Washington, D.C., 1 November 1963 and U.S. Interstots
1 Cammissien, “Rules to Govern the Assernbling and Presenting of Cost Evidence.” Docket No. 34013,321 1.C.C,
238 Order of April 16, 1962.
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ANNUAL NET COST OF RETROFIT

(Thousands of Dolfars)

Direct Cost National East South West
2.year program
max 534,632 Fi5,830 $4,434 $14,368
min 24,042 11,037 3,096 9,949
S-year program
max 13,853 6,332 1,774 5,747
min 9,633 4,415 1,238 3,980
Indirect Cost
2-year program 21,982 10,973 2,692 8317
S-year program 2,557 1,338 254 928
Reduction in
Operating Costs
2-year program 4,964 2,748 555 1,856
S-year program 597 335 53 207
Net Cost
Z-year program
max 51,650 24,055 6,571 20,829
min 41,100 15,262 5,233 16,410
S-year program
- max 15813 7,335 1,975 6,468
min 11,593 5418 1,439 4,701
7-12 P
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TABLE 7-12

TOTAL NET COST OF RETROFIT PROGRAM

{Thousands of Pollars)*

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

‘ 2 years 103,300 | 82,200 | 48,110 | 38,524 | 13,142 | 10,466 | 4),658 | 32,820
3 years* 05,221 74,121

d 4 years* 87,143 66,043
5 years 79,065 | 57965 | 36,675 | 27.090 | 8,875 | 7,195 | 32,340 | 23,505

*These reprasent linear interpolations of the 2- and B-year programs.

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 rouds would pay a higher percentage
of total revenue toward a retrofit program than would the ather regions.

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

rall industry's ability to pay fora retrofit program (sce Table 7-14). Retrofit constitutes a small

percentage of net operating revenue both nationally and regionally, As we have seen earlier, how-

ever, the eastern railroads will pay the highest percentage of net revenue for the retrofit program.
! This partly reflects the fact that eastern roads as a group tend to eam luss profit than roads in

other regions.

TABLE 7-13

OPERATING REVENUE

ANNUAL RETROFIT COST AS A PERCENTAGE OF 197] TOTAL

" Complisnce National Eust South West J

. Pericg M ] Mir [ Mex T_Mi“ Mas [ M M;‘.} ——r M

A o e en e - : Lk . b . ., . . ’ oo
Tyears [ 0426 | 033% | 0.53% | 043% | 0314 | 025 | 0364 | 028 |
Syears | 0.13% | 0.09% { 0.16% | 0.12% | 0.09% | 0.07% | 0.11% | o.08%

N . . , .
Net operating rovenue is defined as transportation revenue minus variable transportation costs, Subtracting
rents, taxes, and inturest payments from net operating revenue gives net operating income,or profit fram

traight operations,
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Figure 7-1, Cost of Retrofit Program as a Function of Compliunce Period
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TABLE 7-14

ANNUAL RETROFIT COST AS A PERCENTAGE OF 1971 NET
OPERATING REVENUE

Compliance National East South West
Period Max Min Max Min Max Min Max Min
2 years 1.96% | 1.56% | 2.48% | 0.31% | L22% ] 097% ) 1.58% | 1.24%
5 years 0.60% | 044% | 0.95% | 0.70% | 0384 | 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; these will be treated elsewhere,

In order to give & more detailed picture of the industry's ability to pay for a retrofit program,
program cost as a percent of net operating revenue has been computed for each Class 1 railroad
(including bankrupt reads but excluding those with negative net revenues). Figure 7-2 shows how
the railroads are distributed with respect to cost-to-net revenue rutio. The figure shows that the
impact of a 2-year program is much greater than that of 4 S-year program.

The lmpact on Marginal Railroads
The adverse effects of extra operating costs is greater on firms in financial distress than those
that are healthy, This is of concern in the case of the ruilrouds, because a number of them face dif-
ficulties in maintaiping profitable operations. It is important to ¢stimate the number of railroads
that may have trouble paying the cost of a retrofit progrim even though the magnitudes of the
expenses involved in such a program are small relative to other expenses faced by the railroads,
(For example, 1 30 percent increase in the price of diesel fuel would increase operating cosls by
roughly $125 million,* This would represent from 2.5 to 12 times the annual cost of a muffler
retrofit program, depending on the compliance period allowed.)
This section attempts to gauge the extent of the problem posed in paying for a retrofit pro-
gram by determining how many railroads are in financial distress, This is done by computing,
for each road, several financial ratios that are generally accepied as indicating the financi) coands
tion of 2 business enterprise, A summary of the number of tads weth anbaonabile volies feat racl
ratie is then given. This technique does not give a quantitative definition of which railronds cannot
afford u retrofit program. At best, it gives a rank-ordering. The cutoff value that determines
*financial distress" is arbitrary,

*This figure is computed by using 85 a baseline the total cast of fuel for all Class | raifraads in 1971, which was
$417 million {ICC, op. cit.)
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The following financial tatios were computed:
a. Current assets/total assets

b.  Operating ratio (operating expensesfoperating revenues)
¢ Total liabilities less stockholders' equity/total assels
d. Income after fixed chargesftotal asscts
* e.  Retained earnings/totai assets
f.  Netincome/total assets
- g Netincomefoperating revenue
All bankrupt roads are exciuded from this discussion, which is concerned only with roads
’ that have pot been declared bankrupt but which may be in financial distress.
In most cases these rutios parallel those used by Edward Altman (197F). Ratios g and b are
. measures of the liquidity* of a railroad, while b, d, 1, and g are measures of profitability and ceffi-

ciency. Ratio ¢ measures solvency.

With respect to ratio 4, the analysis seems inconclusive. A large number of roads had ratios
of curtent to total assets in excess of three standard deviations from the mean. This indicates that
the distribution of values of this ratio did nor epproximate a normal distdbution. This being the
case, ratio ¢ does not constitute a valid indicator of which roads may be in distress,

The analysis of ratio e (retained earnings/total assets) indicated that 14 railroads have negative
retained earnings, while two have zero, showing that these roads lack Jiquidity, While internal
financing may not be important in the rail industry, the negative retained earnings indicates that

. these roads are drawing down cash reserves,** '
i The most commenly used measure of profitability is operating ratio », the ratio of operating
: revenue to operating expenses, Three roads have operating ratios greater than 1, indicating that

expenses exceed revenue, An additional seven roads bave cperating ratios more than three standard
deviations higher than the mean. Certainly the three roads and possibly some ol the seven must be
considered to be in an adverse position. Ratios S and g are similar measures, in that a road with a
negative net income will have o negative ratio for both fand g. Six roads have negative net incomes.
In addition, two other roads must be considered to be poor performers as measured by the
ratio of net income to total assets (/).

Ratio @ indicates thut nine roads have negative income and two have zero income after fixed
: charges. These roads are unprofitable by definition. The ratio of total liabilities (less stockholders’
.* ‘ equity) to total assets ¢ appears to have also yielded inconclusive results. One road stands out as
: being extremely poor by this measure, and there are four other roads for which this ratio is greater
L than 1.

*Liquidity is the ability of a firm to convert assets into cush,
**#This may also represent an insufficient amaint of funds allocated to depreciation.
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A word of caution should be issued in the interpretation of any ratio thai uses total assets,
Under the “betterment™ accounting procedure, total assets tend to be inllated, However, to the
extent thut this bius 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 rajl industry.

Table 7-15 stimmarizes the above findings with respect to the named ratios. As was mentioned
before, the table lists “worst performers™ as indicated by cach ratio, the cutoff point being rather
arbitrary. More significant is Table 7-16, which shows how many of the railroads contained in tiw
previous tuble appear under more than one ratio,  Table 7-16 shows that 12 roads are in distress
with respect to three or nore indicators; it can reasonably be presumed that these 12, at least,
could have difficulty in financing a retrofit program.

The Impact on Bankrupt Railroads

Of the 71 Class 1 fline-haul railroads in the United States, seven are bankrupt: Boston and
Maine, Central Railroad of New Jersey, Erie Lackawanna, Lehigh Valley, Penn Central Transporta-
tion Co., the Reading Co., und Ann Arbor. These seven railroads operate about 20% of the Joco-
motives owned by Class | railroads in the U.S. Not surprisingly, the total cost of retrofit for these
roads (see Table 7-17) is about 20% of the total cost for the entire mufiler retrefit program,

These railroads will have difficulty financing the cost of a muffler retrofit program. There is
no question that the financial positions of these roads are bad, All six have negative net income,
and are currently meeting their deficits in part by drawing down cash reserves, Many of these
roads are currently receiving some form of subsidy, and all are in default on interest payments,
bonds, andfor taxes,

THE IMPACT ON USERS OF RAIL TRANSPORTATION

The effect of 4 muffler retrofit program may be felt by the railroads’ users 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 service. Either
of these developments would tend to encourage some shippers to seek elsewhere for trans-
portation services, This section ¢xamines the possible magnitude of these effects,

The Effect On Railway Freight Rates

The ability of the rail industry to recapture the cost of a muffler retrefit program depends
on the characteristics of the market it faces. The establishment of Amtrak and the low volume
(and high price elasticity) of passenger service probably precludes the railroads from recovering
any of the retrofit costs through increases in passenger fares; rather, increased revenues would
be 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 Faverable Position)

Indicator Number of Roads in Unlavorable Position
A.  Current sssets/total assets Inconctusive
Operating rutio 4 roads’ greater than | (expenses > revenues)

4 roads’ between | and 85

Total liabilities (less stockholders' ' 3 roads' greater than |
equity)/ftotal assets 2 roads’ equal !
2 roads’ between 99 and 71

Income after fixed charges/ 8 roads' negative
tatal assets 1 road’s zero
Retained earnings/total assets 13 roads’ negative

| road's zero

Net income/total assets 4 roads’ negative
4 roads' zero
2 roads’ positive but less than .01}

Net incomefoperating revenue 4 roads’ negative
2 roads’ zero
2 roads’ positive but less than 031

7-19 Pt




TABLE 7-16

NUMBER OF RAILROADS DESIGNATED AS BEING IN FINANCIAL
DIFFICULTY BY ONE OR MORI FINANCIAL INDICATORS

Number of Finuncial Indicators,
N, in Tuble 7-15

Number of Railroads Appearing
under N Indicators in Tuble 7-15
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TABLE 7-17

NET COST OF MUFFLER RETROFIT PROGRAM FOR THE
SEVEN BANKRUPT CALSS I RAILROADS

Length of Annual Cost Tota) Cost
Program
Max Min Max Min
2 Years $10,569,000 $8,393,000 $21,139,000 $16,786,000
5 years 3,197,000 2,326,000 15,984,000 11,631,000
7-20
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{Freight rate increases must be approved by the Interstate Commerce Commission. lnguiries
to the ICC indicate that the Commission places no a priord limits on the magnitude of rate increases
that may be requested, 1t js entirely the railroad industry's prerogative to decide it requests lor rate
increases are to be submitted to cover the costs shown in Table 7-12. Any cost fuctor could lorm #
legitimate basis for inerensing rates to recover costs, Furthermore, the Commission is considering
environmental aspects inits rate determination.  As a result of litigation involving the environmental
effects of various rate struetures, the ICC has prepared several Environmental Impuct Statements
showing their concern,*

In summary, there are strong indications that the rate increases that could be requested by
railroad companies to defray the costs of neise reduction would fall within the practice of the ICC.
No a priori bias would be applivd by 1CC agents, und 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 freipht rate increase in perspective, previous
cost increases and subsequent rate increases may be used for reference, 1n the ICC report served
4 October 1972, in Ex Parte 281, a rate increase lor railroad freight was authorized, The railrouds
claimed in their rate request that expenses had increased $1.312 billion from January 1971 to April
1972, The authorized rate increases were

Nutional Average 34900
Eust 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% or $349 million
will actunlly be realized, ***

Since the rate increase of September 10, 1972, costs have risen by $930 million. About 80%
of this rise has stemmed from wage increases and increased payroll taxes, Inlight of these higher
costs, in April of 1973 the railroads applied for a 5% rate increase. The maximum cost of the 2-
year muffler retrofit progran is about $51 million, which is only 5.5% of the $930 miliion cost
increase that led to the request for o 5% rate increase. The rail industry claims that if the entire
$930 million cost increase is to be recovered, it will require a 7.5% increase in rates.****

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

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

eexAmin, this estimate assumes that the elasticity of demand for rail service is zero,
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The amount o the recoverable costs and the attendant freight rate inerease necessary will
depend on the elasticity of denand for rail freight service.® The annuad (maximum) retrofit costs
for the 2-year program represent abowt 0.4 of 1971 freight revenue, while the S-year (sinimum)
program represents only about 0.1% of freight revenue (see Table 7-13),

Data from Friedlander (1969, p, 73} tor 196] have been used to calenlute an overall rail freight
demand elasticity of -0.7. Using this elasticity, we con estinmite the increase in freight rates neces-
sary to offset the inereased costs, The freight increases are shown in Table 7-18. Also shown in the
percent these incregses would represent of the 1971 average rate per ton mile, which was §.01594,

TABLE 7-18

RATE INCREASE THAT WOULIDD ENABLE RAILROADS
TO RECOVER RETROFIT EXPENSES

Rate Increase Percent of 1971
(Cents per Ton Mile) Average Freight Rate

2-year

max 0232 1.46%

min 0184 115

S-year

max L0076 0.48

min L0057 0.36

These rate increases must be interpreted carefully, They were calculated by using demand
elusticities derived from 1961 data; since then a number of changes have taken place that would
probably increase the elasticity of demand for rail service. First, the near-completion of the inter-
state highway system has improved the service rendered by rrucks and has reduced operating costs,
Second, the rise in interest rates has made the cost of holding inventories higher and might have
made shippers more sensitive to other service charcteristics, causing a downward shift In the de-
mand curve and polentially increasing its clasticity, Third, shifts among the various commodity
classes of freight might have resulled in an increase in the elasticity. For example, if the price elas-
ticity of demand for ruil service is higher for mineral ores than for manufactured products and if
the share of mineral ores has increased relative to manufactured products, then the overall elasticity
would have increased,

*l'lasticity of demand is the ratio of the percent rise in quantity demanded to the percent rise in
price. An clasticity caefficient of -.1, therc{ore, indicates that a 10% price increase would result
in a 195 decrease in demand.
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We have attempted to make some estimates ol the new elusticity, taking into account the shift
in the distribution of commaodities. The results should be interpreted only as tentative, We have
nsed the 1961 elasticities for cach commodity group but have weighted them by the 1971 commaod-
ity distribution.

Data from Friedlander (op. cit., p. 73) have been used to obtain the following elasticities for
the five major commodity groups:

Commodity Flasticity
Agriculture 0.5
Animul products 0.6
Products of forests 0.9
Products ol mines 1.2
Manufacturing and other 0.7

These figures represent the pre-1964 commodity classifications used by the ICC, In order to deter-
mine the current elasticity of demand, we used these commodity group elasticities and weighted
them by the current distribtition of freight within these groups. These weighting factors are as
follows:

Commadity ' Weight
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 categaries.

The overall elasticity was calculated to be -0.953, significantly more than the esti-
mate of -0.7 obtained from Friedlander's data. Even more interesting is the distribution of elastic-
ities by district. To arrive at these estimates, it was necessary to assume that the rate per ton mile
for cach of the 1971 commodity classifications was equal for each of the three districts. Although
this is not the case, we believe the errors to be quite small. The estimated clasticities are:

East =0.99
South ~-(.95
West ~-0.83

These figures indicate that the eastern roads, which are in financial difficulty, would have the most
trouble recovering the cost of a retrofit program. The western roads, which as a group are the most
profitable, would recover the cost of a retrofit program most casily.
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Given the energy crisis, however, even this tentative analysis may not be valid,  As discussed
carlier railroads use less energy per ton mile of freight moved than trucks, pipelings or airlines,
As o restilt, railroads would be impacted less than these other competitive modes by increases in
fuel costs,
1t is not possible to predict accurately at this point, the eiTect of any rte increases the 1CC
might grant to the railroads to recover the costs of a retrofit program. The possible elfects of
increased rates on demands For raif service are dirtetly related to the energy situation. If compe-
titive 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
program might well be insignificant.

The Effect on Quality of Service .
It has been shown above (see Introduction) that, in order 1o accomplish a retrofit program

within a compliance r=03 of 3 years or less, some locamotives would likely have to be withdrawn

from service in addition 10 those undergoing maintenance by the usual schedules. The number of

locomative days taken up in this manner is given in Table 7-19, in absolute numbers and as a per-

centage of locomotive days available. If, under normat conditions, the railtoads 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
Regi
Compliance Locomotive i celon
Period Days Nationat East South West
2-year- Absolute 17,048 9,252 2,143 6,378
! % of Total
Available 194% 225% J197% 174%
S-year Absolute 2,044 1,129 203 712
" % of Total
Available .023% .027% 0187% | .0195% .

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

7-24



i, i e A T 2 1 A e
T P ey, g ok e e v

i

B i it o

In the case of non-price rationing, the railroads could simply allow service fo decline in quality
while maintaining the same rates. The resalting delays and uncertainties in the transportation net-
work would have differential impacts on the various commodities being shipped; those items highly
sensitive to the quality of service will tend to be diverted lo other modes of transportation, Com-
modities in this catepory are high-valued products, for which transportution charges are a small
fraction of total value, and perishables,

Price rationing involves raising the price of service (with the approval of the ICC) in order to
decrease demand to the level of the new, reduced capacity, Such a policy would &ftect commaditivs
sensitive to freight rates; examples of these would be mineral ores and semifinished products. Such
goods would tend to be shippedd by other modes, or the quantity shipped would be reduced.

The probable magnitude of the effect of price rationing can be estimated, Table 7-19 shows
that, in the worst case, capacity would decline by about 2% nationally. Assuming (from p, 7-22)
that the elasticity of demand for rail transportation js about =7 gives a price rise of ,28% necessary
to effect the required reduction in demand. This amounts to an aversge increase of .004 cents per
ton mile relative to the 1971 average freight rate. This increase is fairly small, so minimal changes in
transportation patterns may be expected as @ result of the retrofit program,

SUMMARY AND CONCLUSIONS

Impuct on the Railrond Industry

Cost. The cost of a4 muffler retrofit program is highly sensitive 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 the total cost to approximately 579 million,

Change in net revenyes. The impact of a 2-year program would be to reduce overall Class |
railroad annual net operating revenues by about 2%,

Effect on prices, For the rilroads to recover the expense of a retrofit program would require
an average freight rate increase of approximately ,023 cents per ton mile in the 2year case and
.008 cents per ton mile in the S-year case, These figures represent, respectively, 1.46% and
A48% 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 locometive duys, or about 2% of the total available, for the duration of the program. This
would drop to about ,027% for a S-year program,

Impact on marginal railroads. Approximately a dozen railroads are in financial difficulties, as
indicated by the computed values of a number of standard financia! ratios. These roads may have
difficulty in raising the funds necessary to pay for a retrofit program,

hinpact on bankrupt railroads, Six roads are presently bunkrupt, and may not be able to
finance a retrafit program without an external source of funds. The total program cost for these
rouds would be $2_I million for a 2-ycar program and $ 16 million for a S-year program.
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Impact en Users of Rail Services

Prices. Increases in freight rates would tend to encourage some shippers to seck alternate
modes of transportation, This would occeur primarily among shippers of commodities whose price
is sensitive 1o transportalion cost, such as semifinished products, [t is not likely, however, that the
snnill rate increases foreseen by this study would cause any major hardships or dislocations,

The energy crisis may make any ruilroad rate increases insignilicant compared with compe-
titive modes of transportation, which would be more severely impacted by rising fuel costs,

Quality of service, A decrease in the haulage capacity of the railroads may result in the diver-
sion of some freight to other modes of transport. Which commodities would be affected depends
on how the railroad decided to reduce demand to the fevel of supply. If rates were raised, the
cffect would be the same as discussed in the previous paragraph, If rates remained constant but
shipping delays were allowed to develop, commodities sensitive 10 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,
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ENVIRONMENTAL EFFECTS OF PROPOSED REGULATIONS

INTRODUCTION

The proposed regulations will immediately stop the neise emitted by sailroad trains from in-
creasing and over a 4-year period will progressively reduce the noise presently emitied by raifroad
locomotives. Asa result, the number of people currently subjected to annoying levels of rajiroad

noise will be reduced,

IMPACT RELATED TO ACOUSTICAL ENVIRONMENT
Several studies have been conducted to estimate the reduction jn noise levels, and the number
of people who will potentially benefit as a resull of the noise contro! standards proposed,

Case Studjes of Railroad Lines
Ten cities with widely varying populutions were selected to make detailed comparisons of
train traffic with population densitics near raifroad tracks and with the type of land use adjacent 1o
tracks (see Table B-1). Such compurisons provide a basis for determining how many people are
exposed to railroad noise, how olten they are exposed, ind what activitivs they are engaged in at
the time,
The schedules of trains moving over the railroad lines were determined from The Official Guide
of the Raitways, July 1973, or from employee timetables. Estimates of speed maxima and minima
were taken from employee timetables or obtained from railroad employees, Speeds tor AMTRACK
trains were not obtained. The period between 10:00 pam, and 7:00 a.m. was designated as “night,” i
and the rest of each 24-hour period was designated as “day,” Table 8-2 summarizes the resuits of
the ten cuase studies.

Analysis of Train Nuise Impact
There are three major noise sources that contribute to Ly (sew Enclosure A for definition of
LpN? at points along and away from railroad tracks: locometives, wheelfrail interactien, and horns

or whisties,
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TABLE 8-

LAND USE NEAR RAILROAD LINES

Land Use Within 500 Ft of Trrack
{Percent)
City and State
Industrial & Milenge
Residential Business Other Studied

Newton, Mass. 75 21 4 6
Baston, Mass, 39 9 32 7
Valparaiso, Ind. 43 8 49 9
S8t. Joseph, Mo. 42 13 45 26
Akron, Ghio 40 23 37 25
Somerville, Mass, 30 i8 51 7
Michigan City, Ind. 29 15 56 17
Katamazoo, Mich. 22 ! 5 73 20
Altoonu, Pa. l6 18 65 6
Ft. Lauderdale, Fla, 12 n 66 21
Lewiston, Maine 12 19 6B 11
Denver, Colo, 12 3 85 51
Cheyenne, Wyo. 9 11 79 15
Cambridge, Mass. 8 24 68 9
Macon, Ga. .6 24 20 25

Average 28 14 58 Total 235




TABLE 8-2
TRAIN TRAFFIC AND COMMUNITY CHARACTERISTICS NEAR TYPICAL RAILROAD LINES
NUMBER OF MAXTMUM NUMDEK OF MAXIMUM LANL LSE i NG OF PEOPLE MILEAGE
FREIGHT TRAINS | FREICHT | PASSENGER TRAINS | PASSENGER — ] __| PER SQUARL ML STULIED
CITY & STATE POPULATION | DAY NIGHY | SPEED {mph) | DAY NIGHT | SPEED (mph) | RESIDENTIAL [ HUSINESS [ OTHER | WITHINSO0FT | LANDUSE | FOPULATION
Akton. Otio faums | o2 1§ 5 o 1] st M n (rs] % n
Altsona, Fa. LIREH 7 H §u H 2 W 16 L] 65 R¥ioH o 12
Buiton, Mash 98071 a ] 40 0 1] - 59 9 az 2hbéd) 7 7
Cheyenne, Wy, 24 * 1 1 2 o * 49 " 9 1471 [H ¥
Colunrbus, Ind. 27,141 1 1 10 0 0 ? 1 i 70 i
Deaver, Cule, 1047311 4 10 [ 4 0 1 12 3 NS 1007 51 k7
Dutham, N.C. 100764 | 1t 1 us u u » * * 170 H 51
Michigar Caty, Ind. 39,363 H 2 50 2 9 50 9 15 5t 08 1? 43
Newlon, Mas, 91,066 ? ! H] ] L] 15 21 + 51 f L]
Yatparainn, Ind. 10020 19 1o it [} [i] 41 § 44 1,58 " } "4]
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Figure 8-1 shows sope ]'DN profides that were caleulited by applying the prediction technigues
to actual operations on a specilic railroad line, The profiles shown in Figure 8-1 were caleulated

from the following data supplied by Penn Central:

10:00 p.m. and 7:00 a.m,

O Treight traing

cach 14 loaded cars and 10 empty ears
40 mph

and

7:00 v and 10:00 pan.

36 passenger trains, each

40 mph

Passenger trains with eipht cars correspond Lo the national average pussenger toading of cars (Moody,
1971). The curve for two . =5 s displayed in order to demonstrate the influence of the number of
cars on the resulis.

Since there are no crossings along the branch picked for this study, no whistle noise was con-
silered.  In addition to the usual peometric attenuation, atmospheric absorption and ground surface
attenuation (Beranek, 1971) were included in the caleulation for Figure 8-1 (See enclosure B to
this Section.),

Figure B-2 shows Lpy profiles that were calculated for the average of all the train movements
in the U.S, The profiles were calculated from the following data (Moody, 1971);

4 freight trains by day, 2 by night, each 33 mph, 40 cars 3800 tons

2 passenger trains by day, O by night, each 36 wph, 6 cars

3 freights by day, 2 by night, cach 33 mph, 40 cars, 3800 tons

0 passenger trains

Figurus 8-3 through 8-6 provided examples of the impact on the community of a program to
equip locomotive exhausts with mufflers. Figure 8-3 shows that a muffler that provides 10 dB(A)
of quieting will ncurly hilve the distance to which people are exposed to Ly of 55 or more by
train traffic on the Dorchester Branch of Penn Central (assuming that no other sources of locamo-
tive noise produce levels comparable to exhaust noise levels). Figure 8-4 shows that there is a reduc-
tion of 24,000 people exposed to Lpy of 55 or more by train traffic on the 7.2-mile-long Dorches-
ter Branch, Figure 8-5 is based on national average train traffic and also shows that a muffler that
quicts locomotive exhaust noise by 10 dB(A) will more than halve the distance to which people are

8-4
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exposed to Ly of 35 or more {a: uming that no other sources ol locomotive noise produce levels
comparable to exhaust noise levels), Figure 8-0'shows that there is @ corresponding 5.1 million re-
dugtion in the number of people exposed to Ly of 55 or more based on national average train
traffic.

Population densities used to construct Figures 8-3 ind 8-6 were obtained from the U.S,
Department of Commerce, Bureat of the Census, The census results show 28,098 people living
within 1000 feet of the 7.2 miles of track comptising the Dorchester Branch of Penn Central. The
population density in the (irst 500 feet next to the line was taken to be one-half of the density lor
the entire region, in keeping with nutional trends.

The figures for the number of people exposed to noise from national average train traffic were
based on estimates of 30,000 miles of railroad rights-of-way in urban arcas in the U.S. Urban areus
are defined as the 40 Standard Metropolitan Statistical Areas (SMSAs) having average population
densitites in excess of 500 people per square mile and a total population greater than 250,000, The
40 SMSAs defined ubove 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, as there tends to be a concentration of industrial, commercial, and other non-
residential nctivities in the vicinity of rail lines. Land use and zoning maps indicate that the residen-
tial population density in the vicinity of a railroad line tends to be about 50% of the average density
for the entire region.

IMPACT RELATED TO LAND
These repulations will have no adverse effects relative to land.

IMPACT RELATED TO WATER
These repulations will have no cffect on water quality or supply.

IMPACT RELATED TO AIR

The use of more efficient exhaust muffling systems can cause a change in the back pressure to
the cngine and may result in a change in the exhaust emissions level. The data, at present, are insuf-
ficient to make other than a general statement concerning the directions the various emission levels
take when a different back brcssurc is applied, since the behavior of the various engines and exhaust
emission control systems vary widely, However, internal combustion engine exhaust emissions are
affected by chunges in exhaust system back pressure, as evidenced by the tests of gasoline engines
at the University of Michigan (Boit, Bergin, Verper, 1973), and they must be considered. [t is
importan! to note, however, that motor carrier exhaust emissions are approximately 3.7 times
higher than rail carrier exhaust emissions per ton mile of goods transported (Battelle Laborataries,
1971), indicating that in lhé overall balance rail carriers are already more efficient than motor
carriers, from an exhaust emission standpoint.

8-10 »
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It must also be noted that promulgating stricter rail carrier noise regulations at this time may
inadvertently divert cargo traffic from the ruils toward motor cariers due Lo difficudties in com-
pliance with regulations, thereby ciausing an increase in total exhaust einissions to the armospheee,
as well as increasing noise emissions. Based on the analysis presented, problems such as this ure not
expected to arise as i result of the propased regulations.

ENCLOSURE A:“DAY NIGHT EQUIVALENT NOISE LEVEL™ (Lpyn)

LDN is 1 modified encrgy-equivalent sound level, The energy-equivalent sound level LEEQ in
the level of the continuous sound associated with an smount of energy equal to the sum of the
energies of a collection of discontinuous sonnds, LEQ is defined by

:
_ I L NL/1O
Lgq= 10log —1— 1oNL/10

2 t)
where NL is the instuntaneous overall noise level in dB{A) at timue t, and the time period of interest
is from time t) to time ta, Lpypy is determined precisely like Lgg, exeept that all noise levels NL
measured at night (between 10:00 p.m. and 7:00 a.m.) ure increased by 10 dB(A) before being
entered into the above equation.

ENCLOSURE B: EXCESS ATTENUATION OF RAILRCAD NOISE

Many mechanisms cause attentuation of sound beyond that caused by geometric spreading,
including molecular absorption in the air, precipitation, barriers, ground cover, wind, and temper-
ature and humidity gradients, The attenuation varigs with Jocation, time of day, und season of the
year. To acenunt for the atteniuation produced by these highly variable sources, it is necessury to
compile d. .uiled records of wind, temperature, humidity, precipitation, and even cloud cover on i
stutistical or probubilistic basis. The following discussion is directed at a base case that includes
two sources of excess attenuation thut can be relied upon: atmospheric molecular ubsorption and
attenuation associated with variations in the physica! characteristics of the atmosphere near the
ground, Both attenuations vary with {requency. The attenuation factors were evaluated for
reference conditions of 50°F and 507, relative humidity,

Figure 8-7 shows how atmosplheric moleculur absarption and variations of atmospheric char-
acteristics near the ground change the shape of the locomotive noise spectrum, The high frequen-
cies become less important as the sound travels outward from the source. The attenuation of the
overall sound level (Jogarithmically summed octave-band sound Ievr:l's'-)":vns found to be about 2dB
per thousund ft out to 4000 ft. That value was used to caleulate the propugution of locomotive
noise described in this report, The value for the effective overall attenuation coefficient for loco-
motive noise is about the same for throttle position 8 and throttle position 1.

Figure 8-8 shows how the f) fcrmcncy-dcpcndcntlimunuarions change the shape of the spectrum
of wheel/ ruil noise, Notice that here, too, the high fmequencies become less impartant as the soune
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travels outward from the source. The attenuation of the overall sound level (logarithunicully
summed octave-band sound levels) was about 3 dB per thousand It out to 3000 ft. That value
was used to calculate the propagation of locomotive noise described in this Background Document,

T A e S

i S i L

815

L i i 4 Lt s ke s

1

i

i

i

{

!

.

i

i

.

i

P

;

:

- -

ed H

- EHl

!

il - i
p -

Ve it e b K 1.8 2 ks Ll e s s m i Y



SECTION 9

SELECTION OF THE PROPOSED REGULATIONS

PROBLEM ADDRESSED AND APPROACH

Problem Addressed

The problem addressed in the proposed noise emission regulations is the development of noise
emission regulations that will control railroad noise and Federally preempt conflicting State and
local noise emission regulations, taking inta consideration that (1) State and iocal governments have
the primary responsibility to protect the environment from noise and (2) Federal special local
conditions authorizations may be authorized in the case of use or operational regulations if the
State and local regulation in question is not in conflict with the neise emission regulations estab-
lished under Section 17,

Approzch

In order to develop these noise emission regulations, the following approach, based on the
statutory requirements ol the Noise Control Act of 1972, was utilized:

1. Determination of the sources of railroad noise to be Federally regulated
Determination of the best availible technology to achieve noise reduction
Determination of the cost of compliance to the railroad industry with possible noise
emission regulations '

4, Determination of the environmental and econostic impact of possible noise emission
regulations
5. Selection of the appropriate nojse emission standards,

SJJ 2

REGULATORY APPROACHES CONSIDERED

“Status Quo” Regulations Alternative

Status quo regulations for both locomotives and rilroad car nojse could be proposed that
would preempt State and local regulations, These status quo regulations would not reduce poise
but rather limit it to present levels and would have ne financial impact on the railroads beyond
standard mainienance already required, The function of status quo regulations is, therefore, one
in which the intent of the Federal government to revise the stalus quo regulations is an implicit
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statement thiat such I'uture revision will result in reduction in noise levels with prabable concurrent
finaneial impact on the railroad industry. Thus, a status quo regulution placed on certuin equip-
ment and facilities would establish the direction and istent of Federal repatlation on those sources
ire the future, The rationale for the issuance of status quo regtlations would be that the linancial
impact of more stringent regulitions il riuis time wonthl he anreasonably high relitive 1o the noise
reduction achies od, Also, if noise abatement wechnology were not avatlable, status quo regulations
could be established to place a ceiling on noise emissions and allow time for further technology

development,

Future Noise Standards Regulations Alternative

The data gathered by EPA indicate that it is feasible to reduce ruilroad noise with presently
available technology at a reasonalile cost. However, the shortest Teasible time to apply this tech-
nology on a retrofit basis at » reasonable cost is 4 years, Thus, a regulation requiring the applica-
tion of this technology could fw promulgated with an effective date 4 yeurs in the future.

Section 17 pravides for Federal preemption of State and local regulations upon the effective
date of the Federal standards, Theretore, duting the 4-year period required for the application of
technology, State and local regulations could be established and enforeed,

Noise Reduction in Combination with Status Quo Regulations Alternative

As pointed out in the previous alternative, il 4 regulation were promulgated with an cffective
date some time in the future, State und local regulations would not be preempted until this date,
However, it is not feasible for a noise reduction regulation on trains to be effective in less than 4
yeurs when based on available technology and cost. It, therefore, would appear unreasonable to
expect quieting of trains during this period, Howevet, it js not unreasonable to e¢xpect that equip-
ment be maintained pré'per!y to eliminate unnecessary noise, To accomplish this, a status quo
regulation based on propet maintenance practice could be made effective earlier, This would not
have substantial economic impact, nor would it produce significant noise reduction. It would, how-
ever, ensure that nojse will not increase during the period prior to the instullation of noise abate-
ment equipment, Further, it would preclude the State and local governments from establishing
what might be unreasonable equipment standards during this interitn period.

REGULATORY APPROACH SELECTED BY EPA
The Environmental Protection Agency has chosen to adopt the Jast alternative discussed, It
is believed that this approach is the most environmentally sound alterative and one that fulfiils

the requirements of Section 17,
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DISCUSSION OF PROPOSED REGULATIONS

The proposed noise emission regulations will establish standards for noise emissions fram
locomotives and railroad cars engaged in interstate commerce by railroad. The proposed standards
specily sound levels measured at a distance of 30 meters (100 feet) from the centerline of the ruil-
road track., Measurements will be made in decibels on the A-weighted scale, using the fast meter
response, The general measurement procedure used to obtain the daty upon which the standards
are based is presented in more detail in Section 6.

All locomotives to which the proposed regulation is appHeable are to mect the following noise
emission standards for the locomotive at rest and in molion:

Locomaotive at Rest

Effective 270 duys after promulgation of the regulations, under stationary test, 93 dB{A) al
any throttle setting and 73 dB(A) at idle, when measured over any surface.

Effective 4 years after promulgation of the regulations 87 dB(A) at any throttle setting and
67 dB(A) at fdle, when measured over any surface,

Locomotive in Motion

Effective 270 days after the promulgation of the regulations, 96 dB(A) at any operating condi-
tion, when measured over any surface,

Effective 4 years after the promulgation of these regulations, 90 dB(A), at any operating condi-
tion, when measured over any surface.

Rail Car

Effective 270 days alter promulgation of these regulations, all vailroad cars or combination of
railroad cars operated by surface carriers engaged in interstate commerce by railroad are to meet a
noise emission standard of 88 dB{A) at speeds up to and including 72 km/hr (45 mph) and 93 dB(A)
at speeds greater than 72 km/hr (45 mph) when measured over any surfiace.

Based upon the strict language of the Noise Control Act of 1972, its legislutive history, and
other relevant data, “best available technology” and **cost of compliance” lave been defined as
follows:

“Best available technology™ is that noise abatement technology available for application to
equipment and facilitics of surface carriers engaged in interstate commerce by railroad which pro-
duces meaningful reduction in the noise produced by such equipment and facilities. “Available™ is
further defined to include:

1. Technology which has been demonstrated and is currently known to be feasible

2. Technology for which there will be a production capacity 1o produce the estimated number
of parts required in reasonable time to allow for distribution and installation prior to the effective
date of the regulation,

3, Technology that Is compatible with all safety regulations and takes into sccount operational
considerations, including maintenance, and other pollution control equipment.

9-3
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"Cost of compliamue™ is the cost of identifying what action musl be taken 1o meet the specified
noise emission level, the cost of taking that action, and any additional cost ol operation and maini-
ernee caused by that action.

Currently existing technology known fo reduce locomotive noise consists of Gid fan moditica-
ton, (B engine casing modification, and () muftler retrofit, Applications of fan modification and

s easing modifscation were ot inchided in estabiisling the noise entission levels in the pro-
posad regulations becan-. of lack of equipment availability, prohibitive and limited cost duta, and
low relative effectivencess in noise reduction, Muffler retrofit to the locomotive engine exlunst
system was determined to be the only method that meers the criteria established abave Tor *'best™
available tecunology.”

Currently existing technology known 10 reduce raitroad car noise consists of (a) replacement
of the bolted rail with the welded rail, (by structural maintenanee 1o railroad car bedies, and
(c) elimination of tlut spots on wheels, The propesed neise emission regulation did not include
replacement of the bolted rail with the welded rail and structural maintenance to railroad car
bodies because of prohibitive cost and lack of data. Elimination of lat spots on wheels and frregu-
larities on rails can be achieved through eficctive normal maintenance, without added cost for
compliance,

Conclusion, The only standards that can be adequately based on “best available technology”
and *‘cost of compliance” at this time ure (1) the muffler retrofil to controf Jocomotive exhaust
and (2) effective railroad car maintenance, The proposed regulations, therefore, require locomotives
to eventually meet a noise emission standard that results in significant reduction in noise which can
be achieved through the installation of exliaust mufflers, The proposed railroad car noise emission
standard is designed {o ensure that railroad cars will be properly maintained so that train noise
levels will be as low as the available technology permits,
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Raiirond Contacts

Personnel in the operations departments of the following riilroads were contacted in the
cuurse of this study.

AMTRAK

Atchison, Topeka, and Santa Fe

Baltimore and Qhio

Boston and Maine

Burlington Nerthern

Chesapeake and Ohio

Chicago, Milwaukee, St Paul, and Pacific

Chicago and North Western

Chicago, Rock Islund, and Pacific

Denver and Rio Grande Western

Durham and Southern

Gulif, Mobile, and Ohio

1linoise Central Gulf

Louisville & Nashville

Norfelk Southern

Norfolk and Western

Penn Central

Unien Pacific

Yard superintendents, yard masters, or engineering department personnel with the following
railroad companies were contacted in the course of this study,

Chicago, Milwaukee, St. Paul, and Pacific Railroad Yards,

Bensenville, Ilinoise

Chesapeake & Ohio/Baltimore & Ohio Railroad Yard,
Walbridge, Chio

Nlinois, Central and Gulf Railroad Yard
Markham, Illinois and Centreville, lllinois

Norfolk & Western Railroad Yard,
Bluefield, West Virginia

Penn Central Railroad Yard,
Elkhurt, Indiana

Boston and Maine Ruilroad Yard,
Mechanicville, New York
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Southern Pacilic Kailvoad Yard,
Ruseville, Calitornia

Union Pacific Railroad Yard,
Cheyenne, Wyoming

Burlington Northera Railroad
Chicago, [Hhnois and St. Paul, Minnesotu

Miscellane ous contacts in the railroad, or related, industry

Association of American Railroads, Research and Test Department
Washington, D.C.

General Electric Compan--

Erie, Pennsyivinia

General Electric Company Sales
Chicago, 1Hinois

General Motors/EMD
Lagrange, Ilinois
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APPENDIX A

MAJOR TYPES OF DIESEL-ELECTRIC LOCOMOTIVES
IN CURRENT U.8, SERVICE (1 JANUARY 1973)
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Turbo- | Muffler | Number Number In Servic
Manufacturer Type Model H.P, |[echaryed Type Sold Years Class I} Class I
Rt Sulteher e 1000 No A 1113 3345 \
° 93,5 1090 He A 20 | 30~u7 J' 721 23T
sil 600 | o A 660 | 33~36| )
Sua 860 o A 308 30-34
SW600 600 No A 15 Su~h2{ ( odal o7
1500 990 Ho A 260 | 38651 |
SW7 1200 Ho i 493 49-51 | |
S 1200 ¥o A 736 5i~33{ ¢ 271 this
SW1200 1200 Ha A 737 55-66 |
S11000 1600 No A 188% | 66~ 12357 -
1500 1500 ilo a | sue" | se- guet -
General Purpose | GP/SD 7/78 | 1500 No 3 2803 49-=4 2z33 i3z
Speclal Duty Gr/s8D 2/9C 1780 e 3 kote 2hmEG =5l o
Road Switcher GP/3D 18,28 1800 Mo 8 425 56=65 407 3
Gr 20 2000 Yes c 335 59-62 303 T
SD 2k/24B 2400 Yes ¢ 224 58-63 262 :
GP 30/30B 2250 Yes c 45 61-63 Ve -
GP/3D/35 2r0N Yes c 1645 6366 Lihz 3
GE/SD 38 2000 No B 11037 | 66~ tnos” 3




Muff]er[7Number

ﬁQuba{.In Ser

Turbo-
nanufacturer Type Hodel H.P. |charged Tupea Sald Year, Class T ] Clas
Jangral loter Fozd Switcher Gp 39 2300 Yes C a7 Li=7 o :
»EieeTro-siotive GP/SD 40 3000 | Yes c 2227% | cé- zera?
Zivisicn) Y - "
3D 45 3600 Yes C 1362 05— PR -
DD 35A/35B 5000 Yes 2¢ 45 CRE =% -
DDA HOX 6600 Yes z2C 47 el 7 -—
Streamlined FTA/FTB 1350 No e r] i 4 39-45 13 _
Cab/Booster F2A/F2B 1350 No 3] T3 hé
. i ?rgiggg:iger P3A/F3B 1500 No B 1801 | k5-t3 Lo -
z »TA/FTB 1500 No B 3982 4363 1207 -
_ T9A/F9B 1750 No B 235 ':—?3_* 237 :::EE
Pas;;nger Only ETA/T7RB 2000 No - 510 A=d3 3 .-
(Twin Engines) ESA/EEB 2250 Ho - 457 4a—53 225 -
EOA/ESB 2h00 Ho ~ 144 S54-43 22 -
Jensral Switcher 44 ton 4oe No - 334 4055
‘Electric 70 ton 90- | Yes _ 193 | 4633 18 2
95 ton 2en | ves - 46 | 4956
Foad Switcher U25B/C 2500 Yes D 591 C0-45 =24 -
- ' U28B/C 2800 | ves D 219 | 56 212 -
\ | U23B/C 2250 | Yes D 212% | cs- 212% -

-
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Turbo- | Muffler | Number Number In Servi
l-lanuffa“g:turer Type _ Hode] _ H.P. |[charged Type Sg]d Years Class I [Class
Jeneral Road Switcher | U30B/C 3000 | Yes D yrot | 65— w73" -
Zlectris U338/C 3300 | Yes D 597 | 67— 4577 -
U36B/C 3600 | ves p 157 | &3 2577 --
Us0B/C 5000 Yes |- 2D Eo 63-70 gf -
ileo Switeher S51/3 660 No - 553 40=53 52 3z
s6 900 Yes E 160 55-60 }
76 1000 Yos E 55 56-65
s2/4 1000 Yes E 2012 4o—51 €31 233
. ' 20ad Switcher RS1/RSDL 1000 Yes B 457 L1-60
RS2 1500 Yes E 500 £5—50 74 3
RS2/3 1600 Yes 2 1312 80-56 5€4 32
RSDU/5 1600 Yes £ 203 51-56
RS11/12/36 ! 1800 Yes D 436 56-£3 343 i
ciis 1500 Yes D 26 6653 28 -
S 2000 | Yes D 164 | 61-4% 121 :
. _BSD7/15 2400 Yes D 102 54-6G 119 -
B 2400 | Yes b 80 | 59-67 --
c-425 2500 Yes D 91 6466 33 —
N ' . c-624 2750 | Yes D 135 | 63-68 31 --
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{
Muffler | Humber

N Tymber In Ser

Nanufacturer Type Model H.P cﬁﬁigié Type Sold Class T | Clas
Alzz Soad Switcher C-430/630 3000 Yes D 93 34 -
c-636 3600 Yes D U 31 -
3trearmlined FA/FB1 1500 Yas - 581 - -
Ceh/Eooster FA/FB/2 1600 Yes - 121 J 5 - --
PA/PB1 2000 Yes - 210 : - -
PA/PBL/2/3 2250 Yes - - nY - -
Sae_dwin Suitcher 5-8 200 He o 32 e 1
~=¥a fanilien DS-4-4-10 | 2000  7es 433 138 i
> 5-12 1200 Yes bia ! 292 k-
. Foad Switcher R§-12 1200 Yes 40 |
DRS-1-1b
RS-116 1600 Yes Ly if 2z
Streamlined RF16/16B 1600 Yes 160
Fair'::anks Suitcher Hio-44 1000 No 127 52 £
warse - H17-44 1200 No | 306 LA H
[ Road Switcher H16-44/66 1500 No 334 105 -
| H24-66 2400 Ho 135 31 --
‘Whitcomb Switcher 600 -— :
?iymoutﬁ Switcher 300 1 3
Cooper Beésemef Switcher 1200
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Manufacturer Type Model H.P charged Type Sold Years Ciass [ {Ctass
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APPENDIX B

REVIEW OF THE USE OF AUDIBLE

TRAIN MOUNTED WARNING DEVICES

AT PROTECTED RAILROAD HIGHWAY
CROSSINGS
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REVIEW OF THE USE OF AUDIBLE TRAIN MOUNTED
WARNING DEVICES AT PROTECTED RAILROAD -

HIGHWAY CROSSINGS

B.l 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
a8 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

(1} Unilluminated stop-leook-listen sign or
"eross buck" at the crossing generally accompanied by
striping and words painted on the road surface and passive

prewarning signs in advance of the crossing.

B-1
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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)

thic group of systems may employ combinations of the
zigns,lights, markings, ete. from (a) above, but is distin-
duished by the addition of:

(1) Flashing lights generally plus hells, which
atre actuated upon the approach of the trains(s) by virtue
of diltomatic electrical signals attached to che tracks.
These Bystems are arranged to be fail-safe, in that most
iriternal failures cause the signal to indicate the approach
of & train.

{2) Traffic lights may he used in some places,
in lieq of the characteristic flashing crossing lights,
but alamo conveying the intelligence that‘a train({s) is in
fact in the vicinity.

(3) wWatchmen, stationed at the crossing, or
Liainmen walking with their train, will "flag" motorists
or may activate lights or other devices.

‘dj ﬁrotected With Gates

tH addition to active signals and advance warnings

- 4d 1k {b) physical barriers are automatically dropped in

the ﬁoéorists' path upon the approach of the train(s),
often with lights attached thereto. .
B~2 ‘
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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 realization 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 protecticn against
motorists proceeding as soon as one train has passed, when
there may be cne 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 ig about $1,000 each, not including the cost
of roadway and track work.

Complete grade separations may cost hundreds of
ﬁhousands of dollars, or even millions, and while many
are being constructed, the number is not statistically f
significant within the context of the overall problem. :
(When separationsg are installed, it is usually possible
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
partirular loecation .s deteormined by the hazard invelved
which is effected by the amount of reoad traffic, the
nuohar ar i reed ot trains passing and topography. This
may be determined by the judgement of local officials, .
the vailroad managenents, or both and is often establishe
simply by a past record of accidents at a crossing in
guestion. The investment in crossing eguipment may be
the responsibii.  of the railroad, the State or local .
government, the Federal government or any combination
theveof. This guestion has been the subject of much
controvergy 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 sSystems every
year. Automatlic 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 éonfined to the inspection

of such devices on locomotives, to the end that - if

present - they shall be suitably located and in good .
working order (Safety Appliance Act, 45 USCA; 49 Code of 3
Fed. Regulation 121, 234, 236, 428, 429). The Federal
.government has shunned graater regulatory responaipility
in this field in the past. There is a very significant

-
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Federal resecarch and promotional effort underway to
improve grade corssing safety, however.
The State laws requiring train-born 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 Cecde 1 (N. Y.)
None or no information 5

48
.. Reguirement at private crossing: - if view is
ohstructed ceee 1

.. Signals to consist of:

Whistle or hell 24
Whistle and bell 7
Whistle 6
Bell only 2 (Fla. & R,I.) ()

{a) Florida restriction to bells applies in incorparated
areas and is accompanied by a speed restriction of 12 mph.

B-5



.. Distance at which signal is to be sounded:
Beginning at a minimum of distance {35 States
varying froﬁ 660 feet in Michigan to 1500
feet in South Carclina, 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, Chio 1,650, and Virginia
1,800 “-ot.
T¢ 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 excepticns in a later section of

this report.)

B-6
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Railroad ovperating 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

adyice 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-
sé&uent 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
Al, 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
uﬁon the oparators of railreads to employ such devices.
Numerous Jjudgments have been made against railroads in
céurt 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 he a contributing factor

in crossing accidents. More will be said on this topic

¥
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in a later section,

In addition to reguirements for warning travellers
at level crossings, the State of New Jersey Public Utilities
Commission has ordered that passenger carrying railroads
operating in fthat State sound a horn or whistle prior to
stopping at or passing through a passenger station on
a Lrack 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 epngineer 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 ir 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 croasing
accidents, resulting in 1,260 deaths. These totals have
been decreasing slowly since 1966, In 67% of these accidents
the traln struck a motor vehicle, in 2B% a motor vehicle

struck trains and in 5% trains struck pedestrians or there

NOTE: Figures in this sectilon are taken from references
(4) and (5). Accident figures sometimes differ
between references due to the $750 cost baseline
for reporting accidents to the Federal Railroad
Administration. Crosgsing figures may differ due
to the inc¢lusion or exclusion of private crossings.

B-8

e e et bt o e e et S etk 8 b i 12 e e e et s o _

o



FeR

T LAY 5 et ey bt 31

-

g

were no trains involved. 39% of the collisions occurred
at crossings provided with gates, watchman, audible and/or
visible signals, while Gl% were at crossings having signs
which did not indicate the approach of trains (Category l}.

632 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 traffie).

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 cccurring
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 alterness

is a more sigrificant factor in these cases.
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TABLE 1. SUMMARY DOF PUBLIC CROSSING TYPES,

LOCATTIONE AND ACCIDENTS (1970)

URBAN RURAL TOTAL
GATES (category 3} 5970 2970 8940
SIGNALS (cateqory 2) 18050 14620 32670
OTHER OR MANNED _4240 _2680 6920
TOTAL ACTIVE 28260 20270 48530
(ACCIDENTS) (3624) (1533) (5157}
PASSIVE (category 1) 50860 12385 17471
{ACCIDENTS) (3827) [3428) (7255)
GRAND TOTAL 79120 144120 223240
{(ACCIDENTS) (7451) {4961) (12412)

There were 70 fatalities in 1972 at gates, and
440 total at all active crossings, somewhat less than one
per 100 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,

B~10
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It could also be argued that the accidents which
occurred in spite of Lhe 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 920/10 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 ogcur 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.
NCTE: 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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8.3 The Impact and Effccliveness of Locomotive Horns

Acoustical Characteristics and No s Impact

The audibility of air horns, the predominant warning
devices which are the subject of attention herein, has
been investigated (1) as part of a DOT program to make
crossing warning systems more effective. It was found
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. Obhviously,
since the whole purpese 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. 1In order to increase motorist

impact to a degree 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 100 feet. (The

A and C weighted loudness of the common air horns are

almoat identical:; no distinction is made in the literature).
Loudnees at 90° from the direction of movement is

5 to 10 dB less than straight ahead and it is possible

B~12
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that this pattern could be improved somewhat, but the loud-
ness should be substantially maintained to at least 309
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 gsirens. Fire, police and rescue units have
a parallel problem. With motor vehicle 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
feagibility 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 weould have

¢ a reasonable stopping distance to the point and instant

of train passage at a crossing. Table 2 lists the reguired

noise levels at vehicles travelling at various speeds
{exterior background noise asgumed 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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‘ FIGURE 1
— .
TABLE 2
VEHICLE SPEED 48 OUTSIDE VEHICLE FOR % FOR DRIVERS TO NOTICE
50% 98%
» 35 mph 83 101
36 - 50 mph 87 105
51 - 65 mph 9l 109
(SOURCE: REF 1) STANDARD DEVIATION - 6dB

PN i
. - Nk

- 4




e e gt e TR B 1 T e TR

T

situation today. To alert 983 of the drivers at (B)

it would be necessary to increase the sound levels by
about 30 dB, resulting in a level at 100 feet abreast of
the locomotive of about 130 dB.

Figure 2(a) illustrates the noise pattern which
characterizes most horns in use today, and Figure 2(b)
deﬁicts the areas lying within an envelope in which the
noise from a horn being blown for a crossing will equal
or exceed 77 4B for some period with each train passage.
The 77 4B figure is chosen rather arbitrarily, largely
because it corresponds to a 1,000 foot boundary adjacent
to the track, which is compatible with the modest data
available on residential population alongside railroads.
It is alsg a reasonable number as regards nuisance levels
of intermittent noise intrusion, being used herein
merely for the purpose of approximating the scope of the
impact of warning device noise.

Some 202 miles of railroad route in 12 areas of 10
cities of varying overall gize, selected randomly, have
heen reviewed. The population within 1,000 feet of the
railroads in this examination average 2,410. Therefore,
in urban areas, about 600 persons are usually exposed to
77 dB from an instant up to 10 or 15 seconds each time a

train passes a level crossing.

B~l5
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LOCOMOTIVE HORNS - AVERAGE NOISE PROPAGATION UNDER

IDEAL COMNDITIONS
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Table 3

% of Population

1. Unprotected 33.0 millian 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 grade crossing., In
fact, the noise patterns are prohably much less severe
than shown here, due to topographical features, and many
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 reatriction was confined to crossing
with gates, 8% of the exposures would be avoided. These
abatement measures would be noticeable to about 3% or 1%

of the population, respectively, allowing for attenuation

B-17

T T TR P A L




A

iovally and background noise and the fact that many

croseings are already oocoued by such rules,

Eosivalng that tho use of signals and gates corresponds
to the highe © hazard levels or volume classes as depicted

by the Depar:m-nt of Transportation, the number of daily

trausn and vehiele pagsages at the erossings in question

has been estimated as chown 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 gounds 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 crosaings 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

eguivalent energy would be 49,7 dB8.
People reaiding within hearing of grade crossings

are generally conditioned to the sound, which tonewise

B-18
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igs 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 railrocads and are near
road crossings. Belng otherwise unaccustomed to the sound,

it is quite noticeable, particularly at night.

Warning 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, ceven under ideal
conditions. and the alerting capabhility - even if the
horn is noticeable - is still less, It is impossible to
determine how many accidents have been prevented by the
routine scounding of horns, although it is apparent from
the experience of train drivers that many accidents have .
been averted by the ad hoc s;unding of horng, 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 unlikety
that either routine or ad hoc 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 gedestrians 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 ;

Belg . ‘ ;
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to divert people from continued cfforts to move their
vehicle and to depart forthwith on foot. But in the latter
case, sounding on a routine hasis is probably not necessary.
Attached hereto as Enclosures C, D, and E are (abridged)
reporis on three rather typical grade crossing accidents
wher~in the accldents 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 acclident which is all too common.

B.4 Prohibition against the use of audible davices

It is already qulte common for the routine sounding
of horns or whistles to be prohibited, except in emergencies.
It is also common for these prohibitions not to be enforced.
A careful search for cases where such prohibitions appeared
to, or were claimed to contribute to an accident has not
yvielded evidence of a single such situation.

Among the localities which restrict the use of horns

are those listed in Table 5.

B-20
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Table 5. Some Localities with Restrictions

Notes
The State of Florida {2)
The State of Illinois (1)
. The State of Massachusetts
Chicago, Illinois {1y (2) (3)
’ Houston, Texas (1) (2)
. Minneapolis, Minnescta
Buffalo, New York {1y (2)
' Philadeiphia, Pennsylvania
Knoxville, Tennessee (1) (2)
j Durham, North Carolina (2}
Mason City, Iowa {3}
Warren Pennsylvania
‘ Elkhart, Indiana
? Toledo, Ohio
Columbus, Ohio
% Akron, Ohio
; Lynchburg, Virginia (Ly (2}
; ‘ San Bernadino, California {n
f ¢ South Holland, Illinois
? Elmhurst, Illinois
é ’ Lockport, N.Y.
i Rochester, N.Y,
E (1) Contacted local authorities in course of this study.
i (2} Specific Information contained inEnclosure I,
§
i {3) Not enforcad. B-21
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The 15 states where requirements to use horns are

exceptad, hut not necessarily prohibited, in incorporated

Treas are:
Table 6.
Californra® New Jersey '
Tlorida New York# .
Iowa* Nevada*
Kansas Utah
Kentucky¥* Virginia*
Michigan* Washington
; Minnesota Wisconsin

{(*also have local-option provision)
i In 4 additional states there 1s a local option provision,

[ : allowing ecities and towns to relieve requirements:

Pl 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: requiremen?s do not apply when crossing
is protected by automatic signals (with or without

gates). . [

B=-22
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Cne of the most comprehensive Noise Contrel 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 208, Exceptions, states: "Rules 202 through 207
inclusive shall not apply to sound emitted from emergency
warning devices and unregulated safety relief valwves.,"

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"...

etae,
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 guestion at hand.

In addition, 5 cases were cited by a cooperating
railroad as illustrative of the railroad liability guestion.
Cne of these was found to be inapplicable to the question
at hand, three were decided in favor of the railroad. In
the other, a jury found for the plaintiff, although a

B-23
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whistle had in fact been sounded. ©Of these, 21 appeared to
be somewhat related and the case records were reviewed.
NMothing 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
compensurate with the specifics 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 be cautious
at crossaings, to the extent even of stopping or look
"and listen”. ‘

.. Contributory negligence on the part of a motorist
is generally taken inteo account.

The fact remains, however, that courts, especially

juries, have extracted severe payments from railroads,

B-24
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seeming usuvally to give plaintiffs the benefit of all doubt.
FPor 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). Alsco, the employees charged with operating trains
are usually subject to prosecution under criminal law if
negligence and/or viclation of a statute might be involved,
and are thus inclined to err in the direction of sounding
their warning devices, not to mention their sincare 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

fine for vioclation 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
commented upon in the course of interstate rail carrier
regulatory development by this Agency's Office of Noise
Abatement and Control, is that of railread train horns

which are sounded routinely at grade crossings. It has
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teen suggested that such sounding bo prohibited in cases
where automatic, active protection is in operation at
the crossing itself, particularly where this protection
includes gates.

However, 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.

B-26
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ENCLOSURE A

Public Utilities Coue Annotated of the
State of Californio

AdetC‘d ul Y 31 lg_}l‘ ’ ., .‘,‘ ) ..“ ' . H ] ‘."
Yage T34 Coe _
st ARTICLE 8 - o070 s
P Jreeten UCRIMES L il b
! Collateral heferences ';: . :' . j L

- .,’_.

§ 7678, Omisszon to sound bell or uhlstle chrv 0eraoq in chasso

@ locemotive-angine who, befeore crossing any traove led public way, ity
to cause a bell to ring or steom whistle, air sirea, or air whistle {ao
sound at the dlstdnce of at ied t 80 rods from the cros s;ng, nd up o
it, is 0uix.y of a qudcmeano - Coy ety e
. gl : R LT
‘ Lenlelatlve Hi stor;
“azete. 1951, pd on former Pen C39350, as amended by Stats :94%
oh 3uL ¥ l p 733, u;thout substantial change. DT e e
e T N

uolluueral neferencea
Ll Jur 22 Rr....l Gud 0&4

ticKinney's Cal Dig Bailrocds 871, - ¥ . o
A Jur Hailroads § S 357 et seq. b B
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PUBLIC UTILITIES CODE, STATE OF CALLFORNIA
{Abridged)

7604, A bell, of at least 20 pounds weight, shall be placed on
each locomotive englne, and shall be rung at a dlstance of at
least 80 rods from the place where the rallroad crosses any
street, road or highway, and be kKept ringing until it has
crossed the street, road, or highway; or a steam whistle, air
siren, or an alr whistle shall be atftached, and be scunded

except in cities, at the llke dlstance; ete.

B-29
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ENCLOSURE B

THE WFST VIRGINIA CODE
(Abridged)

ratlioad tracks,

§ 41-2..9, Warning of appronch of tmin at crossings; crossing

A bell or steam whistle shull 52 placed on each Focomotive engine, which
sh e rung or whistled by the angincer or fireman, at o distance of at
“jeast sixty rods fror the place where the rallroad erosses any public stycet
“or highwny, and be kept ringing or whistling for a time sufiicient to give
due notice of the approach of such train befere such street or highway i3
“Teached, ani any failure so to do is'a_misdemeanor punishabie by a fine of
not excending one hanred dollars; and the corporation owning or operat-

———— e

1. Scopw of Stutute as to Warnings,
A. Generni Consideration.
B. Does Not Apply to Trespassers.
C. Dees Not Apply to Employees.

ity oany party infuved {or 21 damay

Aues S
e ety e

i © pet c————— e

1. Fallare to Give Warnlngs as Negligenss: Contributory Negligence.

I Evidenca,

1. SCOPE OF STATUTE AS TO
WARNINGS.

. A Genenal Consideration.

Michie’s Jurfaprudence.~For fuli treat-
ment of pceidents at cropsings, sec 16
ALJ., Rastronds, §§ Cu-201, As to duty to
Rive sig=a) by ball or whistle, xee 15 T,
Haitronds, §§ B1.83.

ALRt references. — Ruflrand company's
negligance in respect to maintnining flag-
ﬁ'& al crossing, 16 ALR 1273; 71 ALR

Duty ©f rallroad comprny to malntain

tagman at croming, 24 ALR2d 116i.
Admissibitity of evidenca of train apeed

Prier to grade.coossing fecldent, and eom-

’ ¢ ord o winois o baasify thevets, B3

H

. conmasdan Tregdirgnent  as oo
iRrais i fully 2y exacting zs the sta-
::r,v duu—: What the notlca and warning to
e publly sholl be depends, under the
SEmen law, uwpon the circumstances of
ol enaey bub somne ndegunty methods of

sing travelers of the cros

r| and v, Monongahels &
eat Pann Puh, Serv. Co, 106 W, Vn. 528,
147 S.B. 478 (1028), '

Nath bell nnd whistle are not required
without statute, — There iz no absoluts
requirement upon & railrend cotapany to
blow a2 “whistle and ricg o bell at a
crosslng unleas mnde so by ststute,
Niland v, Monongahels & West Pean Pub.
Serv. Co,, 108 V. Va, 323, 147 S.E. 478
(10248},

The methods of apprising travelers of
a crosslpg almost universally adopted
are by the ringing of o bell or the
sourding of n whistle, but in order
make beth abligatory, the uee of bath

ti e, Whnet w

Pabs S.rv,
) 238 (1003),
_&;g‘_isinn;__:gl’_suﬂmx_.nr ninlmem re-
_QINTUNGi L ke provislons 6f tMS sve-
tion a3 to warning siznals ave of Wiomd

application snd -ate minimum’ reqsires
ments, und in every case the complignes

B30
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with thia stutnre

» plus the presence of arf

effeiently aporatipe eratsing-bell 531 ot
(apart from the auastion of contiitorzopy

nenlicence of the plaintify ecunyt:
franclid defenze o the railroad,

an
er nil

Celvgumstances, Baltimare & opn. v.

Deneen, 161 gy B34 (ith Cir, HEHON

Tra\'clr;i_!za_\'gﬁz_h_q Tight to accume

thal iTaing will pive the nsieil Y5l ae

Lrossings, Morrfs v, Baltimore & [ENTIT

107, Va. 87, 147 S.E. 5ig (1830;,

But rallrond enly owes duty to siznal
a8 required hy statnte—~The drfver of an
Mtomobile on g puldic €rossing i pn
invitee, and thy raitway fonpany is hound

with the autoniobile, and owes only the
duty to glve the signals provided by stut-
ute. Chesapenke & O, By, v, Hartweil, 142
W. Va, 318, 95 S.E2d qu2 {1936},

A~ this gection iy intended to protect
. Lhwave—1ke duly impese
K el ar whistie when

‘M oamoany te zive such
: noatthe e, ey

- ik

TNt T persans g of
Powie ke railrond tracks ns parts
Pl vy, Jones v Virginlan

I FAILURE TO GIVE WARNINGS
AS NEGLIGENCE; CONTRIBU-
TORY NEGLIGENCE.
Yiolation of sectlon is negligence,~Ths
failure to glve protir signals of the
approach of n tralh ta & vailvond crussing
as requlred by thls section would consti-

& tute neglijrence on the part of n defendant
<1 railroed, Cavendlsh v. Chesapeake &
{

0. By, 05 W, Vi 400, 121 S.E. 43
(1924,

it does not impose lability unless it
prosimately cnuses injury~Liability for
injury to baby of 13 months could not ke
based an fallure to give signals since the
failure was not the proximate ecausp of

" the Injury, Virginian Ry. v, Armentrout,
158 F.2d 358 (dth Cir, 1946),

Fnilure te ring the bell or blew the
whistle at erossings, though renuired by
law, will not render the company liably,
upless that be the proxh iate cause of the
Injury. Beyel v, Newport News & Mis,
Valley R.R., 34 W, Va, S48, 12 5.E. 510
{1590;, _

"l'hust_',:uiug_:ggl__!_.g_ﬂr_li_i_inldg_ir conitiby.
tory negligence is proXimats eRGee, o

“"Where ons 15 inJerat Y earelesaly R
ing on a railread erossing in front of g
moving engine or train, the preximate
enuse of his injury must be regarded as
his contributory negligence, zud rot the

.. negligence of the pajbrond campany a

filing to ring the bell or blow the
whistle. Cline v, Meddoo, 85 W. Va, 524,
102 3.E. 218 (1920),

P

erossing does not .

B=-31.

Where the il e

i Net Was Thal, the
wWarning siwnnls regriired by this st
Were ot piven, and that the failere to
du s constituteg neginence on the nart
of dufendunt, i wus held that notwith.
starding  defendant's neclivence, if (.
coiseil's conteibutary g sence iz gu-
tablished as o ol lav, slaigyr
cun have ro pe ¥ Arcowond v, Nar-
ok & W, Ry, 127 %y, vy, 410, 32 3.0
C5 (1914,

And sigua} Aequirerient duey not ralie o

_;{JL\. uLl'-F_uLc-\v_m:.;.r.:,_c_L;-. Ty roa—
3 e H H

Covhee G0l ey T VhitLla

LEFERPE A L
W roilread Ly .
renseiabig care ap:

45 tha Jow por

quires, to nscertain whetier o train s
aparnaching the crossing, Beyel v, Now-
port News & Miss. Velley R.R., 34 W, \a.
534, 13 5,E, 552 {1890); Hassfard v, Pitts.
burg, Cincinnati, Chicago & 8¢, Loujs Ry,
70 W, Va, 230, 73 8.k, 026 (1012); Cline
v. Meddna, 55 W, V. 324, 102 S.E. 218
{1820); Robinson v, Chesapeake & O, Ry.,
20 W, va, £11, 110 SE. 870, 22 AL.D.
852 ({1822); Cavondish v, Chesapeake &
0. Ry., 85 W. v, 400, 121 S.E, 1063 (1924);
Gray v, Norfolk & W. Ry, 99 W, Va, 553,
130 S.E. 130 (1925}: Berkeley v, Chesy-
peake & O, Dy., 43 W, Ya. 11, 26 S.E, 349
(1828},

Though a traveler has the right to as.
sume that warning signals required by
this section will he givan, fallure to give
them will not exeuse him from excrcising
ordinary care, and taking the neceysary
precautions for his safely, Arrowead v,
Norfalk & W, Ry, 127 W, Va, 3190, 32
S.E.2d 634 (1944),

LI, EVIDENCE,

—The bhurdenof proving that sionals
were nol given rests uponm tha afntifr,

“Farsons v. New York Cent, JLH., 107 W
Vo, 619, 3¢ S.E.2d 334 (1945).

No conflict fn evidence where some
witnesses heard sighals and simne did not,
--The fact that witnesses have heajpd sig-
nals given by a locomotive approaching
n crossing warning travelers of dangar,
is not necessarily in conflict with tha cyi.
dence of other witnesses who did not hear
them: for the obavrvation of the fact by
those whn heard fa ‘consistent with the
Tallure of the others to henr them. Caven.
dish v, Chesapenke & 0, Ry, 05 W, Vi,
490, 121 1B, 458 {1824}, .

Unless witnesses nat hearing had equal
opportunity to do so. — Testimony with
reference to tha statutery warning signals
which only goes 5o far as to establish that
the witnesses did not hear the hell rung
and the whistle saunded is Kot in ennfifet
with the testimony of other witnesscs whe
toatifien] that {n faet the whistle was Ligwn

. i
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wid tho bell rung. AR exception 1o the
foregalng rule arizes where there was
eanx] appartunily of a wltnoss to hear the
mignn'a gy spureinl  elraneystone e
Uothe attensd :
inre to inwve E :
voosalimese S Guield, 167 W Va4,
74 BE.2d 167 (3I054).
Witnesses §n porition 1o ohservo but nat
herring agnals are entitled (o peculiar
waight.—~\V'here the witnesses were in a

pesiava to observe with wnuspal care
the circumatunces surrounding the aceie
dant, thelr testimony o3 te ske newlic
sound the cuatemary warnlogs by b
whistls, or both, within a reesonatls
distance fram the crossing, o oty dis.
tated by renson and reguired by this .
tion, is ontitled to peculiar weisht, Crel
dotph v. Hines, BD W, Va, 118, 50 SR
nei (1821), citing Carnefic wv. Rana

. & Mich, R.R., T3 W, V. 534, B2 5.E. 21
' (1214); Southern Ry. v Dryanr, 83 Va,
213, 23 S.E. 1B3 (1847).

Thus, denin] that signaly. were given

may pioduca. JUEy_question——The testi-

monp ons witness, who denies that a
railrond whistle was sounded on a glven
- occatlon, la. ga positive evidence ay the
testimony of another who atirms the fact,
whers each has equnl opportunity of hear..
Ing and the attention of ‘the former
bacnuss - of speclal circumstonces s
equally drawm with that of the latter to
the sounding. of tha whistle, The deniz

by tha ens and the affirnuance by the otker |

produces & éonflist -of gvidence, which i:
" is the provigee of tha;fury to duterniiza.
* Tuwney v, ‘Kirkhart, 180 W, Vo, 552, i

S.E8d 804 (1047). 7.

i AWhethae & confifot drlsgs between posi-
- tive)ond negativy evidence of ks
charhetar - depends - upon the. facts and
circumatances of each ease, from wiic
may be detormined whether such re
evidenca has nuy probative value. Cu

dish v, Chusapeake & 0. Ry., 05 W, V-

459, 121 S.E, 408 (1024); Tawney v. R Phe

hart, 130 W. V. B30, 44 S.BE. 624 (1¥3

Sincs, Il evidence confiicts, guestiun is
for Jary,—\Where the evidence £s to kit
fng the whistle and ringhig the Tell oo

. In conflict, the questien’of fact i3 tne o
be determingd by the fury. Kglle}- v, K
aawhi & Mich. Ry, 09 W, Va. 5ld i
5,5, 677 (1025); Towner v. Kirkhart. 1°
W, Vai 360,44 S.E.2d 034 2045},

Where -the evidence ' conflicts und
credible, the guestfon fs ons for the 1Y
Parsons'v. New York Cent. RJt, 126
Va. 019, 31 S E2d 334 (19451

ek 3ot o i e 3 o b s 8T e bl £ e

- s

10 evidenee  confifets ot
peanir ol ten's by rinsiar

Where
vl N

R A O )
. s MWL Ry, Wed W, VL T e
S.E 551 (1996), .

Question  of traveler's _comiriintes*
nea RS MM Tor Juty,—5e0 Alie: =
ot e e g et S e

v Norfolk & W. Ry, 127 W. Va. 810, 2
s.B0d 634 (1041}, .

Evidence held Insufliclent (o aubmit
railevad’s negligence to jury. — In actlon
for Injuries sustalned in erosslng eollislon
evidence was inaulicient to justity sub.
misston to jury of question of railron(a
rerlipence In failure to comply with this
section, Beltimore & OR.R. v, Doneen,
18l F.2d 674 {4th Civ, 1947},

Evidence eld sullicient to sustaln ver-
dict Tor cither -party, -— -Conflicting evi-
dence on question of whether raliroad
save statutory warning signnls required

———

by this sectlon was sufficient on bhoth
sldes to have sustained a verdlet in favor
of either party. Tawney v, Kirkhart, 130
W. Va, 650, 44 S.E.24 634 (1047),
Evidence held to faver rallrond's com-
pliance with seclion.—In Krodel v, Baiti-
more & Q.R.R, 99 W, Va, 874, 123 5.E,
5§25 (1928), theve was some conflict of
- testimony as to sounding’ the whistle pnd
ringing the bell at a railrond erossing, but
it was held that the welght was in fover
that tho .defeadant complied with the
statute, .
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ENCLOSURE C

MULTIDISCIPLINARY ACCIDENT INVESTIGATION

Case No. UC852D

{ Abridged)

Prepared by

University of California
Los Angeles, California

The contents of this reporc reflect the views of
the performing organization which is responsible
for the facts and the accuracy of the data pre-
sented herein. The contents do not necessarily
reflect the offlicial wviews or policy of the
Departmant of Transportation., This report does
not constitute a4 standard, specification ar

regulacion,
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UCLA COLLISION INVESTIGATIGN FROGRAM

VEHICLE COLLISION REPORT

Prepared for the U.5. Department of Transportation
Nationa! Highway Safsty Bureau, |
Under Contract FH-11-6690

Certain infarmation contained in this report is obtained from indirect sources,
The opinions, findings, and canclusions expressed in this publication are the:e

of the outhors ond not necessarily of the National Highway Sefety Bureau,
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1. STANDARD CASE SUMMARY

1.1 SUMMARY TEXTY

IDENTIFICATION: This train versus outomobile collision occurred on a Thurs-

day at 10:51 a.m, at a combination intersection/railroad
cressing in California, Maximum occupant injury severity: critical (08) Collision
causation: driver inatlenlion,

AMBIENCE: . Day; weather clear ond dry; roadway dry.

ROADWAY A straight, asphalt, undivided roadway, 75 ft. wide with

curbs, in o suburban area with speed limit of 35 mph. The
collision site is at o railroad crossing, 25 feet before @ T-intersection. The road hos a
negligible crown, and is upgrade af the site. The roadway has three intersections within
one-quarter mile of this intersection,

TRAFFIC CONTRCLS: The lanes are separated by broken white lines with oppesing
lanes divided by double-double yellow lines. There is o

roilroad automatic signal and a traffic signal at the railroad erossing, There were no
crossing gates at the time of the collision. Four auto/train collisions at this site in past 3 yrs,

VEHICLES: Vehicle #1: Freight train weighing cpproximately 400 tons,

Vehicle 72: 1967 Cadillac Coupe de Ville two-door hardtop
with power windows and seat. No opparent defects. Collision damoge to right deor
causing intrusion af 12", Oceupant contact with intruding doer and train, Deformation
Index: O3RPMW2,

QOTCUFANTS: Vehicle #2: Driver: 59-year-old female, height, 64",
weight, 140 Tbs, Lap belt inuse. No HBD or drugs, In-
juries: fractured rib, lumbar back strain, abrasions, ond contusion,

Right Front: &3-year-cld female, Na restraint
inuse. Mo HBD or drugs. Injuries: compound, depressed skull fracture with cerebral
centusion, abrasions and contusions gver body,

DESCRIPTION:

Fre—zollision: Vehicle #2, the Cadillac, approaching the T-intersection,
failed to stop of the railrocd crossing in spite of the warning
It21s gl bzll, Slowing for the red light ot the intersection, the Ccdillac entered the
f:uelhs, info the path of the train., The train wos castbound at approximately 15 mph,
appicaching the cressing. The train engineer wes sounding the whistle and applicd his
brakes whaen he saw the Cadillac in crezsing.,
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Collision:

Post-collision:

The train struch the Cadillac in the right side, pushing it 150
: ft. along the railroad trucks, The Cadillac remained in a
position af u right angle te the reilroad iracks. Occupanis of the Cadillac moved to the
right, and the right front accupant was skuck by the intruding Irain.

Cccupants were hospitalized. Reilroad crossing gates were
later installed at the crossing.

1.2 CAUSAL FACTORS, CONCLUSIONS, RECOMMENDATIONS:

Matrix cell
(*indicates positive factor)

1

s*

8*

Exelanaﬁon

Driver inattention and/or distraction appear to be
the chief cause of this collision,

Air conditioning on, with windows rolled up, makes
it difficult to hear train or warning bells.

Right door penetration of 12" due to side impact.
Door metal torn in area of hinges.

it is recommended that integrated side structures
be employed, combining strength of frame, door
sitl, body pillars and roof.

Right door latch and hinges did not fail .

Driver's view of encoming train partially blocked
by shrubbery along tracks.

Vehicles were allowed to stop on railroad tracks
while waiting to turn ot intersection.

It is recommended that visibility of cncoming trains
be moximized by removing obstructions, Vehicles
should not be allowed to wait on roflroad tracks,

Railroad erassing gate was instailed and light
lobations were altered after the collision.
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ENCLOSURE D
SOUTHWEST RESEARCH INSTITUTE

CASE SUMMARY '
{(MV.TRAIN-INTERSECTION COLLISION)
. Cazo No. 7173 .

~

Y

IDENTIFICATE N (Abridged)

This accident occurred at the MKT raileoad grade crossing on Eisenhauer Rd. #t 1H35 in San Antonio,
ftexar County, Texas, on Thursday, Sepiember 30, 1971 at 1335 hours, invalving the collision of a diesel
{~-ight .zt and 3 1970 four<door station wagon with 2 lone driver, The westbound auvtomobile was
struck on ils left side by the northbound locomotive, The area is residential. The accident waos Injury-
producing; AfS Severity Code No. 3,

AMBIENCE

It was Jdaytime with purily cloudy skies, BS”F dry bulh, §7 pereent relative humidity, 10-mph breeze
blowing from the southeast; the road surfaces were dry and clear of debris and loose gravel,

HIGHWAY -

Eisenhauer Rd. is 2 major aveess artery between the interstate loop expressway system and the
residentinl areas of nartheast San Antonio. It is a 4!-fi-wide, four-lane, two-way rosdway with an asphalt
surface of the intzrmediale lype in good condition. The road is divided at thisimmediate ares of the LH3S
agcess road-Eisenhuuer Rd. intersection by 6-in-high cancrete channelizing islands, The traffic lanes are
10 ft wide, Eisenhauer Rd. runs east-west and is bounded op both sides by a 6-in. curb, The road is straight
and level, It is not crowned, The coefficicnt of [riction on the dry surface was 0,61, A southbound, onz-way,
two-lane 24-(t-wide Irontage road runs &0 1 east and paralie) 1o 2 mainline, single track raitroad right-of-way,
both iptessecting Eisenhauer Rd, at this peint. An exil ramp fcom 1435 is immedistely north of this inter-
section and an entrance ramp is immediaiely south, These ramps connect IH35 to the frontage road.

TRAFFIC CONTROLS

The posted’ speed limit an Eisenhauer Rd, is 30 mph, The speed limit is 40 mph on the frontage
rodd, A raitroad company-imposed speed limil of 25 mph is assigned for 0.5 mile each side of the crossing,
Tralfic vontrel devices vonsist of pavement markings, ¢-in-high channelizing islands, regulatory, warning,
and guide signs, There are two Mashing amber lights, 36-in-diameter yellow railroad advance warning signs,
and black-on-white ralroud crosshbucks, There are neither traffic control sighal(s) in the area nor a flashing
red light or bell warning signals, gates, or guards to provide immedsate warning of an spproaching train.

VEHICLES

Na. 1, 1968 GP40 Eleciromotive diesel freight engine, The 3-yr-old engine is considered to be in good
operating condition wilh no indicated defects. Minor secondary domage includes bent brakemnn's steps,
bent coupling actuator lever, and airhose torn loese, sccondary vehicle deformation index 12FDLW!, The
retail repaw cost was nil,

Mo, 2. 1970 Qldsmobile Vista Cruiser, fourdoor, three-seat, yellow station wagon; odometer reading
22,224 miles; valid Texas Mator Vehicle Inspection stivker with a damaged illegible date; equipped with a
standard 350<cuin. enditcyhnder gasoling engimne; automatic transmission, power steering, and power front
disc-lype brakes; radio, healer, air conditioner, and tupe deck, padded anmrests, sunvisor, seaf back tops,
inlerior rearview mirrof, windshield interbeam, and instrument panel, Three seatbelts and two shoulder
straps for front bench-type seat and three seatbelts for the second bench-iype seal, The shoulder straps
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were in the stored posinon, No defects were apparent or indicated. The last vehide maintenine w
performed at 13,663 mides on Januwary 21, 1971 and inchaded lubeweation and oil and filter change, Prong
coptact damape was |6, sheed metal and frame deformation to the left side, primary vehicle deforisany
index QULPAWS, Secondary damage was to the Ures, rear bumper, and rool, The reteil replace ment val:
was $A0TS (1olaf less 5200 salvage value), !

OCCUPANTS

Vehicle No. 1. Engincer: 46-yr-ald white male, 71 in,, 155 Ib (estimated), An interview was no,
obtained. He was familiar with the vehicle and the route traveled. !

i

+

Injury; None,

Vehicle No. 2, Occupant Neo. 02, Driver: 42-yr-old while {emale of Latin-American extraction, 62 in.,
1321ib, She has been driving 20 yr and currently drives approximately 9000 milesfyr. She wuas en rouls
from her husband’s affice ta home, a datapee of [0 mules. The secident occurred | mile from her destinag-
tion, She had no defimte ETA. She was familiar with the vehicle and with the roule traveled, She has had
no formal dnver's education. ller physical condition was excellent, Her precrash state was rested with no
stress; she was inattentive (o her driving task, Lap and shoulder restraints were available, bul not in use,

Injury. Severe (not life-thieatening), AlS Severity Code Na, 3.

STANDARDS

The following Highway Safety Program Standards (1ISPS) andfor Motor Vehicle Program Srandapds
{MVPS) were relevant to this case:

HSPS No, 4-Driver Educution Use uf Occupant Restraints, Radio, and Failure 1o Look for T'ir
HSPS No., 9=ldentificanion and Syrveillance of Accident Locations

HSPS No, 13 -Traffic € nerol Devices

MVPS No, 201 —Ovepant Frotecrion in Interior Lmpact

MVPS No. 214-Side Door Strenagth,

DESCRIPTION , .

Preerashi: The driver of vehicle No. 2 (passenger car] was traveling to her home trom her husband’s affive,
She had left northbound 1H3S and turned west onto Lisenhsuer Rd., possing under the 11135 overpass, She
crossed the soutlhibound froniuge rosd at a relatively fow speed (estimated not more than 25 mph} and
drove in froat of vehicle No. ! (diesel treight engine), which was moving north at about 25 mph with its
horn blowing for the crossing. There were no skidmarks from vehicle No, 2 prior 1o impact, The car radin
wias in operation.

Ceash. Impaet ocsurred on the Jeft side of vehicle No. 2, centered approximately ar the A" pillar line, as it
crossed the ruilroad track in froal of vehicle No, 1, The coupler of the freight engine foreed in the forward
ponion of the door structure, firewall, ¢cowl, ynd instrument papel steuctuse, Other porbions of the front
steucture of the engine - brakeman's steps and brackets- forced in the dours, fuor, and frame kefe sideradl 1o
a depth of 16 inches, The passenger wvehicle was pushed northward on the railroad right of way, It then
yawed left and canie 4o rest B8 (0 from the impact point, parallel to and 7 {1 west of the tracks fucing rhe
crossing, The unrestrained driver was first thrown lefi against the incaving site structuie of the car, Tuonshe
was thrown to the eeht, Vehicle No, | stopped 314 11 from the point of smpact,

Povcrash: ‘The dniver of veluele No, 2 was not vjected from the vehicle, She was removed from vehicle
No. 2 through ihe right front doer without complications, She was taken to the hospital by ambulanee



spproximately 20 min after the crash. Because the autumabile came 1o rest 8 vonsiderable distance lom
the roadway, there was no appreciable intesference with traltie, A wrecker had no complications in pbang

p the vehicle and towing it away, Since the lucasaulive was not significantly damaged, i was able Lo
yaweed., Tralln An Fienhauer R, was estimated a1 15 vehicles/min; on the frontage road, toaflic was
esthmated at 5 vetael» nor,

CAUSAL FACTORS, CONCLUSIONS, AND RECOMMENDATIONS
Matrix el

(* Indicales
Positive Factors) Explznation

1 Driver No. 02 was inattentive and did not observe normal precautions when approach-
ing the railroad track,

1 Driver No. 02 had her radio on and windows up, which may have prevented or
seriously interfered with hee abudity to hear the train's signal horn,

1 The engineer may have been speeding, with respect to the compny-imposed limit of
25 mph, 40 10 50 mph, This is the situation if the train brakes were adequate and if
the engineer maintained a focked brake mode theoughoul the stopping sequence,

2 Driver No. 02 was not wearing the available seatbelt or shoulder sirap.

3 Driving in a veil of interior noise (radio, air conditioner, etc.} with the windows closed
should be discouraged in driver education programs, ,

4 The train should have been cupable of stopping within 104 {t from 25 mph, The 3140t

o stopping distance, fram the point of impact, suggests that cither the driver did not

. fully apply the brakes at some point during the collision sequence or that the brakes
were not performing adequately,

5 Occupanl injuries from impact against interior surfaces and protuberances were miti-
gated as a result of adequate padding and interior design.

7 This site has an extremely high accident rate; however, more adequate traflic control
by a train-spproach signal syslem has not yet been authorized,
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ENCLOSURE E

Marylead Mcd:cal-LegalrFoundatinn

Office of the Chief Meéical Examiner
I State of Marylaﬁd
Truck/Train Tmpact

Caase § MMF 72-24
(Abridged)

MULTYDISCIPLINARY ACCIDENT INVESTIGATION SUMMARY

IDENTIFICATION OF COLLISION

The highway is a state road traversing north and south in the southe-
east portion of an industrial section of Raltimoré County. The accident
occurred in September of 1972 'at 0400 hours on a Friday invelving a trac-
tor trailer and a freight train at a front to side impact, The accident
caused fatal Injuries to the driver of the tractor trailer. :

INJURY SEVERITY SCALE: Driver of Vehicle #1 FATAL-AIS-8
AMBIENCE '
Night; no fllumination; misty; 58 degrees F.; 607 relative humidity;

wind 10 m.p.h. from the northwest; visibility of 500 feet; read surface
was wet; coefficient of friction .55 dry {measured) and .45 wet (estimated).

HIGHUWAY ) . .

The highway on which the accident occurred is a major arterial state
road with a total width of 106 feer coasiscing of two 12 foot lanes going
porth and two 12 foot lanes going south divided by a 48 foot grass median,
The roadway 1s of black top macadam with an 8 foot shoulder on the east
stde and & 2 foot shoulder eon the west side. The roadway is straight and
lavel., There is no artificial lighting and within % mile there arze two in=
terscctioas; one baing 800 feet south of the railroad crossing and the othar
being (00 feet north. There are 9 telephone and transit poles sithin L
mile. The accident history at this poinZ within a year previous is & pro-
perty damage and 3 pcrsonal injury acc1dents with an average daily traffic
of 22,500 vehicles.



OCCUPANT DATA

TRATFIC CONTROLS

The speed limit 1s posted at 55 m.p.h. and there are intermittent lane
lines with solid edge lines painted in the roadway.’ There are standard
railroad crossing sigus and lights at the right side of the road'with over-
head signals actuated by the train, ) : \

‘VEHICLES INVOLVED

Vehicle #1 was a 1969 G,M.C. Tractor, two~deor, red in color with an
odometer reading of 49,760 miles. There 1s no inspection data but the
vehiecle was well maintained by the company garage, The vehicle was equipped
with manual steering, manual transmission, air brakes (drum type), seat
belts (being used by the driver when the accident occurred). There was no
previocus damage noted. Damage to Vehicle #1 on impacting the train at an
eleven o'clock principal impact force was to the left front causing a shaet
metal crush of 38 inches. The bumper, grille, fender and hood deformed
rearward into the engine compartment whereby the engine separated from mounts.
The left front wheel and asseably moved rearward., The seats moved forward
and the driver impacted the steéring wheel and coluzmn with his chest and
his head impacted the left A-Pillar as it was deformed inward and rearward.
After the initlal impact a second impact of D6 hours principal Zerce occcurred
a5 the trailer shearved from the £ifth wheel and impacted the rear of the cab
with a2 sheet metal crush of 18 inches compressing the cab Interior by 507
pinaing the operator in.

’

VEHICLE DEFORMATION INDEX: ?Principal Impact =~ 11 FLAW-4
o Secondary Impact - 06 BDHW-4
Vehicle #2 was a Ceneral Motors E.M.D. type locomotive pulling 47 box
cars and it sustained minor damage te the right front side.

VERICLE DEFORMATION INDEX: 02 RFMW-1

Ser
Lo

The driver of Vehicle #1 was a 46 year old white male, 68 inches tall,
weighing 115 pounds having 30 vears driving experlence at approximately
15,000 miles per year. At rhe time of accident he was enroute from his place
of employment with a delivery for a distant eity ocxpected to arrive 5 hours
after the aeceident occurred. The accldent occurred within 5 miles from the
origin, He was familiar with the vehicle and the area having used both daily
for the past several years. His physical condition was normal as was s men-~
tal condition, There was no alcohol or drug involvement and seat belts ware
available and in use by the operator, During the accldent the driver sus-
tained the following injuries: fractures of skull, ribs, pelvis and extremi-

ties, contusions of lungs with hemothorax, laceration of heart, laceration
of liver and spleen with hemoperitoneum, Tupture of bladder; and contusions
of hippocampi and temporal lobe of brain. + {A1S~8B)
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The drviver of Vehicle #2 (train) was a 57 year old white male, weight
and Lielght uelnown haviog 0 ynars driving experience with 15 years as a
ver'enod enpincer, His driviap record is good with 10,000 miles per year
plus rail usage undetermined. He is familiar with the englne using same
three to four times weekly. At the time he was shifting cars along the
railread from yard to yard, His engineering ability was taught to him by
“he railroad company. There were no Jdrugs or alcohol involved. There werd
na restraints available and no injuries. There were three passengers on
the traiw auv.l they ware not injured or restralned, Passenger #1 was a
white male, 56 years of age and he was seated in the front center. Passen-
ger #2 was a white male, 36 years of age and he was seated in the front right.
Passenger #3 was a white male, 54 years of zge and he was seated in the rear
lefc. . - .

v

STANDARDS | . .

1. FHSPS #9 - Identification and Survelilance of Accident Locations,
The rallread crossing is well protected with traffic signals ace
tuated by the train, but it is so little used that drivers attempt
to beat the train. It is recommended that gates.be installed at
the railroad crossing..

COLLTSIQN DESCRIPTION .

Pre-Crash

The driver of Vehicle #1 repoxted to work at the uaual time, 0130 hours,
and had proceeded from the terminal to deliver a load of hardware to a dis-
tant eity. He was operating the vehicle northbhound or a state road at an
estimated spred of 45 to 50 m,p.h, and when lie approached the east/west rail-
road ¢rossing he failed to stop for the signals and collided with the right
front side of a slow moving freight train, The freight train was proceeding
eastbound at an approximated speed of B to 10 m.p.h. There is no evidence
to show that the driver of Vehicle {1 tried to take any evasive action, how-
tver, the operator of the train did apply his air brakes for an emergency
stop,

Crash

Vehicle £1 impacted the right front side of the train with its left froat
at an eleven o'clock principal force impact with a secondary impact force of -

06 o'clock when the trailer sheared off the £1fth wheel and impacted the

rear of the truck cab, As the vehlele rotated 257 ¢lockwise, and coming

to rest 42 feet east of the impact, the driver, who was restrained, moved
forward and to the left impacting the steering wheel 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 initial impact

_force at 02 o'clock deforming the entrance steps and the hand ratil. The
‘unrestrained occupants were well to the rear of the impact point and suf-.. ..

fered no effects of the accident. The driver of the train applied his air-
brokes for an cmergency stop and the train remained on the rails coming te
o atop 168 feet essnt of the impact. -

i



FEWERE AW el

Past-Crash

‘.
1

Vehicle #1 came to rest &2 feet east of the impact facing east oil the
roadway and Vehicle #2 came to rest 138 feet cast of the impact, on rails,
The operator and passengers of Vehicl: #2 wére unhurt. The operator of
Yehicle #1,  due to the compression of the truck cab from the front zpd rear
impacts, was pinned in the cab, Emergency rescue equipzent of the Police
and Fire Depart-ints were called, responding within 10 minutes and pro-
ceeded to cut tl: metal attespting to free.the driver. Due to severe de-
formation, extrication was difficult and tock two hours to free the driwvar.
e was pronouncod dead at the scene and was taken to the O0ffice of the Chief
Medical Examiner, During the rescue operation, traffic was tied up in both
directions and rmitable tetours 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 coved under its own paver, The
) scene was clearcd and open for traffic within four hours.

CAUSAL FACTORS, CONCLUSIONS AND RECOMMINDATIONS

ACCIDENT CYISATION

Matrix Cel' Explanation
Primarv Causge

1 Driver of Vehicle #1 failed to perceive
the approaching trzin and danger of going
through signals, (Definite)

Severity Increasing

1 Driver of Vehicle #1 made no attempt at
evasive action. (Definite) A
: 1‘;

Relevant Conditions

i 1 Driver of Vehicle #1 was apparently pre-
P ' occupied with thoughts of his trip. (Pro-
: . bable)

7 The crossing was well protected with ac-

-
.

g “tuated signals (at side and overhead) but
. it allows roem for passage. (Probable)

.

oo INJURY CAUSATION ' ;
o ’ ' !
3 Matrix Cell . Explanatien

: 2 . e * Driver of Vehicle #1 was wearing available

s restraints but they were of no use in this

] case. (Probable)

?

E 5 ‘ The collapse of Vehicle #1 from front and

: rear impacts added to severe injury. (De-

i finite)

1

i

i
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POST-CRASH VACTORS

Matrix Cell Exvlanation
3 Ambulance and rescue arrival within 10 min-

utes, but extrication was difficult taking
two hours with metal saws. (Definite)

& The load of Vehigle #! shifted after the
‘ initial impact. (Definite)

! 9 : There were no fires or explosions, detours
[ were set and maintained adequately, and the
E clean-up operation kook four hours, (Lefi-
| nite)

r
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ENCLOSURE F

Durham Clty Cede
Durham, N.C,

Ch. 18 § 9 Locomotive Whistle,

f It shall be .unlawful for any person to blow or allow to

be blown any locomotive whistle under his control within the clty

limits., (Cede 1940, C. 28, § 8.)

Knoxville City Code
Knoxville, Tenn.

Ch, 33 % B Blowing Whistles,

It shall be unlawful for any person operating or in charge

of 8 locomotlve engine within the corporate limlts 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 regulatlions of railway companies, or as required by the
laws of the state. (10-21-04,)

Houston City Cede
Houston, Texas

Sec. 1843 Blowing Whistles; Blowing out Boller

All persons are prohlbited from blowlng any whlstles on
any lecomotive, or single blasts therefrom; within the limits
of the clty, for a longer period of time than flve seconds,

except when there 1s imminent danger of an accldent, All

‘persons are prohibited from blowing off or blowing out a
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boiler when crossing any publie strect or other thoroughfare
withia the limits of the city. Fach and every persoen viclat-
i - any provision of this s2etlon shall be flned in any sum,
upon convictlion, not less than five dollars and not exceeding

1ty dollars.

Mason Clty, Iowa

2629 Sounding of Locomotive Whistles

It s2hall be unlawful for any person to cause or permit
any locomotive whilstle to be sounded within the limits of the
City except for the purpose of maklng necessary signals
required by law or required for the safe operation of the
rallway, and where requilsite signals canncot be made by other

means. (R '16, Sec. 545.)

Chlcago, I11inois

188-44. No person owning or operating a railroad shall cause
or allow the whistle of any loecomotive 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 egulpped with a bell-
ringing device which shall at 211 times be maintained in
repair and which shall caugse the bell of the englne to be rung
.automatically. The bell of each locomotlve engine shall be
rung continucusly while such locomotive 1s running within the
clty, excepting bells on locomotives running upon those

railroad tracks enclosed by walls or fences, or enclosed by a

B-50



wall on one side and publlic waters on the other side, and
excepting bells on locomotives running upon those portlons of
the rallroad track which have been elevated. In the case of
these exceptlons, no bell shall be rungor whistle blown except

as signals of danger.

Buffalo, New York

Chapter V. RAILROADS
#4, It shall not be lawful for any person in the employ or
any railroad company operating within the llmits of the ecity

to permit the whistle of the locomotive under his control to

be blown, except for necessary signal purpeses. Any person

violating the provisions of this section shall pay a penalty
ol $25.00 for such offense,

NOTE: This restriction is generally associated wlth a trailn

! speed restrietion ol 6 MPH and the use of flagmen,

Lynchburg, Virginia

CITY CODE SUPPLEMENT (Railroad)
Sec. 3809. Sounding whistles or horns.
The sounding or blowing of locomotive whlstles or horns

within the corporate 1imlits of the city of Lynchburg is hereby

prohibited, except as may be necessapy for the transmission

of signals or 1n emergency to prevent accldents.
The provisions of this section shall not apply to the

two crossings of the tracks of the Chesapeake and Ohio Rallway

o I LI R
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Company at Reusens, in the vicinlty of the E., J. Lavino
Cempany, because of the lack of sight distance and warning
lces at these crosslngs.
Any violatlion of thic ordinance shall be punished by a
flne of not less than flve dollars nor more than ten dollars

for each offense. (1931, §70H4; 6-8-k2; B=28-56; 10-9-506)

State of Illinols

Under authority delegated to 1t by the State Leglslature
{114-59), the Illinois Commerce Commlssion adopted General
Order #176 on August 15, 1957, excusing the sounding‘of horns
and whistles at ecrossings protected by flashing lights. This has
now been incorporated in General Order No, 138, Revised, August

22, 1973, Rule 501,

]

State of Florida

§351.03 limits siénals to bells only in incorporated areas, with

an accompanying speed limit of 12 mph.
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ETATE OF CALIFORNIA

Novemboy 10, 1972 riewe 0 79,503
Honorable Arlen Gregorio o oo

The Stale Senate W\

12th pistrick, San Mateo County “1

State Capitol : P

Sacramento, CA 95814 ey v
\}’u

Dear Senator Gregorio;
Subseguent to receipt of your letter of October 4, 1972, our representative

has discussed the use of train whistles approaching raileoad grade crossings
with Mr. John Gilroy and Ms. Charlotte Schultz of your staff.

. As discussed with them, it may be necessary to sound the train whistle
T aven at crossings equipped with automatic gates for the follewing

reasonsi

l. Possibility of u malfunction of the automatic grade ¢rossing protection

due to being struck py vehicles, vandalism or failure of track circuitry
or signal apparatus.

2. Rail highway crossings are frequently traversed by bicycllsts and
pedestrians after the protective devices have been actuated by an
spproaching train.

3. Impatient motorists sometimes ignore crossing signals and have been
known to drive around protectlve gate arms In an attempt to avoid
being delayed by a train.

4. Liability on the part of the railroads for fallure to use every means
available to aveld an accident.

In view of the above, the staff feels that in the interest of safety, the
raillroads should not be prohibited from using the train whistles to warmn
persons that a train is approaching.

- Yours very truly,

PUBLIC UTILITIES COMMISSION

By f/{}b%ﬂ)fé’ ﬂn«cum) |
WILLIAM Rae JOHNSON, Sedretary
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OPERATING RAILROAD RETARDER YARDS IN THE UNITED STATES
{CLASS | Railroads)

Number of

State Yard Railroud Tracks
Alabama Birmingham L&N 40
Birmingham Sou LY
Sheflield Sou 3
. Arkansas N, Little Rock M. I 64
Pine Bluff St.L.S. W, 30
. Culifornia City of Industry R 1
East Los Angcles u. 16
Los Angeles S B 40
Richmond S. P 8
Roseville s 49
West Coltan 5. P 56
Coloradp Grand Jet. DERGW 31
Pacblo AT&SE 16
Connecticut Cedar Hill {Last) P 43
Cedar Hill (West) p.C. 38
Flerida Tampa S.C.L. 8
Georgia Atlanta Sou 12
Allanta Sou 65
Atlanta L&N 24
Micon Sou 50
. Idalio Pocintello L. P 40
-1
i
i
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Number of

State Yard Railroad Tracks
Illinois Bensenville C.M.S5.P.&P, 70
Blue Island LB 42
Chicago, Clearing B, R. Chgo 44
{East)
Chicago, Clearing B. R. Cligo 36
{West)
Chicago, Cicero B. N. 43
Chicago, Corwith AT&SF a2
Chicago, 591l St. P.C. 42
I5, St. Louis A &S 42
E. St. Louis 1.C. G 26
Galesburg (East) B, N. 49
Galesburg (West) B. N. 35
Madison T.R R A 34
Markam .C.G. 64
Mackam LC.G 45
Proviso C.N. W, 59
Silvio C.R.LI 50
Indiana Etkhart P.C, 72
Gary E. I &E. 58
Gibson {South) I H. B, 30
Gibson (North) L H. B 30
Indirnapolis P. C. 64
Kansas Argentine (East) AT&SF 48
Argentine (West) AT&SF 56
Armourdale C.R.LP 40
Kentucky DeCoursey (North) L&N 20
DeCoursey (South) L&N 24
Russell C&O/B&O 32
Stevens C&O/B&O 15
Louisiana Geismer l.C. G, 6
Mauryland Cumberland (West) C&Q/B&O 32
Cumberland (East) C&O/B&Q 16
Mussachusetts Boston B&M 22
2
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. Number of
Slale Yird Railroad Tracks
Michigan Detroit DTy 36
West Detroit P.C, 3
Minnesota Minneapolis B. N. 63
St. Pauj C.M.SIVL&P, 40
Missouri Kansus City (Iast) M. P, 42
Kansas City (West) M, D, 32
N. Kunsas City B. N. 42
! Montana Missouli BB. N, 9
. Nebraska Lincoln B. N. 36
N. Platte L. P, 62
N. Platte (West) u, p. 42
New Jersay Morrisvilic P, 38
; Pavonia rC 32
' New York Buffalo E. L. 56
Buffalo P.C. 63
. DeWitt pC. 27
‘ l Mechanicvilie B&M 36
‘- North Carolina Hamlet S.C L 58
North Dakota Minot BN, 40
; Ohio Bellevue N&W 4?2
x Columbus rC 40
Grandview PC, 9
r Marion . L. 24
“ . Portsmouth N&W 18
: Portsmouth {West) N&W 35
' Sharonville P.C, 35
i Stanley P.C. 42
i Walkridge C&O/B&O 68
i Willard C&O/B&O 52
Oklahoma Tulsa S.L.S.F. 40
% / 3
; )
? /
i L
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Numher of

State Yard Ruilroad Tracks
Oregon Eugene s b 32
Pennsylvania Allentown CN)/LY 19
Connellsville C&0/B&O 15
Conway (East) rC. 54
Conway (West) B C. 56
Enola (East) P C. 33
Enola {West) rC, 36
Pittsburgh U. R, R, 23
Pittsburgh Mon-Conn. 22
Ruthetlford (IZast) Reading 33
Rutheriord {West) Rending 18
Tennessee Chattanooga Sou 50
Knoxvilie Sou 46
Memphis S.L.S F, 50
Nashville L&N 56
Texas Beaumont L 12
. Fort Worth M. BJT. M. 44
Houston S. b, 48
Virginia Alexandria [(North) R.F. P 43
Alexandria (South) R.F.P. 39
Bluefield N&W 13
Lamperts Point N&W 36
{empty)
Lamperts Point N&W 36
{loaded)
Lamperts Point N&W 30
Newport News C&O/B&O 15
Roanoke N&W 56
Washinglon Pasco . N, 47
Scattle B. N, 16
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Number of
State Yard Railroad Tracks
Wisconsin Milwaukee CM.S.P.&P, 35

Abbreviations of Railroad Names Used in this Table*

L&N — Louisville and Nashville

Sou ~ Southern

M.P, - Missouri Pacific

St. L.S.W. ~ St. Louis Southwestern

S.P. — Southern Pacific

U.P. — Union Pacitic

D&RGW — Denver and Rio Grande
Western

AT&SE — Atchison, Topeka and
Santa Fe

P.C, — Penn Central

S.C.L. — Seaboard Coast Line

C.M.5.P.&P, — Chicago, Milwaukee,
St. Paul and Pacific

[.H.B. — Indiana Harbor Belt Railway

B.R. Chgo — Belt Railway of Chicago

B.N, - Burlington Northern

1.C.G. ~ Illineis Central Guif

A, & S. — Alton and Southern

T.R.R.A. — Terminal Railroad Assoc. of
St. Louis

C.N.W, — Chicago and North Western

C.R.1.P. - Chicago, Rock Island and Pacific

EJ. & E. — Elgin, Joliet, and Eastern

C&O/B&0 — Chesspeake and Ohio
Baltimore and Ohio

B&M - Boston and Maine

D.T.&l. — Detroit, Toldeo, and Ironton

E.L. - Erie Lackawanna

N&W — Norfolk and Western

S.L.8.F. — §t. Louis San Francisco

CNJ/LV — Central Railroad of New Jersey
Lehigh Valley

U.R.R, — Union Railroad

Mon-Conn. — Monongahiela Connecting

Reading — Reading Company

M.P./T.P. — Missouri Pacilic/Texas Pacific

R.F.P, — Richmond, Fredericksburg and
Potomac

*These abbreviations reflect mergers; the abbreviations on the accompanying map frequently

do not reflect mergers,



ATPENDIX D
SUMMARY OF YARD
NOISE IMPACT STUDY

S S L R T R e T R L A5 T o LS TRIAL e e



et E o

e IR T T e

2 i ey e e

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 Chicage Winois. The study included the analysis of eight
railroad yards from a population density and yard layout stundpoint which led to the selection of
the Cicero Yuard 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
neise abatement activities on different aspects of the Cicero Yurd operation,

CASE STUDIES OF RAILROAD YARDS

Eight yards having o wide range of characteristics were selected in order to compare yard
traffic with population densitics near them, Such @ comparison provides a basis for determining
the number and frequency of exposure of people to noise from railroad yards, Figures D1 - 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 superintendanis
or the yard masters, Table D,] summarizes the population and traffic data for the yards,

The population information was taken from the /970 Census of Housing, Black Statistics for
each city. The total populations for the cities studied were obtained from the 1970 Census of
Population, U.S. Surnmary. Population densities were derived for strips 250 or 500 {t wide for the
entire length of the yards andfor for a total of 2000 {t 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.1 - DD.8 centain graphs of the population distribution for each arco.

The population of the cities in which the 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 urbanized areas generally outside a larger urban city. No yard located in a *rural” gren was :
studied as sufficiently detailed population statistics were not available for a yatd located in other
than urbanized areas.

STATISTICAL ANALYSIS OF NOISE NEAR RAILROAD YARDS

Many methods of describing community noise have been proposed, studied, and evaluated, but
the most suitable method for describing e¢nvironmental noise and its effect on people, in EPA's

D.]
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TABRLLE D-1

POPULATION BDENSITY AND RATLROAD CAR TRAFFIC TG VARIOQUS

RATLROAD YARLS

Cle, and State Tota! Wo. of Cars Ho. of People Per Square Hile Within:
Yard Opurater Pepulation Per Day 0-2%0*  250'-5C0°  L00'-1000' 1000'-1S00' 1500'--2000° Loty vl J
1,05 1ann 12,383 :6,630 19,105 ©2,600 18,116 Warth Tuction YT T T Tt
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Linapt, Ind, L3152 6860 R} G186 Bho G4y 1,184
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arzran, 11l 15,997 32¢ J-3400 174 L74 ny 1,139 4,06 Fast Section
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sntrevilie, 111, 11,478 1300-4000 2,852 2,70k 5,216 3,089 2,189 Nartheast Scetion
Ll ,%antral § Gulf 391 1,411 £,9G3 U, 204 Horthweat Sectien
1xhanizville, N.Y, 6,247 840 1,9 3,789 10,012 10,232 T.m South fSection
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judgment, is the day/night sound level (re; Levels Document). Ly, may be obtained from an
analysis ol statittical records of noise (Schultz, 1972), Details of this procedure are in enclosure A
of section 8 of this document. “Time records™ usually means magnetic tape recordings made at
the measurement site with rugged, portable, high-quality tape recorders, Permanent recordings
permil processing a given noise record in several different ways, freeing the investigator frem the
restrictions imposed by the particular analysis that might be suituble in the ficld.

Figure D.9 shows portions of o time history of noise measured around 5:00 a.m, newr resi-
dences about 400 ft from the boundary of a railroad yard, The record from which Figure D.9 was
constructed was produced by playing o magnetic tape recording of the noise through an A-weighting
netwark into a graphic level recorder. The figures show some significunt noise events that are not
associated with railroad operations, Those evenls must be jliminated 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 clectronic statistical analyzer and a digital computer, to produce
statistical analyses like the one shown in Figure D.10a. The tape which was generated is shown in
Figure D.9. Figure D.10b shows the result of a statistical analysis of the edited version of the tape
that penerated Figure D. 10a. The solid lines in Figure D. 10b represent the data from Figure D, 10a.

Figure D.10b shows that editing out extrancous events did not cause large changes in the
statistical properties of the recorded noise, and the effect is typical of cases for which editing was
possible. For times when (he community was active, it was impossible to discriminate between
noises due {o railroad operations und other noises.

Figure D.11 shows the results of a statistical analysis of an edited tupe recording of noises at
the boundary of & busy yard. Even though a few diesel trucks traveled along a street adjacent to
the boundary, editing the recorded sounds produced nepligible changes in their statistical properties.

Figures D, 124 and D,12b demonstrate u contrasting situation. Figure D, | 2a shows the
results of statistical analysis of an unedited tape recording of noises at the bourdary of the yard
described above during a period of relative inactivity. Since much of the noise in the vicinity was
extraneous (mostly diesel trucks), ediling changed the statistical properties of the recorded noise. '
Figure D..I2b shows the c¢ffect of editing this tape, Even though there were few readily noticcable
railroad noises duting the period covered by Figure D, 12, the continuous background noise is
higher at the boundary of the yard than in the community, illustrating the contributions of :
continuously idling locomotives and other noises associated with the activities of men and machines '
assigned to the yard,

“Energy Mecan Level™ is one of the parameters shown in the computer listing: in Figures D, 10
through D.12. That parameter, usually called “LEQ" is the level of the continuous sound that

N
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GRAPHICAL OUTRUT OF STATISTICAL KQISE DATA

CICLRO TARD, NAY 17,4973, 5420 A.M,, VEST 30TH 5T,
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GRAYIICAL OUIRYT OF STATISTICAL FLISL DATA

CICCRO YARD, MAY 17,1993, 5120 A,M,, WEST JUTH 57,
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would be associated with an amount of energy ¢qual to the sum of the energies of a collection of
discontinuous sounds, The discontinuous sounds are analyzed for a specificd period of time, and
LEQ is calcwlated For that same period. Figure D-13 shows plots of the computer-calculated LEQ"‘

for the observations described above,

MODELING YARD NOISE IMPACT ON PEOPLE

The two types of rallroad switching yards are flat yards and hump yards, In a flat railroad
yard there are two major sources of noise — locomotives and car impact. In hump yards the squea)
caused by cars passing through retarders is significant.

The development of a yard noise model for this Background Document invalves the compula-
tion of Lpyn* for yards which (1} describes the activities of locomotives, (2) determines the
probabilitics of occurrence of various levels of retarder squeal and car impact noise, and {(3)inte-
grates the cumulative acoustic encrgy that is developed at a given pointin the space surrounding:
the yard.

Figure D.14a shows calculated Lpyy profiles for group retarders in a typical yard — the
Cicero Yard in Chicago. Figure D.14b shows Ly profiies for car-car impacts, Figure D.14c shows
Ly profiles for locomotive operations in the yard,

The calculated Ly profiles in Figure D.14 are based on observed leyels and l'rcque:i'cics of -
oceurrence of various noises, In addition to the usual geometric attenuation, atmospheric’
absorption and ground attenuation effects (Beranek, 1971) were included in the construction of
the figure. The levels for the individual noise events at the measurement points shown jn
Figure D.1 7 were consistent with the points of origin of the events also shown in Figure-D. 14,

The noise levels for retarders and rail car impacts are-considerably lower than those for loco-
motives, so that the total noise levels from ali sources is npproximately that of locomaotives 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
entission leveis (approximated by locemative noise), as noted in Figure D, }4c,

Retarder noise levels and impact noise levels in Figure D,14 generally would be dominant at
community observation points i tho locomotive noise levels were lowered by 10 dB(A). Thus,
retarder and car impact noise will replace focomotive noise as the most obtrusive nolse in the
community near the Cicero Yurd, il tacemotive exhausts can be mufiled sufficiently to lower their
noise by 10 dB(A) (assuming that no olher sources of locomaotive noise produce levels comparable

to exhaust noise levels).

*Enciosure A of section 8,
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Fignre D.135 shows the number of people exposed ta various Ly, around the Cicero Yard,*

Figure D135 jndicates that a muffler which quicts locomotive exhaust noise by 10 dB(A) will
decrease by 400 the number of people exposed 1o Ly, of 65 or more from the Cicero Yard opera-
tions (assuming that no other sources of locomotive noise produce levels comparable to exhaust
noise Jevels), The figure also shows that barriers providing a 20 dB{A) reduction of retarder noise
woutdd decrense by 200 the number of people exposed to Ly, 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 er more were exposed to noise levels higher than the Ly, 55 noise
level identified in the Lavels Document (EPAJONAC report number 550/9-74-004) as being
protective of public heslth and welfare. Approximately 60 of these individuals were exposed to
noise fevelsat Ly, = 75, which clearly is in the region where hearing loss may be a potential threat,
according to the Levels Document, which identifies the potentjal hearing loss level at ch(24) =70
(approximately Ly, =73)

The application of mufflers which quiet locomotive exhaust noise by 10 dB(A) is predicted
to reduce the number of exposed people (to an Ly, of 53 or greater) from 4,800 to 2,000, which
is a 58% improvement. From a hearing conservation point of view, the number of ¢xposed people
toan Ly, of 75 would shrink to zero, or a 100% improvement,

Similarly, the predicted effect 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 Lgn 535 to 2,800,

which :sn4”% nmprovcment. menheanng cunsn.n"hon pomlel‘vuw thc numbcr of expos:.d o
‘ pcople would shnnk 1o 0, whichisa 100% :mprovcmcnt B ' R i -

*Populution 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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