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FOREWORD

The study of railroad noise is relatively new, Most of the information and data contained in
this report has been generated during the past year. 1t is important to note that this report and the
proposed regulations are an initial step in & continuing effort to understand and reduce railroad
noise.

The Agency wishes to acknowledge the cooperation of a multitude of parties and to extend
its appreciation for their efforts. Those partics include, but are by no means limited to, The
Department of Transportation,and the Association of American Railrouds, and the National Bureau
of Standards.
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SECTION 1!

PROLOGUE

STATUTORY BASIS FOR ACTION

Through the Noise Control Act of 1972 (86 Stat, 1234), Congress established o 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 Scction 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 sources 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 noise emission regulations that “shall include noise emission standards setting such
limits on noise emissions resulting from operation of the equipment and facilities of surfuce carriers
engaged in interstate commerce by railroad which retlect the degree of noise reduction achievable
through the application of the best available technology, taking into account the cost of compliance,”

These two 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 equipment snd facilities of that industry. The types of
equipment and facilitics to be covered by Federal regulations are those that are “major noise
sources in commerce,’ which require “*national uniformity of treatment.” "The need for national
uniformity of treatment depends largely upon interference with interstitle commerce that would be
caused by the lack of national uniformity. Regardiess of whether or not there are Federa! regula-
tions on noise emissions from any type of interstate railroad equipment or facility under Section 17,
the states and focalitics pre barred by the Commerce Clause of the Constitution from imposing any
regulations that would constitute an undue burden on inferstute commerce,

Regulations under Section 17 are to be promulgated only after consultation with the Sceretary
ol Trunsportation in order to ensure appropriate consideration lor sultty and technological nvail-
abitity. They are to take effect after such period us the Administeator finds necessary, after con-
sultation with the Sccretary of Trunsportation, to permit the development and application of the
requisite technoiogy, giving appropriate consideration to the ¢ost of compliance within such period,
Final regulations are to be promulgated within 90 days after publication of the proposed regula-
tions and may be revised from time to time in accordance with Subscction 17(u)(2) of the Noise

I
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Control Act. These regulations under Section 17 of the Noise Control Act shall be in addition to
any regulations that may be proposed under Section 6 of the Act.

Section 17(b) ol the Noise Control Act requires the Seeretary of Transportation, after con-
sultation with the Administrator, to promulgate regulations to ensure compliance with all stundards
promulgated by the Administrator under Section 17, The Secretary of Trunsportation shall carry
oul such regulations through the use of his powers and duties of enforcement and inspection
autharized by the Safety Appliance Act, the Interstate Commerce Act, snd the Department of
Transportation Act. Regulations promulgated under Section 17 shall be subject 1o the provisions
of Sections 10, 11, 12, and 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 submitted to the Agency for
consideration. In the case of interstate rail carrier regulations, o task force was formed abaut the
same time and was composed of Federal, State, und local government officials and consultants, The
task force product was a recommendation to the Office of Noise Abatement and Control a5 to
which regulatory zction should be taken, The Office of Noise Abatement and Control considered
that recommendation along with the recommendations of the EPA Working Group, which is com-
prised of representatives from various parts of the Apency. After the Deputy Assistant Administra-
tor for Noise Cantrol Programs approved the proposed regulations, they were submitted to the
Assistant Administrator for Hazardous Materials Control who has responsibility for the Noise
Control Program as well as four others. After the Assistant Administrator’s approval, the proposed
regulations were submitted to the EPA Steering Committee, which is comprised of all the Deputy
Assistant Administrators of EPA. Upon the Steering Commitlee’s approval, the proposed regula-
tions 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 published in the Federal Register for public comment. After public comments
are pnalyzed a reconmendation for the final regulations will be prepared and the above process
will be initiated again, culminating in the promulgation of the repulations.

PREEMPTION

Under Subsection 17(c)(1) of the Noise Control Act, after the effective date ol these regula-
tions no State or political subdivision thercof muy adopt or enforce any standard applicable to
noise emissions resulting from the operation of locomotives or railroad cars of surfuce curriers
engaged in interstate commerce by railroad unless such standard is identical to the standard pre-
scribed by thesc regulations. Subsection 17(c}2), however, provides that this section does not
diminish or enhuance the rights of any State or political subdivision thereof to establish and enforce
standards or controls on levels of environmental noise, or to control, license, regulate, or restrict
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the use, operation, or movenient of any train if the Administrator, after consultation with the
Secretary of Transportation, determines that sueh standard, control, license, regulation, or restric-
tion is necessitated by special local conditions and is not in conflict with regulations promutgated
under Scction 17,

Conversely, Subsection 17€¢) (1) does not in any way preempt State or local standards uppli-
cahle to noise emissions resulting from the operation of any equipment or Facility of interstate
railroads not covered by Federal regulations, Thus, under the proposed regulations, the States and
localities will remain free to enact and enflorce noise standards on railroad equipment and facilities
other than trains without any special determination by the Administrator. Only afler a Federal
regulation on noise emissians resulting from the operation of a particulur type of raitroad equip-
ment or facility has become effective must the States and localities obtain a special determination
by the Administrator under Subsection 17(¢)(2) in order to udopt or enforce thelr own differing
noise standards on that equipment or facility.

Some types of railroad cquipment 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 facilities that are covered by preemptive Federal regulations. Railroad maintenance
shops, for example, may from time to time emit the noise of locomoelives undergoing tests along
with noises common to many industriul operations such as forging and grinding. Also, railroad
marshaling and humping yards include locomotives among their many types of noise sources,

{n most instances, State or local standards on non-Federally regulated equipment or facili-
ties of railroads can be met without affecting the Federally regulated equipment within them,
Standards on noise emission from repair shops, for example, can be met by many measures includ-
ing improved sound insulation in the walls of the shop, bufler zones of land between the shop and
roise-impacted areas, and scheduling the operation of the shop to reduce noise at those times of
the day when its impact is most severe, Standards on railroad marshaling and humping yards can
be met by a variety of steps including: reducing the volume of loudspeaker systems by using a
distributed sound system or replacing speakers with two-way radios, reducing noise emissions from
equipment not covered by Federal regulations, installing noise barriers around retarders and noisy
cquipment, buying additional land to uct as a noise buffer, and locating noisy equipment such as
parked refrigerator cars or idling locomotives as far as possible from adjacent noise-sensitive
property, Since State or local regulations on noise emissions from railroad facilities that the rail-
road can mect by initiating measures such as these are not standards applicable to noise emission
resulting from the operation of locomotives or railroad cars, they would not be precmpted by the
proposed regutations, Thus no special determination by the Administrator under Subsection 17(c}
{2) would be necessary. State or local noise standards on facilities involved in interstate commerce
such as railroud marshaling yards are, of course, subject to Constitutional prohibition if they are so
stringent as to place an unduc burden on commerce,



in some cases, however, a State or local noise standard that is not stated as a standard appli-
cable to o Federally regulated type of equipment or facility may, in eifect, be such a standard if
the only way the standard can be met is by modifying the equipment to meet the Federal standard
applicable to it. This would be the case, for example, if after the proposed regulations become
effective a State or locality atiempted to adopt ar enforce a limit on noise emissions from railroad
rights-ol-way in urban arcas that could not reasonably be met by measures such as noise burriers,
Such a standard, would, in efTect, require modilications to trains even though they met the Federal
standards, and would be preempted under Subsection 17(¢)(1). It could not stand if it differed
from the Federal standards, unless the Administrator made the determinations specified in Sub-
section [ H{c)2). The same would be true of any State or local standard on railroad yards that
could not reasonably be met except by modifying locomotives or railroad cars to comply with the
proposed Federal standards,

State or local use or operation regulations directly applicable to noise cmissions resulting from
the operation of Federally regulated equipment and facilities can, of course, stand if the Adminis-
trator makes the delerminations specified in Subsection | 7(c)(2) regarding them.

State or local noise emission standards directly applicable to noise emissions resulting from the
operation of Federally regulated equipment and facilities may also stand without any special detet-
mination by the Administrator il those standards are identical to the Federal standards. By adopt-
ing such identica! standards, States and their political subdivisions can add their enforcement
capability to that of the Department of Transportation, The Environmental Protection Agency
recammends and encourages sucti adontion of slandards identical to the Federal standards.
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SECTION 2

DATA BASE FOR THE REGULATION

The program for compiling dats on train noise began with a search for already cxisting datu,
By compiling the existing data, it was possible to avaid 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 perlinent measurements. Pub-
lished accounts of measurements in Europe and Asia were considered along with the accounts of
measurements in the United States and Canada, A bibliography of relevant articles appears after
Section 9,

Much of the needed data was obtained under contract by acoustical consultants, Some data
were obtained through informal communication with members of the scoustics community to i
obtain unpublished accounts of measurements and proceedings of appropriate seminars, Leaders
in the engincering departments of the two locomotive manufacturers that remain in business
(Electro-Motive Division of General Motors—EMD, and General Electric~GE) were ulso interviewed

£ in order to ascertain the extent of their data files, as well a5 to determine what problems may be
created by attempts to control locomotive noise, At g meeting hosted by the Association of
American Railrosds, EMD and GE engineers reported measurements of locomotive noise and dis-
cussed some possible effects of locomotive noise controls. Three leading muffler manufacturers
(Donzldson, Harco Engineering, and Universal Silencer) were contacted in order to evaluate the
feasibility and the impact of fitting locomotives with exhaust mutflers,

Railroad company personnel who worked in various capacities at various levels were contucted
in order to determine the mix of cquipment used by railroads, the configurstions of properties and
equipment, scheduling of operations, and modes of operation. In particular, yard masters, yard
superintendants, or engineering personnel were contacted to obtuin information about yard configu-
ration, luyout, and equipment, Railroad personnel were asked for information related to schedules
and speeds of trains. The railrond companies that participated are listed in the bibliography at the
end of this report.
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SECTION 3

THE RAILROAD INDUSTRY

ECONOMIC STATUS

There are currently 72 Class I railroads in the U.S.* These tend to break down into two
groups: large transportation companies such as the Unien Pacific or the Penn Central and railroads
that are owned by large industrial firms such as U.S, Steel. The latter roads primarily provide trans-
portation services to the **parent company.” Since railroads are regulated by the Interstate Com-
merce Commission (ICC), the degree of competition is also regulated. The size of the firms has in
many cases been determined by whether the [CC has allowed or disapproved mergers. Most large
roads have grown through mergers. In addition, the financial power of some roads results from
their nontransportation activitics. .

The tatal 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
originated in the transportation sector; by 1968 this figure declined to 3.8% und has remained at
about that level. This trend reflects the higher relative growth rates [n those industries that require
a smuller transportation input,

The rail industry has been declining even more rapidly than the transportation scctor, [n 1950
the ruil 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 stotistics.™*

Accompanying the decline in the rait 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 ull freight, dropping to 44.7% by 1960 and 39.9% by 1970, Motor carriers and oil
pipelines have rapidly increased their share during this period, Air freight 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 rail, the total volume of freight hauled by rall 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.

*Cluss | railroads are those having annual revenues of $5 million or more., They account for 99%
of the national freight traffic.

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

NATIONAL INCOME ORIGINATING IN THE TRANSPORTATION AND RAIL SECTORS ~—
($ In Billions) ﬁ
Transportation
National as % of Rail as % of
Year Income Transportation National Income Rail Transportation
1950 2410 $13.4 S.6% $7.1 53.0%
1960 414.5 18.2 4.5 6.7 36.8
1965 564.3 232 4.1 7.0 30,2
1968 712.7 2.1 3.8 7.0 25.8
1969 769.5 29.2 3.8 7.4 253
1970 795.9 0.5 3.7 7.2 24.4
TABLE 3-2
INTERCITY FREIGHT (In Millions of Ton Miles)
Total Freight Rail Frcgg.hl Motor _Oil_ Inland
Volume in in 10% Rail Vehicles Pipelines | Alr Water
Year | 100TonMiles | Ton Miles % % % % %
1940 651.2 411.8 63,2 9.5 91 002 18.1 e
1956 1376.3 677.0 49,2 18,1 16.7 04 16,0 .
1960 1330.0 594.9 44.7 21.5 17.2 .06 16.6
1965 1651.0 721.1 43.7 21.8 18.6 A2 15.9
1968 1838.7 765.8 41,2 21.6 21,3 16 15.9 ;
1969 1898.0 780.0 41.1 21.3 217 A7 15.8 :
1970 1921.0 168 39.9 21.44 22.4 .18 15.98

Rail passenger service declined from 6.4% of intercity travel in 1950 to less than 1% in 1970,

The veal impact of railroads on the national economy is in terms of freight rather than passengers.
The decline of the rail industry’s share of the trunsportation sector is less dramatic when passenger

service (uir, locul, suburban, and highway) is climinated from caleulations. Tuble 3-3 gives the

transportation sectors’ percentage contributions to pational income, less the passenger sectors men- '

tioned above, and the rail industry's percent of the transportution scector,
From comparison of Tables 3-1 and 3-3, it can be seen that the {reight sector has declined more ‘

rapidly than the total trunsportution sector, It can also be scen that the railroads’ decline is some- ; :

what less dramatic in terms of freight alone than in terms of both freight and pussenger service,

32
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TABLE 3-3
PERCENT OF NATIONAL INCOME ORIGINATING IN THE
TRANSPORTATION SECTOR (LESS AIRLINE AND LOCAL
SUBURBAN AND HIGHWAY PASSENGERS) AND THE
RAIL SECTOR AS A PERCENT OF TRANSPORTATION

Railronds
Transportation® {Adjusted) as % of
as b of Transportation
Year National Income (Adjusted)
1950 4.8% 61.7%
1960 3.7 44.1
1965 3.3 376
1968 3.0 33.0
1969 3.0 323
1970 2.9 Not
Available

*Transportation minus alr carriers and local suburban and highway passengars,

EMPLOYMENT

The raiironds’ importance as a source of employment within the economy has decreased along
with their shate of the nation’s trunsportation output. In {950 the railroads accounted for 2,7% of
gll employees in nonagricultural establishments, By 1970 this had fallen to fess 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 sector have consistently been above the average of all manufacturing employees
and this differential has increased over the years. In 1950 the average hourly compensation in the
rail sector was $1.60, which was 110% of the average hourly compensation in manufacturing. In
1968 average compensation was $3.54, or 118% of that in mznufacturing. By 1971 rall 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 sector. 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 ull railroad employees was 109.9" while in manufacturing it was 111.6
(using a 1967 buse of 100), Table 3-5 summarizes the wage and productivity data,

*Computed on the basis of revenue per man hour,
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TABLE 3-4 o~
EMPLOYMENT IN THE RAIL INDUSTRY !
RELATIVE TO THE NATIONAL ECONOMY i

34

National Employees !
in All f
Nonggricultura) Raitroad Raitroad
Establishments Employment as % of :
Year (1000) (1000} National : |
1950 45,222 1220 2.7%
1960 54,234 780 1.4 !
1965 60,815 640 1.1 !
1968 67,915 591 9 ‘ _
1969 70,274 578 B P
1970 70,664 566 8 :
]
|
TABLE 3-5 '
INDEX OF QUTPUT PER MAN HOUR AND WAGES
(1967 = 100} |
f
’f-‘.
Manufacturing Rail Manufacturing b
Year Rail Wage Wape Productivity Productivity !
1930 41.5 44,7 42,0 64,4 '
1960 74,3 76.6 63.6 79.9 , |
1965 88.9 91.2 90.8 98.3
1968 106.3 107.1 104.4 104.7
1969 113.6 1139 109.3 107.7
1970 125.6 121.6 109.9 116.6 !
I
f
The fact that productivity increases have not kept pace with wage rate increases indicates I
that unit lubor cost is rising. P
In the years sinee 1970, wages in the rail industry have, as fn most industries, increased ruphdly. 3
The index of wages in 1971 was 136.8;in 1972, 136.8; und in 1973, 165.4 (estimated)., {
b
HEALTH OF THE INDUSTRY [
There are a number of measures one might use to judge the “heafth" or financial stability of 1 ‘
the rail industry. Two of these are the rate of return on stockhalders® cquity and the percent of |
e
(L
%
i
!
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revenue carricd through to net operating revenue. Sharchelders’ equity is the excess of assefs over
linbilities, which is equal to the book value of capital stock and surplus.

In 1971 the rate of return on stockholders’ cquity Tfor all manufacturing firms was 10.8%. The
rates of returns in some selected industries are as follows:

instruments, photo goods, cte, 15.8%
glass products 11.1%
distilling 9,9%
nonferrous metals 5.2%

The rettirn for the total transportution sector was 3.1%. Railroads showed a 2,1% on stockholders'
cquity, slightly above the airlines’ 2.0%.

The rate of return on stockholders' equity increased from 1,3% in 1971 1o 3.0% in 1972, The
use of industry dita, 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 und Western Districts hud positive and increasing rates of returns, The Southern
District showed an increase rom 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 {ransportation and are ubout equal to the textile
and paper industries,

These trends indicate that the problem in the rail industry is not with all districts but primurily
with roads in the Eastern District, Using operating ratios®™* as the measure of financial stability,
one draws the seme conclusions,

The historical trends in the profitability of the industry can be measured by the percent of
gross revenue that is carried through to net operating income before Federa! income taxes. This
measure is similar to the rate of return on sales before taxes. For the industry us a whole, the per-
cent of gross revenue carricd through has been declining, This is also true of each district, with the
Eastern being the worst. Table 3-6 summurizes these trends,

Although the rail industry performs poorly when compared with other industrics, the per-
formance of the Southem and Western Districts is much better thun the Eastern, 1n tfact, one would
conclude that compared 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 telegraph companies (9.5% return on
stockholders' equity), the railroads’ rate of return is low. One point that should be made is that
railroads follow & “betterment™ accounting procedure, which tends to overstate the value of their
assets, We have not attempth to adjust rate of return in the rail industry to reflect this.

*NBecause the milroads 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
to those used in the nonreguluted sector,

**Operating ratio equals operation expenses divided by operating revenues.

3.5
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TABLE 3-6 o~
PERCENT OF GROSS REVENUE CARRIED THROUGH
TO NET OPERATING INCOME BEFORE FEDERAL INCOME TAXES

All Class | Southern Eastern Western
Year RR's District District . District
1950 17.3% 20.1% 12.0% 19.8%
1960 8.3 10.7 2.1 10.0
1965 11.0 12.1 10.0 11.6
1968 6,9 11.0 3.7 8.4
1969 6.6 12.1 2.7 8.0
1970 4,2 1.8 Nil 7.1
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 and State funding of highways has improved the competitive
position of trucks and has led to the diversion of high-valued freight to motor cartiers,

In 1935 when motor carriers came under Interstate Commerce Commission regulation, the
value-of-service rate structure applied to railroads was also applied to motor carriers, (The value-of- :
service rate-making policy was originally applied to railroads in order to faver agricultural products.

Under value-of-service rates, law-valued products have a lower rate per ton mile than do high-value
products.*} This measure reduced intermodal price competition and in fact gave an advantage to
trucks in carrying high-valued freight when they could give faster service. Railroads were unable to
lower prices on this type of freight, which could have offset the faster service offered by trucks. A
cost-based rate structure would probably allow railroads to recapture a larger share of the freight
market,

The eastern roads, while subject to the sume problems as the remainder of industry, have some
additional ones. The decline of some manulacturing industrics in the East has led to a more intense
finuncial crisis among castern roads, Also, their capitsl stock tends to be older and probubly in
poorer condition thun that of the other rouds. They spend a larger portion of total cost on yard
switching than do either southern or western roads, probably becuuse there are shorter hauls and a
larger number of interchanges among roads. Since shippers pay for movement from one point to
another {i.e., rate per mile), the competitive position of railrouds tends to be diminished if these

*Thuese points are examined in an article by R.H, Harbeson in the 1969 Journal of Law and Eco-
namies, pp, 32 (=338,
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nonline-haul expenses rise. The greater yard-switching costs may also indicate that the quality
ol service in the East is lower than in other regions, Having rail cars sit in switching yards waiting
for a train to be made up results in longer time in transit,

GROWTH

In projecting growth rates in any industry, one must assume to some extent that historical
trends wnd reletionships will continue to hold in the future. If these relationships do continue, then
we might project rail freight based on projections of other fagtors, For example, we can project
rail freight service on the basis of population or gross national product, 1f the populetion continues
to consume similar commaoditics, if these commodities move by the same modes of transportation,
and il inereases in income are ignored, then projections based on accurate population projections
will be valid,

The ton miles of railroad freight per capita in the U.S, has remained quite stable over the past
five years. It was 3.73in 1965, 3,77 in 1968, and 3.75 in 1970. Given this stability, short-run
projections based 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 yuars is estimated. This would mean
an increase from 768 million ton miles in 1970 to about 822 million ton miles jn 1975,

The rail industry’s contribution to national income las remained relatively constant over the
period from 1968 to 1970 at about 1%, The long-run rate of growth in GNP has been about 3,5%.
Again, under the assumption that these historical relationships hold, the long-run growth shouid be
around 3.5%.

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

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

*Rusiness Week, MeGraw-Hill, Ine,, 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 lrom incoming trains and assembling
them into appropriate outgoing trains, A locomotive pushes a string of cars up a 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 ¢ train is being assembled, As cach car rolls down the hump, it
is first slowed by the “master” retarder. The slowing, or retarding, is accomplished by metal beams
that squeeze the wheel of the rail car. After the cors leave the master retarder, they coast {nto a
switching arca that contains many tracks. As cach car is switched onto a particular track, it is
slowed by a “group” returder. After a car moves out of a group retarder, it Is switched onto one
ol many (approximately 50) tracks in the “classification" area 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 classification grea along a particular track is stopped by an “inert' retarder, so-called
becausc the reteining beam is spring-loaded and requires no external operation. Inert retarders
differ from the master and group retarders, which are controlied continuously by an operator or
automatically by a computer,

All three of the refarding processes described pbove sometimes 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 u string of cars is pulled through the

retarders. I the inert retarders are short and exert smail forces, they may generate nolse that is
negligible compared with the noise gencrated by the group retarders. Some yards are equipped with
inert retarders that can be manually or automatically released when a string of cars [s pulled through
them, thereby preventing retarder squeal, There are no inert retarders in some yards, so a man must
ride some cars and brake them manually.

Noise is also produced when cars couple in the classification area of the yard. The impaet
points, and thus the origing of the noise, are scattered over the classification yard. The noise is
impulsive, and sometimes it is folfowed by a thunderlike rumble that is sudible for a couple of
seeonds after the impact,
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Locomotive engines generate noise as the locomotives move cors around yards, When the
locomotives are not in use, their engines are altowed to idle continuously (even overnight), which
also results in significant noise. When the locomotives are in motion, their horns, whistles, and
bells produce noise,

Some noise ariginates in the yard shops where locomotives and cars are repaired and maintained,
Power tools and ventilation funs represent such sources. However, the most readily identifiable
sourges of shop noise are the locomotives themselves when underpoing testing,

Most yards are 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 @ given speaker {ssues sound on an unpredictable schedule.

Line, or wayside, noise—the noise in communities from passing trains—is comprised of many
sources. The locomotive engine and its other components, such as cooling fans, generate high noise
levels, The interaction of railroad car wheels with rails also results in significant noise, Wheel/rail
noise is caused principally by impact at rail joints, giving rise to the familiar “clickety-clack,” and
by small-scale wheel and rail roughness. A severe form of wheel roughness that generates high noise
levels is caused by Mat spots developed during hard braking. Also, wheels squeal on very sharp
curves and generate noise by flunge-rubbing on moderate curves, The operation of such nuxiliaries
as refrigeration equipment alse contributes (o the overall noise level, Homns or whistles are blown
at crossings and are Jouder than the other wayside noises. In addition, seine crossings are equipped
with stationary bells that sound before and during the passape of trains,

The remainder of Section 4 treats cach of the noise sources mentioned above separately and in
as much detail as the state ol the art allows, Included in the dizcussion of each source is # descrip-
tion of abatement techniques,

CONSIDERATION OF RAILROAD NOISE SOURCES FOR FEDERAL REGULATION

Many railroad noise problems can best be controlled by measures (hut do not require national
uniformity of treatment to facilitate interstute comumerce at this time, The network of railroad
operations is embedded into every corner of the country, including rights-of-way, spurs, stations,
termninals, sidings, marshallng yards, maintenance shaps, ete, Protection of the environment for
such a complex and widespread industry is net simply a problem ol modifying noisy equipment;
it also gets inte the minutise of countless daily operations at thousands of locations across the
country. The environmental impact of a given operation will vary depending on where it takes
place, for example, whether it occurs in a desert or adjacent to a residential arca. For this reason,
state and local suthorities arc better suited than the Federal government to consider {ine details
such us the addition of sound insulation or noise barriets to purticular facilities, the localion of
noisy equipment within those facilities as far as possible [rom noise-sensilive arcas, cte. There is
ne indication at present that differcnces in requirements far such measures from place to place
imposc any burden an interstate commerce, At this time, therefore, it appears that national
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uniformity of treatment of such measures is not needed to facilitate interstate commerce, and
would not be in the best interest of environmental protection,

However, since the national efTert to control noise has only just begun, it is inevitabie that
some presently unknown problems will come to light as the effort progresses. Experience may
teach that there are better approaches to some aspects of the problem than those that now appear
most desirable, The situation may change so as to call for a different approach, Section 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 cquipment and facilities of inter-
state railroads, I in the future it appears that a different approach is called for, cither in regulating
mere equipment and Facilities, or fewer, or regulating them in a different way or with different
standarids consistent with the criteria set forth in Section 17, these regulations will be revised
accordingly.

The Administrator has considered the loltowing broad categories of railroad noise sources in
order to identify those types of equipment and fucilities that require national uniformity of treat-
ment through Federzl noise regulations to facllitate interstate commerce:

Office Buildings

Many, if not all, surfuce carrjers engaged in interstate commerce by railroad own and operate
office buildings. These buildings are technically **facilities” of the carriers. Like all office buildings
they may emit noise from their air conditioning and mechanical equipment. But since each building
is permanently located in only ene jurisdiction and is potentially subject only to its regulations, jt
is not affected in any significant way by the fact that different jurisdictions may impose different
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 national uniformity of treatment of these facili-
ties, and they are therefore not cavered by these proposed regulations,

Repair and Maintenance Shops

Railroad repair and maintenance shops are similar in many ways to many nonrailroad indus-
trial facilitics, such as machine shops, foundries, and forges. All such facilities can reduce their
noise impact on the surrounding community by a vareity of measures including reduction of noise
emissions at the source, providing better sound insulation for their buildings, erecting noise barriers,
buying more land to act as a noise buffer, scheduling noisy operations at times when their impact
will be least severe, or simply moving noisy equipment to locations more remote from adjoining
property, Such detailed and highly locatized environmental considerations are best handled by
locat awthorities, Like office buildings, shops are permanently Tocated in only one jurisdiction and
thus are not potentially subject to differing or conflicting nulse regulations of other jurisdictions,
At this time, therelore, there appears to be no need for national uniformity of treatment of these
fucilities, und they are not covered by these proposed regulations,
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At times, railroszd meintenance shops may contitin major noise sources that do reqhire national
uniformity of treatment, such as Jocomotives. But the fact that some such individual noise sources
within a shop may be subject to Federal noise emission regulations is frrelevant to the validity of
State or local noise emission regulations applied to the shop ns a whole, ns long as the State or local
regulation on the shop can reasonably be complied with without physically affecting the Federally
regulated poise source within the shop (for example, by installing sound insulation in the shop build-
ing). This will be discussed further in the section on preemption below,

Terminals, Marshaling Yards, and Humping Ynrds

Like office buildings and shops, railroad terminals and yards are permanent installations nor-
mally subject to the envirenmental noise regulations of enly 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 euthorities. These include
measures such as building noise barriers around noise sources (for example, retarders), buying land
to act as a noisc buffer, locating noisy equipment as far as possible from adjacent noise-sensitive
property, and reducing the volume of loudspeaker systems or replacing them with two-way radios.
At this time, there appeats to be no need for nationgl uniformity of treatment of these tacilities,
und they are not covered by the proposed regulations.

Like railroad maintenance shops, marshaling and humping yards contain some noise sources
that are covered by the proposed regulations. As is discussed in greater detail in the preamble to the
proposed regulations, a State or local nojse regulation on a railrouad terminal or yard is in effect o
regulation on the Federally regutated noise sources within the terminal or yard when it can be met
only by physically altering the Federally regulsted noise sources.

Track and Right-of-Way Design

Some steps can be taken to reduce noise emissions from railroad rights-of-way that do not in
any way affect the operation of trains on the rights-of-way, such as speed limitations and the
erection of noise barriers. State and local governments are much bedter 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 areas does not at this time appear to impose
any significant burden on inlerstate commerce, There is at present no need for national uniformity
ol treatment of such noise abatement techniques, and this soutce is therefore not covered by these

regulations.

Hlorns, Whistles, Bells, and Other Warning Devices

This type of noise is different in nature from most railroad noise since it is intentionally
created to convey information to the hearer. Railroad horns, whistles, bells, ete, are regulated at
the Federal and State levels as safety devices rather than as noise sources. Federal safety regulations
ate confined to the inspection of such devices on locomotives, 50 as to ensure that, if present, they
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are suitably tocated and in good working ovder (Safety Appliance Act, 45 USCA;49 Code of
Federal Regulation, 121, 234, 236, 428, 429). State reguintions are oriented toward specifying the
vonditions of use of these devices and, for the most part, do not speeify any maximum or minithum
altowable noise level Tor them. A recent survey of the 48 contiguous States (reference APP G) has
revealed the following:

1. Atleast 43 States require that trains must sound waming signals when approaching public
Crossings,
35 of these States specify some minimum distance from o public crossing at which a train

(e8]

approaching that crossing may sound a warning signal.

3. 3 States specify a maximum distance from a public crossing at which a train approuching

that crossing may sound a warning signal,

4, 35 Stutesspecify that these warning signals must be sounded until the train reaches the

crossing.

S. 3 States specify that these warning signals must be sounded until the train completely

clears the crossing,.

6. 16 States provide for exceptions to their regulations for trains operating in incorporated

ureus,

7. At leust two States provide Tor exceptions to their regulations for trains approaching

public crossings that are equipped with satisfactory warning devices.

Two frequently proposed solutions to eliminate the need for trains to sound warning devices
when approaching public crossings are:

I.  Eliminate all public grade level railroad crossings,

2. Install active protection systems (e.g., fasher-gate combinations) at all public grade level

railroad crossings.

This first solution would be the most effective since it would eliminate the source of the
problem, the public grade level railroad crossing. However, it would be extremely costly because
it would involve the elevating or depressing of either the railroad line or the public thoroughfare at
each public crossing. This solutien may be infeasible for solving existing conditions but it should
be seriously considered in all future public theroughfare or railroad line construction projects.

The sccond solution, although it does not attack the source of the problem, docs seem to be
an effective protection measure in that it could eliminate the need for the sounding of warning
signals by traing epproaching public crossings. This solution has its drawbacks, however, Flasher-
gate-type devices cost $30,000-840,000 with some installations costing up to $60,000, In the
State of 1llinois there are 16,250 grade level crossings of which 1,625 have flasher-gate protection
devices. To outfit the remaining 15,000 crossings with these devices in that state alone would cost
$450 million or more. The nationwide cost of this solution would be prohibitive.

Since train horns, whistles, bells, etc., are designed to emit a great deal of noise in the interests of
safety, and since any regulation restricting the nolse output of these devices could be construed as
contrary te these Interests, no regulatory action affecting these devices is belng proposed at this time.
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IFram the information presented above, there seems to be a definite need to develop cheaper
and more effective warning devices it public railroad crossings so that the use of train horns,
whistles, bells, ete., cun be minimized.

Traing

Unlike the categories of raflroad equipment and faciities discussed above, train noise is poten-
tiadly subject to the noise regulations of more than one jurisdiction. Trains are constantly maving
from one jurisdiction to anather, and it is not feastble to have them stopped at every political
boundary and adapted to meet 3 different noise standard, Moreover, they constitute a major
source of noise to people ¢lose to railroad rights-of-way. The various sources of train noise (other
than warning devices) are therefore covered by these proposed regulations in order to fucilitate
interstate commerce through national uniformity of treatment of their controt,

CHARACTER OF RAILROAD NOISE SOURCES AND ABATEMENT TECHNOLOGY

Locomative Noise

The major poise-producing mechanism in diesel locomotive operations are engine exhaust,
engine casing, cooling fans, and wheel/rail interaction. The levels of sound power generated by
these mechinisms depend on a number of variables, partictlarly engine type, mechanical power,
and throttle setting.

Three types of engines are currently in use: 2-stroke Rootes blown, 2-stroke turbocharged,
and 4-stroke turbocharged. A turbochurged engine produces ubout 50% more power than does a
Rootes blown engine, The number of cylinders on a diesel enpgine may be 8, 12, 16, or 20, with
each cylinder having a displacement of 650 cu in, Each cylinder praduces 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 to shunt cars around the railroad yard
and is powered by engines of under 1500 hp, and the road locomotive, which is used primarily for
long hauls and is powered by engines of 1500 hp or more,

A diesel locomotive engine drives an electric alternator that produces clectricity to run the
electric traction motors attached to each axle ol the tocomolive. The rated power af the enging
is the maximum clectricul power delivered continuously by the alternator. Fhe engine has eight
possible throtile settings, As cun be seen in Table 4-1, engine power und poise levels increase with
throttle position. The data in this table are taken from a presentation given at the American Associ-
ation of Railroads (AAR) mecting in August 1973 by the Electro-Motive Division (EMD) of General
Motors Corporation and were developed from a study of load cycle information for u number of
U.S. roilroads. OF the approximately 27,000 locomatives in service on major railroads, about
20,000 were built by EMD. The percent of horsepower and percent of time given {or each throttle
position are 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,
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TABLE 4-1
EFFECT OF THROTTLE POSITION ON
ENGINE POWER AND NOISE LEVELS

% ol Rated % ol Time at dB(A) at
Throttle hp lor Throttle Position 100 Ft for
Paosition* Diesel Engines Road Loco Switcher 2000 hp Engine
Idte 0,751 41 77 69.5
| 5 3 7 72.0
2 12 3 8 74.0
3 23 3 4 71.0
4 35 3 2 80.0
] 51 3 l 84.5
6 66 3 - 86.0
7 86 3 - 87.5
8 100 30 1 89.0*

* . . .
Three cooling fans were operating during measurament for throttle pasition 8, only one
fan far other measurements.

tLocamotive auxiliary hp only—nao traction,

As in Table 4-2, all measurements discussed in this section are A-weighted levels obtained by
meauns of a microphone placed slongside a locomotive and referred to 100 ft, unless otherwise
noted, Details of the measurement procedures are given in Appendices A and B,

Duting the course of this study, sound level measurements were made  on individuat locomo-
tives at different power settings during load cell or dynamic brake testing. The results of these tests
are shown in Table 4-2,

From the sample of Jocomotives measured at idle the range of sound level ¢emission was 16.5
dB(A) with the maximum sound level sampled being 79 dB(A). Similarly, at the full power condi-
tion the range of sound level emissions was 7.5 dB(A) with a maximum level of 93 dB(A).

For purposes of sepurating the contributions of various camponents to overall engine noise
levels, we have used the prediction schemes employed in the Department of Trunsportation Report
of 1970.

The predictions involve (1) determining the mechanicul power und type of engine required to
perform a given task, (2) determining the thrattle setting required to perform a given task, and
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Locomotive Make  Horse-

TABLE 4-2
LOCOMOTIVE NOISE LEVELS

A-Weighted Sound Pressure
Level at 100 Ft

Full Power

Full Power

Reference No,

(See End

. and Type___ power Idle Load Cell  Dynamic Brakes _of Section)
EMD-F7A 1500 66 86 - 1 (50 Mt-6dB)
EMD-SW1500 1500 69 92 - I (50 ft-6dB}
EMD-GP40-2 3000 70 B8 1 (50 ft-6dB)
EMD-GP40 3000 - g9]1* - 1 (50 ft-6dB)
EMD-SD45 3600 e B6.5* - 1 (50 ft-6dB)
EMD-SD435 3600 - 8o+ - 1 (50 (1-6dB)
EMD-SD45 3600 - o0* - 1 (50 ft-6dB)
EMD-SD45 3600 - 93+ - I €50 it-6dB)
EMD-GP35 2500 79 92 - 2 (200 ft+6dB)
EMD-SW 1500 1500 - 93 - 3
EMD-SW 1500 1500 - 84.5 - 3 (wipre 60
muffler)
EMD-GP/SD-38 2000 - 91.5 - 3
EMD-GP/SD-40 3000 72 89.5 - 3
EMD-SD-45 3600 - 90.5 - 3
GE-U30 3000 - 86 - 4 (50 fi-6dB)
GE-U25 2500 - 86 - 5 (50 ft-6dB)
Switcher - 62.5 - - 5
Switcher - 63.5 -- - 5
Switcher - 645 — - 5
Switcher - 66.5 - - 5
Road - 65.5 - - 5 e
Road - 66,5 - - 5
Road - 67.5 - - 5
Road - 71.5 - - 5
Road - 71.5 - - 5
Roud - 72.5 - - ]
EMD-GP-7 1500 64 88 - 6
EMDSD-35 2500 69 86 - 7
GE-U36B 3600 68 - 91 7
GE-U36B 3600 67 - 93 7
EMD-GP38 2000 66.5 B8.5 - 7
EMD-GP-38 2000 67 - BR.5 7
Gl-U3sB 3600 66 - o0.5 7
GE-U36B 3600 66 8S5.5 7
GE-U36B 3600 4.5 90 7
GL-U3a6B 3600 05 . R9.5 7
EMD-GP40 3000 64.5 88 - 7
EMD-GP40 3000 09.5 B8.5 - 7
EMD-GP40 3000 67 85.5 - 7
EMD-GP40 3000 68,5 88 - 7
EMD-GP40 3000 67 88 - 7
Runge 16,5 7.5 7.5
Mean 67.5 88.7 89.7
Standard Deviation 3.305 2.484 2325
*Measured at Waysido
o
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(3) converting from engine type and throttle setting to sound level. The expression for unmuffed

diesel exhaust noise is
dB(AYat 100 £t =92+ 10 log (hp/1500) - 3 (8-throttle settings) — T

where T is 6 for turbocharged engines and 0 otherwise. As can be seen in Figure 4-1, the predicted
exhaust noise tevel for an EMD F7A locomotive at cach throttle setting is very close to the measured
total noise level. This result agrees well witht the asswmption that engine exhuust is the dominant
source mechanism in locomotive noise. A similar expression is used in Ref, 4 to predict the contri-
hution of casing-radiated noise,

Tuble 4-3 gives the exhaust and casing noise Jevels predicted by the techniques in Rel, 4 fora
number of locomotives as well as total noise measurements made by BBN, EMD, and GE. The
measurced data were gathered while the locomotive was stationary and under full load (throttle
position 8) on a test eell. The engine was loaded by leeding the electric current into a resistor bank.

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 fevel of casing noise is considerably
tower than exhaust levels, an exhaust muffler could provide substantial reduction in total locomotive
noise. For larger locomotives, exhaust muffling alone cannot reduce overal! levels as much.

.

dB{a)

EMD F7A ;
(1500 hp, not turbo charged)

85

6o

%

10

OVERALL- SOUND LEVEL IN
REFEF:RED TO 100 £T.

; 65
: " 2 3 4 8 & 71 8

THROTTLE SETTING

L

Figure 4-1. Measured Total and Predicted Exhaust Noise Levels
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COMPPARISON OF PREDICTED AND MEASURED NOISE LEVELS AT 100 FT
FOR YARIOUS EMD AND GE LOCOMOTIVES IN THROTTLE POSITION 8

TABLE 4-3

Predicted | Predicted
Mechanical Power Exhaust Casing Measured No, of Spread
and Type db{A) db(A) db(A) Samples db(A) Source

EMD 1000 hp

Switcher 90 78 - 0 - -
EMD 1500 hp

Switcher 92 80 93 2 t] BBN
EMD 2000 hp

Road Locomotive 93 81 89 2 £2 BBN
EMD 3000 hp

Roud Locomotive 89 83 89.5 1 - EMD
GE 300 hp

Road Loconotive 89 85.5 86 1 - GE
EMD 3600 hp

Rouad lL.ocomaotive 20 84 89 4 +3 BBN
GE 3600 hp

Road Locomotive 90 86.5 - 0 - -

The average overal] noise level for the EMD locomotives at 100 £t is 90 dB(A) 24 db{A), where
the variance includes allowances for all possible measurement and locomotive differences, for
example, different observers and different test sites. The GE meassurement for its 3000 hp loco-
motive is 86 dB(A) £3 dB(A), again 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 risc about 6 in. above the hood, while on EMD locomotives the stacks are flush with
the hood and radiate sound more efficiently.

In addition to exhaust and casing noise, the noise from cooling fans may be significant. Fig-
urz 4.2 shows that the noise from an EMD GP-40-2 3000 hp locomotive measured 9 dB(A) higher
with three cooling fans running than with no fans running. Since it was necessary to open the
engine access doors during the measurements, the recorded Tevels are somewhat higher than would
be generated under normal operating conditions, However, there js little doubt that cooling-fan
operation can contribute significently fo overall levels, The fans on GE engines run continuously,
thus contributing to total noise level under all operating conditions. Fans on EMD locomotives are
thermostatically controlled and run infrequently.

In summary, the major components of locomotive noise are, in order of significance, engine
exhuust noijse, casing-radiated noise, cooling fan noise, and wheel/rail noise. Table 4-4 shows
average levels in dB(A) ut 100 £t for each of these sources, Other sources, such as engine air intake,
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i Figure 4-2. Effect of Fan Noise on the A-Weighted Spectrum of EMD GP40-2 Locomotive Noise
at 55 It (Engine Access Doors Open}

TABLE 4.4
SOURCE CONTRIBUTIONS TO LOCOMOTIVE NOISE LEVELS
(Based on Prediction Techniques of Ref, 4)

dB{A)at 100 Ft
Source . (Throttle 8)

Exhaust ' 8693
Casing 80~ K5.5
Cooling Funs 80 -84
Wheel/Rail } Locomotive only 78
at 40 mph Total train 8!
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traction motor blowers, and the traction motors themselves, have noise levels too far below the
othier source to be identificd. Also, Rootes blown engines have a very unpleasant **bark” which does
not show up in any generally used method of measurement,

Locomaotive Noise Abatement via Equipment Madification

Mufflers

Since locomotives contribute most of the noise of ruilroad operations and since exhaust noise
dominated locomotive noise, the first step in reducing locomotive sound levels is to require that
cach locomotive be fitted with an cffective mulfler, This section containg muffler manufacturers’
estimates of various Tactors affecting the feasibility of supplying hoth new and in-service loco-
motives with mufflers.

One such factor is the amount of back pressure a mulller creates. Back pressures on the engine
may affect its performance and life 1o a small extent. The engine must pump against the back pres-
sure, thercby reducing the power that can be distributed to propel the train. Normally, this degrada-
tion in performance is about 1% when back pressures are held within manufacturers® limits, Buck
pressure may shorten engine life because when gases with increased temperature and density exhaust
into « region of high pressure, they raise the temperature of exhaust valves and turbochargers, The
following information on back pressure and its effects was determined by mulfer manufacturers.

Enging Type Back Pressure Effeet
Rootes Blown 47.5 in. H20 measured at engine
exhuaust port :
Turbocharged 5 in. HA0 measured at exhaust 10°C rise in turbocharger
stack _ temperature

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

Mufflers have no appreciable effect on exhaust emissions; muffler-equipped locomotives pive
off insignificant incremental amounts of NOx, CO, and smoke [EMD (1973)], One potentisl prob-
lem munufacturers want to investigate further is that condensed, unburned hydrocarbons might
give rise to a stack fire, This has never occurred on locomotives having muftlers, although it hus
happened on statjonary installations,

Three manufacturers with some expetience in fabricating mufflers for locomaotives have been
contacted and are prepared to help the railroads comply with the proposed regulations: Donaldson
of Minneapolis, Minn.; Harco Engincering of Portland, Ore.; and Universal Silencer of Libertyville,
I, The following are these manufacturers' estimates of the attenuation that could be achieved
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oy with their mufflers, the approximate cost of the mufflers alone, without any allowance for installa-
tion, and the amount of back pressure they create.
Donaldson has had some experienee with the Chicago and Northwestern Railroed in equipping
4 locomolive with an of -highway truck type of muffler. The results were:
Mufiler Cost — approximately $800 for {wo mufflers
Back Pressure —  further testing necessary
Flarco Enginecring has achieved the following results for a switcher locomotive. The muffler is
fitted to a Harco spark arrester.*
Attenuation —~  approximately 5 dB(A)**
Muffler Cost -~ 3§75
The results for road locomotives are:
Raures Blowa:

Attenuation —  approximately 10 dB(A)Y**
Muffler Cost - %750
Turbocharged:
Attenugtion - approximately 10 dB(A)**
Muffler Cost - $1000
Back Pressure -~ 13-20 in. Ho0(EMD claims that the back pressure is too high)

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

r’“} Attenuation —  9-10dB(A) at full power
Muffler Cost —  approximately $1200
Back Pressure  —  3in, HyO

The estimated overall noise that would result from equipping various locomatives with muf-
flers that give 5 dB{A) and 10 dB(A) attenuation in throttle B is indicated in Table 4-5.

Muffler manufacturers have said that they could supply fully developed and tested muffler
systems for all locomotives by the following dates,

HARCO
Switchers 1 January 1974
Road I January 1976
DONALDSON
All types I January 1976
UNIVERSAL SILENCER
Turbocharged Locos 1 January 1976
Rootces Blown 1 January 1977
Switchers | January 1978

*From EPA Docket 7201001, No, R007.
**This measurement was performed by the manufacturer.
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TABLE 4-5
LOCOMOTIVE NOISE LEVELS EXPECTED FROM EXI1AUST MUFFLING, THROTTLE 8

5 dB(A) Exhaust Mulfling 10 dB(A) Exhaust Muffling
Total Noise Total Total Nojse Total
Level Attenuation Level Attenuation
Locomative Type IdB(A)] [dB(A)) (dB{AY] [dB{A)}]

EMD 1000-hp Rootes Blawn

Switcher 86,0 4.0 810 8.0
EMD 1500-hp Rootes Blown

Switcher %8.0 4.0 84.0 8.0
EMD 2000-hp Rootes Blown

Road Locomotive 89.0 4.0 85.0 8.0
EMD 3000-hp Turbocharged

Road Locomotive 86.5 3.5 84.5 5.5
GE (or Alco} 3000-hp

Turbocharged Roud ,

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 87.5 4.0

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

EMD
Turbocharged
Rootes Blown
Switchers

GE
Turbocharged

| January 1976
1 January 1977
| January 1978*

oad

| January 1976

EMD and GE agree that mufflers can be incorporated in new locomotives. The cost of instal-
ling mufflers on locomotives must be compared with a totul cost of $300,000 to $400,000 per loco-
motive (GE and EMD presentations to AAR mecting, 1973), The following methods would be used

by cach locomotive manufacturer in fitting mulllers on few engines.

*Pecause of problems integrating with spark arrester.
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New GE Road Locomuorives
Mufflers would be installed above the engine and the hood roof would be raised 8 in. A loco-
motive would still clear the required 15-ft, 7-in. gauge. Cost = $1500 per locomotive,

New EMD Road Locaomotives

Turbacharged; The muffler would be installed over the turbocharger, Mountings would have
1o he changed as would the roof structure, brake cabling, and extended range dynamic brakes.
Cost = 52500 per locomative,

Rootes blown: The muffler would be inlegrated with the spark arrester. There would be
changes to the dynamic bruke contactors, roof structure, and coolant piping. Cost = $3000 per
locomotive,

New EMD Switchers
The muffler would be integrated with the spark arrester, but EMD is not quite sure how.
Cost = $200-3500 {estimate based on Harco figures),

Rerrafitting Older Locomutives

Retrofitting mufflers on locomotives involves finding out how many of each type of loco-
motive are still in service and adopting muffler installation procedure to the peculiarities of each
model.

Table 4-6 illustrates the distribution of switchers in service, categorized by manufacturer.

TABLE 4-6
SWITCHER LOCOMOQTIVES IN SERVICE

Manufacturer Year Built No, in Service

EMD 1940-59 3200
1960-present 1100

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

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

Most switching locomatives built before 1960 were equipped with muffiers, but after 1960
raifroads generally fitted spark arresters instead.
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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 already been done in many cases with spark arresters, 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, we estimate the cost
for other spark arresters to be $200 to $500 plus 1 man-day labor for installation.

The 8758 EMD Rooles blown road locomotives built before 1 Junuary 1972 have less space for
mufflers than the new modet 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 madified. Railroads might have changed exhaust systems on rebuilding,
Discussions with a representative from Penn Central have led to the following cost estimates for
fitting each of these older models with a muffler,

Muffler = $1500
Labor = 25 man-days ($/man-day = $46.40) (sce Section 7)
Parts = $200-35500

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

Thus, we see that mufllers can be fitted to new locomotives for less than a 1% increase in cost,
and a retrofit program for mufilers is practical inusmuch as no lacomotive has been identificd that
would be unduly difficult to retrofit.

Mufflers that produce 5 to 10 dB(A) of exhaust muffling are currently feasible. It is important
that a muffler be designed to give as good muffling at idle as at full power, since locomotives idle
much of the time, Unless other nalse sources on the locomotive are also treated, the net locomotive
quieting will be only about 6-dB(A) due to contributions from these sources (see Table 4-4),

Mufflers could be developed and ready for production by | Janvary 1976. The manufacturers
have sufficient capacity to produce the mufflers required.

Cooling Fan Modification

The next contribution to locomotive noise that may be treated is the cooling fan, This com-
ponent is essentially aerodynamic noise resulting from the air movement created by the fun,
Methods of treatment include increasing the diameter of the fan, adjusting clearances between blade
and shroud, and varying the pitch of the blade. Although fan modifications are feasible, the appli-
cition of fun retrofitting has not been developed for focomaotives. 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 is a significunt component of the total locomotive noise.
On a limited basis, work has been done to reduce the noise from this source by adding acoustic
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pancls Lo the engine, stiffening the engine casing, and using sound-absorbing materials, This tech-
nigue hias not been developed to the extent that it could be applied to locomotives at this time,

Wheel/Rail Interuction

Although a less significant component of the tolal noise at low speeds, wheel/rail noise
becomes significant as speed increases. In order to reduce this nojse wheel flats can be eliminated,
welded rail can be used, and rail can be grinded. These measures, however, allow only a certain
degree of reduction and speed must be reduced for further reduction, The Department of Trans-
portation is currently sponsoring researcl) into the mechanism by which wheel/rail noise is generated.

Noise Abatement via Operational Procedures

In addition to applying noise abatement technology, there are a number of ways of reducing
locomotive noise by changing operational procedures. These may be effective and practical noise
ubatement measures in certain situations, but they cannot be required on a general basis. They are
discussed here only as being possible and are not necessarily being suggested as recommended noise

reduction technigues.

Parking fdling Locomatives Away from Residences
One of the most frequent complaints about railroad noise is that locomotives are left idling
overpight. 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 if precautions were not
tuken to drain it. Therefore, locomotives are usually shut down only during their monthly inspection.
Railroads are sometimes rather careless about where idling locomotives are left; frequently
they are parked on the edge of o rail yard close to residences. With a little effort, locomotives could
be parked near the center of a rail yard where they would 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 speced. Thus, one could achieve some noise reduction by
lowering the speed limit for trains puassing through residentia! areas, 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.

"Fhis noise reduction method may not be practical generally, except perhpas in special urban
areas, since the net effect would be to slow the movement of train traffic. The cost to the railroads
in terms of lower block speeds would be quite high,
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A Ban on Night Operations —~
Many freight trains, particularly in the eastern United Stales, operate at night. Their noise is

maost disturbing at this time, since the background noise is lowest and people can be awakened from

sleep. Thus, a significant impact on the annoyance of train noise can be made by banning night-

time operations. However, such a ban on night operations would frequently be impractical, since

trains are scheduled for markets that open in the morning and the trains are loaded during the

previows day. The resulting burden on the flow of interstate commerce could be extensive.

Use More or Larger Locomotlves for a Given Train

One paradox emerged from the model of locomotive noise presented earlier. A large loco-
maotive in a low throttle position develops less neise than a small locomotive in a high throttle
position, even when the two develop the same horsepower. For example, ¢ 3600-hp locomotive
in throttle 4 generates 15 dB(A) less noise than a 2000-hp locomotive in throttle 8. Thus, a con-
siderable noise reduction is achieved by using a 3600-hp engine to haul a train requiring only
2000 hp. Similarly, 3 9 dB{A) reduction could be obtained by using four 3600-hp locomotives to
pull a train that normally requires only two 3600-hp locomaotives,

This noise reduction technigue is considered to be highly impractical in general, singe the
extra haulage power required is enormous. However, this method could be used in some situations
such as switching operations, Locomotive engineers could use low throttle positions rather than
“gunning” the engine in throttle 8. -

Nuoise Levels from Electric and Gas-Turbine Trains ;
There are other means of train propulsion, apart from diesel-electric currently in use on Ameri-
can railroads, Steam power is rarcly used, except for romantic purposes, but ali-electric and gas- !
turbine locomotives are becoming more popular, particularly in the Nottheast corridor. Rickley,
Quinn, and Sussan have measured the wayside noise levels of the Metroliner, Turbotrain, and
electric passenger and {reight trains. The levels at 100 ft are given in Table 4-7. All levels ure below
88 dB(A) except for two Metroliner trains and the electric passenger trains, The speeds were 106
and 84 mph, respectively, and thus the wheel/rail neise is likely 1o dominate over the locomotive
noise (see next section), Thus, in general, the non-diesel-electric locomotive noise is well below
that of diesel-electric locomotives and the former are likely to comply with any regulation written
for the latter, However, due to the limited data on noise emissions from alt-electric and turbine
trains sepurute noise emission standards could not be well defined for these specific types of loco-
motives at this time, but the proposed locomotive standards are applicable (o these locomotives.
When sufficient data are obtained, separate standards will be proposed. :
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TABLE 4-7
NOISE LEVLELS FROM ELECTRIC AND GAS-TURBINE TRAINS

No. of Speed
Train Curs Direction {mph) SPL {dB(A) 100 ft]
Metroliner 4 South 106 89
4 South j10 89
4 North 106 84
& North 110 84
4 North 80 78
6 North 84 a0
Electric Pass 6 South 84 90 (wheel/rail)
Electric Freight
(2 Locos) 3 South 49 R8
Turbotrain 5 East 07 85
5 West 91 As
3 East 89 84
3 West 104 88
Wheel/Rail Noise

Figures 4-3 and 4-4 show the results of many measurements of sound generated by the inter-
action between the wheels of moving tailroad cars and the rails. The figures indicate that the A-
weighted wheel/rail noise level varles as 30 log V, where V is train velocity.

Some of the sound levels in Figure 4-4 are significantly above the 30 log V expression. There
are typically two reasons for this, First, flats on wheels cun produce a very loud sound as the
wheel rotates. Second, on sharp curves (less than 2000 t radius), the flunges of the car wheels can
rub ugainst the rails (**flanging™), thus producing a high sound level,

The aversge trend of the data in Figure 4-3 can be summarized by the expression given in that
figure, Although the expression is based on limited data, it should be usclul for the prediction of
wheel/rail noise levels until better information becomes available, ‘The noise levels calculated from
this expression apply to cars without hydraulic shock absorbers, moving over jointed rail that has
not been ground smooth and that is not located on an elevated structure. Corrections must be
applied to account for deviations from these conditions, as described in the 1972 DOT report,

The contributions of wheel/rzll noise to overall train noise at 40 mph 100 ft away is Bl dB(A).
The contribution to locomotive noise alone s 78 dB{A).
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The mechanisms by which wheel/rail noise is generated are nat fully understood and more
o~ research is necessary In this area, For example, there is some evidence that wheel/rail noise is

directional. This feature of the sound needs to be fully explored, because the directionality can
probably be exploited in developing methods for controlling the noise. In the meantime, eliminating
whee! fats, replacing jointed rail with welded rail, and reducing troin velocity are three ways that
wheel/rail noise can be reduced. In general, railroads try to avoid wheel flats, since they have other
adverse effects, such as increased car maintenance and reduced safety, Jointed rail is currently
being replaced, as needed, by welded rail. Traln speed can also be reduced in some cases; however,
this is an undesirable alternative from an operating standpoint.

Retarder Noise

Since hundreds of cars move through retarders in a 24-hr period in a typical yard, it would be
difficult to analyze mathematically the motion of each car through retarders in order to predict
retarder noise in general, However, a lurge number of cars can provide a busis for a statistical analy-
sis of retarder noise. Figure 4-5 is an amplitude distribution of the results of measurements on more
than 100 individual events of cars moving through retarders (BBN's procedures for mensuring
retarder noise are described in Appendix C-2).
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Although there have been some studies of the mechanisms that contribule to retarder squeat
(Ungar, Strunk, and Nayak, 1970; Kurze, Ungar, and Strunk, 1971}, the causes are not completely
understoad. Apparently, the noise Jevels are influenced by car type, car weightand loading, type
of wheels, the structure and composition of the retarder, and the decelerating foree that the
refarder applies to moving cars.,

Four methods can be used to control retarder noise: (1) o barrier to shicld the retarders,

(2) lubricating the retarder bearns, (3) fitting ductile iron shoes on the beams, ind (for inert
retarders only ) (4) using releasable inert retarders that allow a string of cars to be pulled through
without noise-generating friction.® The advantoges and disadvantuges of the naise control methods
are described below.

Barriers. A barrier 17 ft high gives 20 dB of attenuation 50 ft away reiatively inexpensively—
$50 to 570 per linear foat for cement block with absorber. However, installing a barrier requires
space beyond the retarder, which may interfere with gas lines, electrical cables, switch heaters, and

gas regulators,

Lubrication. The only advantage of retarder beam tubrication is in its noise-reducing capability.

Lubrication causes an appreciable loss in retarding capability at a tirme when there is a trend toward
bigger, heavier cars, which require more retarding power. The lubricant itself cun be a disadvantage,
becruse it is slick underfoot, is a possible fire hazard (although perhaps nonflammable glycerine
can be substituted for oil), and leaves a conting of vil on the wheels, which could reduce braking
ability.

Ductile fron Shaes. Again, the only advantage seems to be in noise reduction. The shoss also
cause an appreciable foss in retarding ability, and they wear quickly.

Releasable inert Retarders. In addition to their capability of reducing noise, releasable inert
retarders do not wear as quickly as other types of inert retarders, Their disadvantages lie in the
release mechanisms: manual release is time-consuming and difficult in icy weather; automatic
reiease is expensive because it requires a power source and controls,

Car-Car Impact Noise

The time histories of car-car impact noise illustrated in Figure 4-6 show some features of the
physical phenomena that accompany car-car impact, The initial impact of the car couplers causes
a “crack,” as ittustrated by the sharp rise in sound level in both parts of the figure. The high-
frequency portion of the mechanical energy fed into couplers often excites an entire car body, The
second time trace in the figure shows how, as the resulting vibrational energy decays exponentially,
the radiated noise falls off proportionally, The time trace for a tank car hitting two loaded fiat bed
cars shows the noise sometimes generated by secondary impacts as cars pull away from each other

*The first three methods are being tested by the Burlington Northern Railroud,

4-22




|
|
I

& ...mm. "o
o §& ~
2e o
o Q
0
- —o wn
) w
— = 2
-
B ma
J ] }
o o) ) o o°
b o = Q *
[2a7 200000 21 (vigp] 13431 annos
_ ] ) =
5 e
£ 23 e
o 55 —_
- 5 °¢2 o 3
5= 2
o 0 5
<
ul
| — e =
-
o
j [IIL.I!IH
_ ] ] o
|=] o o Q Q
bt N = Q *
[+0a7 200000 31 (v)aP) 13A37 gMnos
Figure 4-6. Car-Car Impact Noise Time Historics
423




“g-p 2In31g

(uo)))

v

o

I

at 10 feet

Elght Cars Away from
Covered Hopper into Elght
100/ Covered Hoppers Connac-"|
ted fo a String of Box Cars

BT T T T | T T 1
at 10 feet

Tank Car Into
120 Two Loaded Flat Bed Cars

T
l

100}— ' —

SOUND LEVEL [dB(A} re 0.0002 pbar]
3
I
i
SOUND LEVEL [dBlA)re 0.0002 ubar]
w0
o
I
i

0 2 4 6 8 10 12 14 16 18 ¢] 2 4 6 8 10
TIME (seconds) TIME (saconds) '




o s I PR AW

"
"

and coupler sluck is subsequently taken up. The time trace for the noise measured cight cars away
from a point of impyct shows how the energy from pn impact can propagate along a chain of cars,

Warning Devices

This source of noise includes bells, horns, and whistles, which are sounded to warn pedestrians
and motorists that a train js approaching a grade crossing, The nuise leve at 30 it due to either a
horn or a whistle is 105 dB(A) 2 10 dB(A). OF prime consideration in addressing these sources of
nolse is the measure of safety that they provide; however, the true safety value of these devices has
not been conclusively assessed to date,

Methods of noise abatement for warning devices have not been fully evaluated. Some localities
have required that the devices not be sounded, while others have required just the opposite, Various
alternatjves for cantrolling their noise include requiring reduced levels, specifying directionality, or
limiting the times and areas in which the devices should be sounded.

Public Address Systems

Although the frequency of occurrence of noise from loudspeakers in railroad yards is sporadic
and unpredictable, the level of the noise from speakers is comparabie to the level of noise from
other sources in the yards (see Figures 8-% and C-1-6). Figure C-2-1 shows that many loudspeakers
sometimes are scattered over a yard, Where abatement is desired or necessary, more speukers could
be strategically located so that less volume is necessary, or railread yards could follow the recent
trend to switch to radio communication for certain types of communication.

Maintenance and Repair Shops

The nolse from shops comes mainly from running the engines of stationary locomotives. Loco-
motive noise is described in Section 4. Other noises from maintenance and repair are overshadowed
by the noise from retarders, car impacts, and locomotives moving about the yard, If controls are
applied to noise from locomotives, car impacts, and retarders, that pnrtl of shop noise not due to
locomotive engines may emerge as a significant part of the remaining noise.

Refrigerator Cars

These are railroad cars used to transport freight that requires refrigeration. It is necessury for
the cooling equipment to operate continuously when the car is loaded, and also when the car is
empty but a load is anticipated. This cooling equipment usually contains sn unmuifled diesel
engine to drive &8 compressor. These engines are similar in size and performance to engines used in
other applications in s muffled configuration. It is believed thut the muffler industry could supply
the additional muffler requirement for rail refrigerator cars, However, application considerntion
would nlso have to include space availability and installation and replacement costs.
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The maximum noise leve! from this source is approximately 75 dB(A) at 50 ft (Wyle Libora-

. - . . . ~
teries, 1973), When a triin is moving, the noise levels emitted lrom a refrigerator car cannot be :
distinguished from oversll train neise; however, i (he train stops or if the cars are held over, the
continuous operation of the compressor engine is & source of undesirable noise,
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SECTION 5§

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 regulations . . . Ureflect the
degree of noise reduction achievable through the applicittion ol the best available technology, taking
into account the cost of compliance.” For this purpose, “best available technology™ is defined as
that noise ubatement techaology available for application to railroads which produces meaningfut
reduction in the noise produced by rairoads. *“*Available” is further defined to include:

1. Technology that is currently known to be feasible,

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

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

The *“cost of compliance,™ as used in the proposed regulution, means the cost of identifying
whiit action must be taken to meet the specificd vuise cinission levels and the additiona! cost of
operation and maintenance, The cost for future replacement parts was also considered.

As discussed in Section 4 of this report, the only sonree of railroad noise to be regulated by
the Federal povernment at the present time is truins, Therefore, the foliowing pages will discuss the
noise ubatement technology for trains, in view of the statutory requirements and interpretation pre-
sented above,

Train noise is composed of locomotive noise and car neise. The lutter is primarily the result of
wheel/rail interaction. The locomotive noise is composed of noise from the engine exhaust, cusing,
cooling fans, and wheel/rail interaction, The technology for treating casing, funs, and whevi/rail
noise is in the carly 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
“availuble.” Further, the locomotive noise is dominated by the engine exhuust nolse and, therefore,
the application of exhaust muffler technology is the most cffective initial step to require for loco-
motive noise abatement. The conseqguences of establishing a standard that would tequire
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modification of engine casing, cooling Tuns, and wheel/rail interaction have not been assessed in
detail. 1t is clear, however, that without first reducing exhaust noise treatment of these components
would result in litte or no noise reduction. Mulfer technology is well known, and its application to
locomotives has bueen mssessed (see Section 7 of this report). The costs and ¢ffects have been pre-
dicted and in the judgment of the Agency constitutes the “applications of best available technology .
taking inte account the cost of compliance.”

LEVELS OF TRAIN NOISE CONTROL
In this section, we discuss noise levels for locomotives and cars that can reasonably be reached
with appropriate maintennnce ol existing cquipment and by applying the best available technology,

Locomative Noise

As discussed in Section 4 of this document, locomotive noise is dominuted by the exhaust of
diesel engines, which operate at eight possible speed and power output levels, One way to ensure
environmental noise control would be to limit the noise at ull of these throttle settings; however,
this could lead to cumbersome enfarcement practices. For ease of enflarcement, permissible noise
could be specificd at the throttle setting with the most noise -throttle 8, However, this approach
may lead mulfler munufacturers to design muffiers that sre tuned to the engine speed correspond-
ing to that throttle setting. Such mufflers could be very effective at the design setting and ineffec-
tive al other scttings. Obviously, this would defeat the purpose of a locomotive regulation.

A compromise solution is to control lacomotive noise at two conditions: idle and full power.
Idle and full power apply to frequently used throttle settings, Specifying two throttle sertings will
probably preclude the design of speciatly tuned mufflers. Rather, we anticipate mufflers that will
be uniformly effective at all throttle settings.

Although it is unrealistic to assume that mufflers can be designed, fabricated, und installed on
locomotives the moment a regulation is promulgated, it is not unreasonable to hold noise at the
level of existing, well-maintained cquipment. Data, for locomotives at throttle setting 8, indivate
that locomotives do not exceed 93 dB(A) at 100 Mt. Likewise, data indicate that locomotives can
be expected not to emit more than 73 dB(A) at 100 ft. Accordingly, the following levels have been
identified as indicative of present noise emissions:

Idle 73
Overall Maximum 93

Section 4 indicates that mufflers capable of reducing exhaust noise by 10 dB(A) are feasible,

Depending upon the refative contribution of the exhaust noise to the dominent sources of locomo-
tive noise, this reduction may produce a 4 to 8 dB(A) reduction in the total noise (see table 4-5).
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[t is believed that the noisier locomaotives have a higher exhaust noise component and, thercfore,
may achieve greater overall reduction in total noise by reducing exhaust noise. When exhaust noise
is less denninant, smaller reductions in total noise will result. However, in this case, overall noise
soems 1o be initially lower, Based on the considerations of limited empirical daty, 2 reduction in
overall noise of 6 dB(A) for the noisier locomotives is reasonable, Accordingly, the application of
an exhaust muffler can be expected to permit all locamotives to achieve the following levels:

[dle 67 dB{A)
Overafl Maximum 87 dB{A)

The exhaust noise is primarily o funciion of the diesel engine horsepower and the method of
engine aspiration. Rootes blown engines would have higher exhaust noise than an equal size
turbocharged engine, Also, a lurger engine has higher exhaust noise than a smalier engine if the
aspiration is the same,

However, the larger engines are generally turbocharged, while the small engines are rootes
blown, This leads to a partiad cancellation of the effect ol power and aspiration on the exhaust
noise. It may be feasible in the future to establish separate standards for different types of locomo-
tives, depending upon power or method ol aspiration, This is not possible with the present data,
however,

Section 4 also shows that mulfler manufacturer could supply the needed hardware after
approximately 2 years for design, development, and testing. Allowing another 2 years for installa-
tion {see Section 8 of this document for a discussion of installation costs), a 4-year program for
completion of muffer retrofit appears reasonable.

Ralling Stock Naise

Noise from rolling stock other than locenzotives is summarized in Figure 4-2. The levels itlus-
trated there never exceed 88 dB(A) when measured at |00 ft for traing traveling less than 70 mph, -
Accordingly, to prevent increased noise from inadequate maintenance a regulation of 88 dB(A) at
100 ft would be appropriate for trains traveling at less than 70 mph and 90 dB(A) ut 100 ft ut
speeds above 70 mph.
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SECTION 6

ENFORCEMENT CONSIDERATIONS

To be effective, o regutation must be cusily enforceable, Here we consider several fuctors off
enforcement, including measurement uncertuinties and the feasibility of measuring locomotives
under various conditions.

Measurement Uncertainties

When making sound measurements, the level of accuracy is never as high as that achieved with
electrical, distance, or frequency measurements, An example of the scatter obtained with a large
number ol acoustic measurements on nominally identical uutomohiles was reported by Ratering
(1973) when meusured in accordance with on approved standurd (SAE J986a). (Similar data do not
exist for rail vehicles.) Most of the results lic within £2 dB(A) of the mean. On a linear scale,
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however, this is u spread of +60%, =35%. This scatier arises from the number of variables and
uncertainties that can affect o particular acoustic measurement: the aceuracy of the meter, the
persennel involved, the test site, and the meteorological conditions. The etTect ol cach of these

is discussed helow,

Uncertainties Due to Meters
A stundard governing the accuracy of sound level meters is contained in the American
National Standurd, no. $1.4-1971. This specifies four types of sound level meters,

Typel ~  DPrecision

Type 2 -~  General Purpose
Typed - Survey

Type 8 —~  Special Purpose

The Type | meter is recommended for certification purposes and the Type 2 meter for enforee-

ment purposes, The tolerances ol these types of instruments are specified in American Nationa)
Standards Institute S1.4 - 1971, “Specifications for Sound Level Meters,”
In addition, the sound level meters are calibrated with acoustic calibrators that possess a finite

uncertainty,

Uncertainty Duc to Personnel

There will inevitably be variations in the measurements of o sound leve! due to the human
clement in the taking of measurements. Generally, there will be two people involved: one to dfive
the train and the other to read the sound level meter, The driver will do his best to operate the
train under the same conditions each time, but inevitably there wili be slight differences in the
stute of tune of the engine and rattles in the bodywork, Measurements have béen reported by
Ratering (1973) on the variability of sound measurements on the same truck on the same site with
different drivers. The results are shown in the accompanying chart, (J366a is a standard Society
of Automotive Enginecrs method for truck nolse measurement.) It will be seen that an uncer-
tainty of + 1/2 dB can result, .
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Similurly, variations are obtained with different people rending a properly calibrated sound
R level meter, The table below lists seven different measurements of the same puss by of a kewn
HIOWCT, )
VARJATIONS IN NOISE LEVELS OBSERVED AT 50 FT
Observer 1 2 3 4 5 6 7 Average Runge
?t Level, d¢B(A) 70 71 71 7.5 71 72 11.5 71.1 2.0
: Sinee sound pressure fluetuates due 1o its statistical nature, the needle ol the sound fevel meter
! Nuctuates and different people tend to wverage it differently, Henee, they obtuin difTerent readings.
1
Uncertninty Due to Test Site Conditlons
Inevitably, sound measurements will be made at different test sites and this in itsell gives rise
J to uncertainty in the sound measurements. An example of the varintion to be expected for auto-
i mobiles, reported by Ratering (1973), follows,
i
i H—h) 6-3
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TEST SITE VARIABILITY STUDY SAE J500a
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A total spread of about +2 dB was observed, whereas the uncertainty at o particular test site
was only about £1/4 dB. A similar result was reported by Ringham and Staadt (1971) where a ~~
spread of £1-3/4 dB} was observed;

SITE !
SITE 2
SITE 3
SITE 4
SITE 5
SITE 6
SITE7

SITE 8
SITE9

TEST SITE SOUND LEVELS

IH PROVING GROUND TEST PAD

ACCEPTABLE SAE J-366 TEST SITE

GRASS-COVERED SURFACE

GRASS AND LOWERED MICROPHONE LOCATION

GRASS AND 3-FT DITCH

6-8 IN, CURB

BLDG. ACROSS STREET, FENCE BEHIND
MICROPHONE

CURB, BLDG., STONE WALL, GRASS

PARKING LOT — BUILDINGS ON 3 SIDES

-4

87-1/2 dB(A)
87-1/2 dB(A)
86 dB(A)
85-1/2 dB(A)
M6 dB(A)
HE dB(A)

89 dB(A)

89 dB(A)
89-1/2 dB(A)
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This variubility is caused by reflections, primarily from the ground but also Irom neurby

buildings. The measurement specifications generally require any building to be at least twice as far

(Tom the observer as the sound source he is measering, Thun the maximum ceror that could be
vogeeted Uramy 1 Srandbamed woond sourse would be =172 4B, Ground reflections s a ntsch wory

T DG ThE TN TR sty S0 s et ey e
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stasy, 01 2 hand surfaee ke asphalt. The sound reflected from the groand will interfere. either con-
structively or destructively, with the directly received sound, Constructive interference can give up
10 a 6-dB increase in sound pressuve Ivel. Destructive inderference <an give up to a 6-dB decrease in
level over o ane-third octave band. These effects depend on the difference in path length und on
the sound absorption characteristic of the reficcling surfaces.

SQUACE DIRECT PATH MICROPHONE
e a—

REFLECTED PATH

R
GROUND
1\
8 CONSTR
~ INTERF.
cHaNgE o L
IN
SPL
6 - fw. DESTRUCTIVE
! INTERF,
| ! | >
10 100 ty 1000
FREQUENCY {Hz}
Uhe clangs i the measured spectrum, shown above, s Tor o hard surfece. A fow Hlequoncies
corteien B ealB O e freatens St deattue Tt il e fe T e Gy
MR TP 1 HOTC 1 (Y T S EYTT EEEE VPR PEHTER WO PRV SORUUTITE SO -
M v, IR cadread Tocomonives, “.l oaeneratly 200-400 1y ot aarmsl mensorine distanes
Henwe, eilects of several dBUA are ohserved on the overall A-weighted sound pressure level,
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Uncertainties Produced by Meteorological Conditions

The atmospheric humidity, wind, and femperature can il have an clfect upon propagation of
sounnd through the atmosphere and hence upon sound levels measared. However, at a distance of
100 It these effects are generally small,

Humidity in the air causes sbsorption of sound. Typically, at 2 kliz there will be about 0.4 dB
absorption over 100 ft. This absorption is less at lower frequencies and greater al high Mrequencies,

Wind and temperature gradients have the elfect of refracting (i.e., hending) sound waves so as
to produce focusing or sttadowing. On u hot day with an upwind the sound will be refracted away
from the ground, giving an apparent decrease in sound fevel, Downwind, the sound is refracted
downward, giving an increase. However, according to Kurze and Beranek (1971) no extra attenua-
tion is to be expected at distunces of [ess thare 250 11 and henee these effects are not likely to be
significant.

One secondary effect of the wingd is 1o induce Mictuations in the observed sound presstire level,
without alfecting the mean value. Fluctuations of 22 dB can be expected in a 10-mph wind. This
will not produce any bias in the results, but it will make the sound level meter more difficult to
read,

Measurements on Load Cells

The most repeatable and controtlable tests of locomotive noise can be conducted an u toad ceil.
A load cell is simply a bank of electrical resistors connected to the alternator output of a stationury
locomotive. While connected, the locomotive engine can be operated at all throttle settings, dupli-
cating conditions met in puliing a train, Only the wheel/rail noise source is not measured by this
technique. However, this omission is not a serious defect since wheel/rail noise of present locomo-
tives is dominated by the exhaust noise component.

There are likely to be certuin costs, presently unknown, associsted with loud-cell measurements,
Principally, it is not known which railroad shops would impicment retrofit, whether they have toad
cells availabie, and what the costs of load-cel] installation would be.

Measurements of Passing Trains

‘The enforcement technique that interferes Teast with railroad operations but the one that is
also among the most imprecise and noncomprehensive is wayside measurement of passing traing,
There are substantial difficulties associated with site selection, scheduling, uncertainty of operating
variables, and ex trancous noise sources,

Site selection along a raitroad line always presents difficulties. Sites should be selected so that
¢ffects beyond the reasonable control of the rallroads do not leud to measured noise levels that im-
properly indicate the sound autput of the locometive. For example, reflections of sound {rom
buildings, cmbankments, or other obstacles would corrupt a noise measurement. Similurly, excess
sound abserption by ground cover or shielding by terrain or structures would degrade measurements.
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Alse, il would be inappropriate to trespiss on privite property lor purposes ol nojse
measurements,

Scheduling is dilficutt Tor seversl reasons. st the wverage raileoad line in the LLS. carrivs
anly abaut six to eight traing in a 24-hour period. Accordingly, inspectors would huve o restrict
themselves to conducting measurements on only the most heavily traveled routes and, even then,
would expuect (o spend it goad deal of time waiting for trains, Purthermore, i random sampling of
traing on heavily used routes will resuldt in the measurement of a segment of the locomotive popu-
lation, with certain locomotives being measured repetitively at difterent times, and others meu-
sured not at all,

Uncertainly of locomotive operating variables hos o substantial impaict on enforeement.
Throttle setting, ror example, strongly influences locomolive noise, The difference in radialed
sound between half power {throttle 4) and full power (throttle 8) is about 10 dB(A). Since an
inspector at the wayside would not know the locomotive throttle seiting, o stundard would have
ta be based on the thrattle 8 {i.e., the noisiest} operating condition, Limited existing data indicate
that roac locomotives operate ut throttle ¥ Jess than half the time they are pulling a troin. Aceord-
ingly, roughly hall of the tocomotives would be measured at off-peak conditions. Furthermore, it
would be o simple matier for a locomotive engineer to reduce the throttie setiing or blow the loco-
moative horn if lie were 1o see o wayside inspector, {A requirement for open space around the micro-
phone would make the inspector quite visible.) Either tactic would invalidate measarements.

Another difficulty associuted with wayside enforcement is that locomotives often operate
together, all contributing to wayside noise. The accompanying chart illustrates how three locomo-
tives, the center of which is noisier than the other two (which are of equal level), affect peak noise
levels at 100 M. The ordinate represents the difference between the peak sound pressure level,
Lpeake and the level Ly gigiug of the noisiest locomative, The abscissa indicates the difierence
between the sound pressure Jevel of the noisiest locomotive, measured alone, and that of the quiet-
est locomaotive, Lquiclcst measured adone, 1f all Incomotives are equally noisy, together they wilt
generate a peak level 3.5 dB higher than the level of a single locomaotive. As the difference between
the naisiest and quictest increases, the peak noise level approaches that of the noisivst locomotive,
In selecting tolerance allowances for combined locomotive passby tests, greal care must be taken
to minimize the possibility Tor wtilization of noisy lecomotives in o train thit would not pass
inspection ulone hut would pass inspection when used in combination with ather, guicter

locomotives,
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SECTION 7
ECONOMIC EFFECTS OF A RETROFIT PROGRAM

INTRODUCTION
The imposition of a ruilroud muffier retrofit program will affect both the rilrouds and the

industries that purchase trensportation services, Minimal changes in transportation patterns may
be expucted as a result of 4 retrofit program since increases in cost per ton mile of freight moved
are estimated to be fairly small,

In the case of the raitroads, the impact is felt in the possibility of higher costs and decreased
revenues, In the case of railroud users, possible adverse eifeets are increased lreight riutes and a
decline in the frequency of service. The purpose of this portion of the stuedy is to examine the
possible magnitude ol such effects; their consequences in terms of railroad viubility and the
transportation of commodilies; and techniques by which severe adverse economic impacts might
be avoided.

The study presented here relies on 4 number of information sources and makes a nuniber of
assumptions in the course of arriving at quantitative estimates ol impact, Data on costs of materials
and labor for retrefit program were obtained chiefly from mutfler manufucturers and rilroad
personnel, Information on lucomotive maintenance requirciments was likewise obtained from the
railroads, Operating and financial statistics for individual roads and the industry as o whole canwe
from reports of the Interstate Commerce Commission. To project the ultimate economic effects
ol 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 Tivorable in terms of
impact was chosen; in this sense, the analysis represents somewhat of a "worst case™ approach,
Wherever assumptions are made, however, they are substantialed to the extent allowed by existing

data,
THE IMPACT ON THE RAILROAD INDUSTRY

General impact

The engineering data gathered from discussions with various manufacturers and milroad oper-
ating personnel were used to estimate the direct cost ol mufiler retrofit by locomoltive type and
manufacturer. The differences in construction between switcher and road locomotives required that
these be treated separately, The three categories of direet cost are mulflers, additional hardware,




and labor. Since cach mike of locomotive is somewhat tnigue, it wis necessary to make separale
analyses ol eych type. The costs are shown in Table 7-1. The retrofit costs associuted with the
various types of locomotives are based o the designs of several common ty pes, which muke up
about 9U% of the populition. For some locomotives, retrofit costs may be significantiy higher
thim the figures shown here, This may be the case, for example, for several hundred units which,
although originally conforming to vne of the common designs, hive been heavity modilicd during
service so that their configurations now present difficull hardware problems to a muffler installer,
Also, there are still about 1,000 older units, manufaeuwired by Aleo and Fairbanks-Morse and
awned by o total of 22 railroads, the design of which may render nsuffler instollation dilficult, This
discussion, therefore, assumes that such units will be retired from service during the compliance
period (a fair assumption given the advanced age of most such locomaolives.

The estimates of the direct cost of mufflers and additional materials were gathered from
locometive and muoffler manutocturers; the sources of the data on required labar input were loca-
motive manulacturers, muffler manufacturers, und management personnel of selected railroads,

An hourly wyge rate of 55,80 per hour was arrived at by taking total compensation of main-
tenance personnel as reported in annual 1CC summaries and dividing by total hours worked
Although this wage rate probably includes some overtime compensation, it may be an accurate

TABLE 7-1
MUPFFLER COSTS* PER LOCOMOTIVI
{Source: Munufactarers’ and Operators” Lstimates)

Locomotive Manulacturer and Type

- — . GM GM Gl Other Other
Vime ol Instaltation Road Switcher Rowl Roud Switcher

33000 (RB} (3200-500;8(500  [----- | -----
2500 (TC)

New Production

Mulfler Only 1500 2005001 1500 1500 500 - 800
Additional Hardware 0. 500 |----- 1500-2500( 1500-2500] ~----
Labor & 5 80/ hr 464 - 1163 46 187 187 46

Totul $2164-3103 | 5246- 540 | $3187-4187 | $3187 -41R7] §546 - 846

{RB) = Rootes Blown
{TC) = Turbochurged
*See footnote on page 7-3 relating to high-retrofit-cost locomotives.

*All railroud data presented in this seetion come from Interstate Commerce Commission,
Transportation Statistics in the U.S. (197 1) unless otherwise specilied.
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reflection of the true labor cost, since some retrofitting may be done at the overtime rate. We
assume that the current mix of straight time and overtime will be used in (he retrofit program.

No capital cosls for maintenance facilities were assigned 1o the retofit progrum, Annual
compensation slatistics and discucaons with the American Associntion of Ruifroads indicate that
the roads have been generally cutting back their malntenance staff over the lust decade, while
nat necessarily reducing the size of their plant.* Frequently, therefore, excess physical capacily
would be availuble Tor a retrofil program, Inan ecopomic, alihough not necessarily an account-
inp sense, such excess capacily can be utilized ot zero cost,

The nex) step was Lo determine how many of cach type of locomotive are in service, The
Muy 1973 issue of Raitway Locoamoiives and Cars lists the make and horsepower of each loco-
motive in service by railroad,  In most cases, the borsepower ol the engine could be used to deter-
mine whether itis a switcher or road locomuotive, General Maotors (GM) produces botl o 1500-bp
switcher and a 1500-hp road locomotive, but because road locomotives outnumber 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 asmall amount. Toble 7-2 shows (he distribution of
Tocomotives by type and manufacturer both nationally and for cach ol the three 1CC repions.

TABLE 7-2

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

Manufacturer Region
'I"l;)r(rlu East South West
Total (29 Rouds)* (8 Roads)* (22 Roads)*

GM Roud 16,155 7,006 2,026 7,123
GM Switcher 2,811 1,462 304 1,045
GE Road 1,930 878 230 H22
Other Road 1,737 1,052 289 396
Other Switcher 1,504 734 139 631

*Number of roads in each district obtained from |CC, ep. cit. Other listings of roads may not tally with
this ana, due to varying methods of accounting for mergers, subsidiaries, ete.

*Sources in the AAR state that this may not be the case for roads which have recently modem-
jzed their plants and which may have divested themselves of some unneeded facilities, In these
cases, accarding to the AAR, the cost of installing or renting the needed plant und equipment
may significantly increase retrofit costs. Unlortunately, precise estimates of cupital stock in
muainlenance facilities do not exist,

i by by



Tatal direct cost of the retrolit program was obtained by multiplying the cost per locomolive

hy the number of locamoltives.™ This is given in Tuble 7-3 in terms of minimuny and maximum o
costs for each region and for the entire natien,
TABLE 7-3
TOTAL DIRECT COST OF RETROFIT PROGRRAM
(Millians of Dollurs)
Locamotive Manufacturer and Type
a3 Tota I
Region GM GM GE Other Other Tota
Road Switcher Roml Road Switcher
Enst
max. $22.160 £0.798 §3.070 $4.405 0621 831600
min. 15.161 0.300 2.798 3.353 0,40t 22.073
Waest
X, 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
nmx, 6411 0.166 0.963 .210 Q.118 8.868 o~
min, 4.386 0.075 0.733 0.921 0.076 6.191 '
Nationul
milx. 64263
min, 48,162

The annual direct costs in Table 7-4 were derived from Table 7-3 by dividing total cost by the
number of years allowued to complete the retrofit program. In addition, the annual cost for 2- and
S-year compliance periods is shown as a percentage ol the [971 pet operating revenue, [t should be
noted that we are assuming 2 und § years beginning at the time the muffler becomes availuble,

*Normally, some locomotives would be retired during the complisnce period and, therefare, would
not incur retrofit costs, (Their replacements would presumably have been quicted st the factory.)
This consideration has not been included here, because it is difficult to forecast replacement rates
in the light of an endemic shortage of motive power such as presently exists, If we assume instead
thut past retirement rates (ubout 2000 units per year from 1965 through 1969) sre cut in half due
to the shortage of locomotives, this will result in 5000 fewer units needing mufiler retrofit for a
S-year complisnce period and 2000 fewer over a 2-year period. The total cost estimates projected
ahove would then be high by about 20% and 8% for the two compliance periods, respectively.

[ v.d



PRI R FrESAN ety

SL

TABLE 74
ANNUAL DIRECT COST OF 2- AND 5-YEAR RETROFIT PROGRAMS

Total Direet Cost
(thousands of dollurs)

Cost as Percentage of

Nui Revenue

Region Year 5-Yeur Yeur 5-Year
Max, Min. Max, Min Max. Min. Max. Min.
National 34,632 24,082 13,853 9,633 .35 0.94 0.54 0.38
Eust 15,830 11,037 6,332 4415 2.04 1.42 0.82 0.57
South 4,434 3,096 1,774 1,238 0.82 0.58 0.33 0.23
West 14,368 9,949 5,747 3980 1.09 0.75 0.44 0.30




Gunerally, mudtlers will not be availuble until 2 years alter this regulation is promulgated, so that
the 2-year program will not be completed undil 4 years after promulgation, aml the S-year program
until 7 yeurs afier promalgation,

It appears it the direct cost of o retrolit program will ot constitute a signilicant burden on
the railroads, Total direct cost is invariant with respect to complianee period, although annual cost
is not, Annual cost is, therefore, probably & more relevant mepsure of the financial impaet on the
ruilroads.

The direct cost of retrofitting mufflers is only purt of the tot] cost, however, I retrofitting
requires that locomotives be taken out of service and if the railroads have no exeess capicity with
respect to locomotives, then there will be some loss of revenue, At present, most railroads are opur-
ating a1 full capacity. The shipments of grain to the Soviet Union have resulted in o high demand
for ruil cars and locomotives, The number of locomotives has decreased sliphtly lrom 1965 (o 1973
(from 27,948 to 27,04 1) although total horsepower did increase from 52 million in 1971 to 35
million in 1973, [t appears, therefore, that capacity has reimained about constant or decreased
slightly while demand has increased. Tt seems unlikely that the present high volume of grain ship-
ments will continue beyond o year, Other Tuctors, however, indicate that the current high levels of
capacity utilization will probably continue into the furure,

One of the developments that will tend to keep rail transportation at a high level of capacity
utilization is the projected *energy crisis.” A general fuel shortage would favor the railroads over
other nrodes of trensportation, An increase in cosl ouiput, which seems inevitahle, would stimu-
late rail freight volume, Coul, because of its low value per ton, is hauled almost exclusively by rail. P

A Turther fmpact of the fuel shortage will be to degrade the quality and cost of truck transport '
relutive to rail service. Speed limits will induce delays and uncertainties in truek schedules, Fuel
price increase will have greater adverse impact on trucks than on mil, sinee trucks use 3,2 tines as
much diesel oil per ton mile of freight. As a result, trunsportation demand will tend to shift from
trucks to rail, The net effect of these cansiderations is to support the asswmption that railroads
will be operating at close to full capacity for the next 5 or so years. This means that locomotive
downtime due to retrofit will result in lost revenues, ®

Tie time lost maty be reduced by scheduling retrofits during regular locomotive maintenanee,

Nationally, the average maintenance eycle is 4 years for an intermediaste overhaul and 8 years for
a heavy averhaul, The length of the eycle for an individual roilroad is a function of locomolive

*One way in which opuerators nity overcome {his problem is to buy new locomotives to tuke the
place of those being retrofitted, Such & procedure would virtually climinate the indirect cost
associuted with the retralit. This is un option, however, only iff the lecomotive manufacturers
can produce the extra units, At present, sccording to locomotive manufacturers, locomotive pro-
duction is below demand even though production facilities are operating at full capacity, It is
reasonable to assume that conditions of moter power shortage relative to demand for transporta-
tion will persist throughout the compitance peried, resubting in lost revenue when units are
removed for retrofit,
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mileage. Table 7-5 shows the national average adjusted regionally to reflect different average
locomotive miles per year, The maintenance cycle is shortest in the West where lucomolives
travel more miles per yearand longest in the Easl where miles per year are lowest,

TABLE 7-5

AVERAGE MAINTENANCLE INTERVAL BY DISTRICT (years)
(Source: 1971 1CC Statistics und Operators’ Eslimates)

! Regional Average Maintenance
Type of Interval (Yearsy*
Muaintenance

National lzast South West

Intermediate 2.0 53 40 35 i
Heuvy 8.0 11.0 8.0 7.0

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

An intermediate overhaul generally tukes about 2 1o 3 days, while a heavy overhaul takes about
14 days., The estimated time required to retrofit u muffler ranges from 3 days for a4 General Motors
road locomotive to | day for a switcher, Table 7-6 shows the ninber of lost locomotive days
“charged™ to retrofit under different conditions, Line 1, for example, gives lost days by type of
- locomotive if the locomolive is taken out of service specifically for retrofit,. One can see that there
are no lost duys for any type of locomotive il all retrofitting is done during heavy overhaul,

TABLE 7-6

DAYS LOST DUE TO RETROFIT
{Source: Manufacturers' and Operators’ Estimates)

Locomotive Manufucturer and Type

v - OM GM GE Other Other
P . *
Basis of Retrofit Roud Switcher Road Roul Switcher

[f done by itself 3 ! 2 2 | |

IT done during regular
intermediate overhauls | 0 0 0 0

If done during regular ;
heavy overhaul 4] 0 0 0 0 .

" Assumes no last time dua tu travel to and from shop and no muftfier retrafitting done during emergency repairs.

- 7.7
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As is shown, the lotal lost locomative time due to muffler retrofits depends on how many

lovomotives can be treated during the normal maintenance cycle. Table 7-7 shows the expression &
used to compute total lost days for cach line or district. The first term represents the time lost by
GM roud locomotives undergoing jntermediate overhaul. The remaining three terms account for
time lost by thuse locomotives that will not be due for routine maintenence during the compliance
period and which, therefore, must be specially called in for muffler retrofit, (Recall from Table 7-6
that, except for GM road locomotives, unils undergoing intermediale or heavy overhau! will exper-
ience no extra time lost due to retrofitting & muflfler,)
TABLE 77
IFQUATION FOR TOTAL LOST TIME PER DISTRICT
’_ l ..
LT = NGMX‘W‘XYXI(I:WJ
| “'m
| Y
+ Nom X |1 = = X 3duays
Tm
r v lor (l - -T-'X-) > 0
+ NGEo X( | —=— | X ?.duy:.'] m o
. Tm
+ E\l X {] Y X 1d
- — ;
. sW Tm dy
| , Y
) NGM X 1day for 1 - -_-T = 0
; m
where Y = number of years allowed for retrofit
Nom = number of GM road locomotives
Nglo = number of GE and *“*other roud ‘locomotives
Ngw = total number ol switchers of all makes
Ty = time interval for “Intermedinte” maintenance
7-8 a
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The equation in Table 7-7 has been used to compute tost locomotive days Tor exch region,
e These have been summed to give a national total. The Tigures are shown in Table 7-8. Two
compliunce periods are used to illustrate the decrease in lost time with a longer retrofit period.
We see from the table that increising 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 affeets only the number of lost locomotive duys; the direct
cost of the retrofit progriun does not change, IT we take the totad number of lost [ocomotive days
resulting from u 2-yeir period and assign it the number 1, then the total number of lost days fora
3-yeur program s 0.76, the total of o d-yeur progrom is 0.52, and the totul ol a S-year progrom is
0.29, As the compliance peried is lenglhened, lost lacomotive days decrease; thus, the indirect
cost of the program decreuses,

The cileulations of lost locomotive days must be translated into dotlar costs. A number of
problems arise in ealculating the value of a locomotive. First, should a distinction be made between
road iocomotives and switchers? [t seems desirable to treat the transportation revenue earned by
rail service as being carned by both roud and switch engines, since the lack of either {if both are
used to ful] capacity) would cause a reduction in service, We have therefore assumed that each has
the same value per day,

Secondly, what value should be assigned to 4 locomotive day? If all roads are operating il
full capacity, then removing a locomative causes & daily loss of revenue amounting 1o the value
of ane locomotive day. A locomotive day is thus evaluated at the value of the avernge product,

2 ‘This technique is further justified in capital theory, which states that the value of o picce of
' capital is the present value of its discounted future stream of earnings, that is, the present value
ol the marginal product.

TABLE 7-8

.OST LOCOMOTIVE DAYS BY REGION AND COMPLIANCE PERIOD

L Region

¢ P ost

i Cn{:lr:ilcl;:]ml’ Locomotive Fust South West
Duys National* (29 roads) {8 rouds) {22 rouds)

Zyear Yearly 00,048 9,252 2,143 6,378

program Total 34,096 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

‘ * Locomuotive days lost nationally is not the sum of the three regions, since the national was calculatad

i using an average maintenance cycle and the regional was adjusted to reflect different utilization retes.
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Given the conditions stated sbove, the value of a locomotive day was calculated by taking
total transportation revenue and dividing by the total transportation revenue and dividing by the
total number of locomotive days available, Table 7-9 shows these caleulations nationally and
regionally, Table 7-10 gives estimates of the indirect costs of a 2- and S-year retrofit program
by incorporating the lost locomotive days [rom Table 7-8 and the value ol a locomotive day
from Table 7-9. Note that the shorter the compliance period the larger the total indirect costs.
This is a function of the increase in the number of lost locomotive days as the compliance per-

iod is shortened.
TABLE 7-9

REGIONAL ANNUAL REVENUE PER LOCOMOTIVE DAY

Region
National East South West
Total tranportation
revenue {millions of 3) $12,417 $4,497 §2,121 $5,799
Transportation revenue
per locomotive day (8) 1,251 1,186 1,256 1,304

TABLE 7-10

ESTIMATED LOST REVENUE DUE TO RETROFIT
(Thousands of Dollars)

. 2-Year Program’ " 5-Yeur Program
Regi
ceion Per Year Total Per Yeur Total
Nutiomal 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 8,317 16,634 928 4,640
7-10 Led
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Table 7-11 urrives af the annoal net retrofit cost by combining the direet and indireet costs
f and subdracting the reduction in operating costs that would occur as o result of a reduction in tral-
fic. Cost reductions were determined from the 1CC detaiied accounts and include the following:

Account No, Description

365 Dispatching Trains

367 Weighing, Inspection, & Demurrage Burcuus

368 Coul and Ore Wharves

371 Yard Conductors & Brakemen

373 Yard Enginemen

374 Yurd Switching Fuel

382 Train Enginemen

383 Tenin Fuel

387 Trainmen

388 Train Supplics and Fuel

395 Employees’ Heaslth and Welfare Burenus
~ .

The estimates of cost reductions used here are much lower than those used by the ICC.*
They have claimed that 80 percent of costs are out of pocket or variable costs. This might be
true if railroads were curtailing service in the face of falling demand. Variable cost may constituty
80 pereent 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
riilroads would curtail other operations but vather that they would atiempt to offsct locomotive
shortages by changes in labor and equipment usage patterns. In addition, if there are adjustment
costs and since the cuthack in capacity is tempaorary, the railroads would be expected to respond
differently from a situation in which the reduction was anticipated to be of longer duration,
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 computer retrofit cost if
the result of lost revenne to the railroads. Figure 7-) shows the breakdown of annual costinto
direct and indirect components for compliance periods of 2 to 5 years.

*See U.S. Interstate Commerce Commission, Bureau of Accounts, Explanation of Rail Cast Finding Procadiures
and Principles Relating to the Use of Costs, St. 7-63, Washingtan, D.C., 1 November 1963 and U.S, Interstate
Commission, "Rules to Govern the Assembling and Prasenting of Cost Evidence.” Docket No, 34013,321 1.C.C.
238 Order of April 16, 1062,

)
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TABLE 7-11

o~
ANNUAL NET COST OF RETROFIT
{Thousands of Dollars)
Direct Cost National East South West
Z-year program
max $34,632 $15,830 $4,434 $14,368
min 24,082 11,037 3,096 2,949
S-yeur program
max 13,853 6,332 1,774 5,747
min 9,633 4415 1,238 3,980
Indirect Cost
2-year program 21,982 10,873 2,692 8,317
S-year program 2,557 1,338 254 928
Reduction in
Operating Costs
2-year program 4,964 2,748 555 1,856
5-year program 597 335 33 207 ~
Net Cost
2-year program
max 51,650 24,055 6,571 20,829
min 41,100 19,262 5,233 16,410
S-year program
max 15813 7,335 1,975 6,468
min 11,593 5418 1,439 4,701
(o
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TABLE 7-12

TOTAL NET COST OF RETROFIT PROGRAM
(Thousands of Dollars)*

Compliance National East South Wosl

Period Max Min Max Min Mix Min Max Min

Jyears 103,300 | 82,200 | 48,110 | 38,524 | 13,142 | 10,466 | 41,658 | 32,820
3yearst | 95221 | 74,120
dyenrs* | 87,143 | 66,043
Syears | 79,065 | 57.965 | 36,675 | 27,090 | 8875 | 7,195 | 32,340 | 23,505

*These represent linear interpolations of the 2- and 5-year programs.

The annual costs shown in Table 7-11 are best understood in the context of total operating
revenue for cach region, Table 7-13 shows that the castern roads would pay a higher percentage
of total revenug toward a retrofit program than would (he other repions.

Annual retrofit cost as a percentage of net aperating revenuc® pives the best indication of the
rail industry’s ability to pay for a retrofit progriam (see Table 7-14). Retrofit constitutes a small
percentage of net operating revenue both nationally and regionally. As we have seen earlier, how-

N ever, the castern rajlroads 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 earn less profit than roads in
other regions,

TABRYE 7-13

ANNUAL RETROFIT COST AS A PERCENTAGEOF 1971 TOTAL
OPERATING REVENUE

! Compliance Nutional East South West
Period Max | Min | Max '| Min | Max | Min | Max | Min

2 years 0426 | 033% | 0.533% | 043% | 031% | 0.25% | 0.36% | 0.28%
5 years 0.13% | 0.09% | 0.16% | 0.12% ] 0.09% | 0.07% | 0.11% | 0.08%

3
;
3 *Net operating revenue is dofined as transportation revenue minus variable transportation costs. Subtracting
rents, taxes, and interest payments from net operating revenue gives net operating income,or profit from
‘ freight operations,
%
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Figure 7-1.  Cost of Retrolit Program us 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% 1.22% | 097% | 1.58% 1.24%
S years 0,60% | 044% | 0.95% | 0.70% | 0.38% | 0.27% | 0.49% | 0.36%

Bankrupt roads constitute a special subset for which financial and operating problems are
substantially different than for normal roads; these will be treated elsewhere,

In order to give a more detailed picture of the industry’s ability to pay for retrofit program,
program cost as a percent of net operating revenue has been computed for each Class ! railroad
(including bankrupt roads but excluding those with negative net revenues). Fipure 7-2 shows how
the railroads are distributed with respect to cost-to-net revenue ratio. The figure shows that the
impact of a 2-year program is much greater than that of a 5-year program.

The Impact on Marginal Railroads

The adverse effects of extra operating costs is greater on firms in fingncial distress than those
that are healthy. This is of concern in the case of the railroads, because a number of them face dif-
ficulties in maintaining profitable operations. It is important to estimate the number of railroads
that may have trouble paying the cost of a retrofit program even though the magnitudes of the
expenses involved in such a program are small relative to other expenses faced by the railroads.
(For example, a 30 percent {ncrease in the price of diesel fuel would increase operating costs by
roughly $125 million.* This would represent from 2.5 to 12 times the annual cost of a muffier
retrofit program, depending on the compliance petiod allowed.)

This section attempts to gauge the extent of the problem posed in paying for a retrofit pro-
gram by determining how many railtoads are in finuncial distress. Thisis done by computing,
for each road, scveral financial ratios that are generally accepted as indicating the linancial condi-
tion of a business enterprise. A summary of the number of roads with unfavorable values for cach
ratio is then given. This technique does not give a quentitative definition of which railroads cannot
afford a retrofit program. At best, it gives a rank-ordering. The cutoff value that determines
“financial distress” is arbitrary.

*This figure is computed by using as a baselina the total cost of fuel for all Class { railroads in 1871, which was
$417 miilion {}CC, op, cit.)
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The following linancia caiios weire computed:
i Current ussersftotan assels
h.  Operating ratio {opevaling cXpenses; opeetling revenus)
¢, Total tabilities jess stockholders’ equity/total assets
A, Income after fixed chuarges/totud asse .
v, Ruetained earnings/total assets
., Net incomeftotal assets
g Netincome/foperating revenue

All bankrupt roads are excluded from this discussion, which is concerned only with roads
that have not been declared bankrupt but which may be in financial distress.

In most cases these matios paralle! those used by Edward Altman (1971). Ratios o and b are
measures of the liquidity® of a railroad, while b, d, I, and g are measures of profitability and effi-
ciency. Ratio ¢ measures solvency.

With respect to ratio o, the analysis seems inconclusive. A large number ol roads had ratios
of current to total assets in excess ol three standard deviations from the mean. This indicates that
the distribution of values of this ratio did not approximite a normal distribution, This being the
case, ratio o does not constitute a valid indicator of which roads may be in distress.

The analysis of ratio e (retained carnings/total assets) indicated that 14 railroads have negative
reqused carnings, while two hive zero, showing that these roads lack liquidity. While internal
financing may not be important in the rajl industry, the negative retained carnings indicates that
these roads are drawing down cash reserves,**

The most commonly used measure of profitability is operating ratio 4, the ratio of operating
revenue to operating expenses. Three roads have operating ratios greater than 1, indicating that
cXpenses cxccg:d revenue, An additional seven roads have operating ratios more than three standard
deviations higher than the mean. Certainly the three roads and possibly some of the seven must be
considered to be in an adverse position. Ratios £ and g are similar measures, in that a road with a
negative net income will have a negative ratio for both f and g. Six roads have negative net incomes.
1n addition, two other roads must be considered to be poor performers s measured by the
ritio of net income to total assets ().

Ratio ¢ indicates that nine roads have negative income and two have zero income after fixed
charges. These roads are unprofitable by Sefinition. The ratio of tota) lishilities (less stockholders®
cquity) ro total assefs ¢ appears to have also yielded inconclusive results, One road srands out as
being extrenely poor by this measure, and there are four other roads for which this ratio is greater
than i,

*Liquidity is the ability of a firm to convert assets into cash.
**This may also represent an insutficient amount of funds allocated to depreciation.
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A wortl of cautjion should be issued in the interpretation of uny ratio that uses total assefs.
Under the “hetterment™ accounting procedure, total assets tend to be inflated.  However, to the
extent that this bias is uniform throughout the industry, it is possible to compare different roads.

[t is not possible to compare these ratios with other firms outside the il industry.

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

The Impact on Bankrupt Railroads

Of the 71 Class 1 line-haul railrouds in the United States, seven are bankrupt: Boston and
Maine, Central Railroad of New Jersey, Erie Lackawanna, Lehigh Valley, Pean Central Transporta-
tion Co., the Reading Co., and Ann Arbor. These seven railroads operate about 20% of the loco-
motives owned by Class | railroads in the U.S. Not surprisingiy, the total cost of retroiit for these
roads (see Table 7-17) is about 20% of the total cost for the entire muffler retrofir program.

These railroads will have difficulty financing the cost of a muffler retrofit program, There is
o 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 curtently receiving some form ol subsidy, and all are in default on interest payments,
honds, andfor taxes.

THE IMPACT ON USERS OF RAIL TRANSPORTATION

The effect of o 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 necessity to withdraw locomotives from service
could result in reduced hauling capacity and a consequent decline in the quality of service,

Eijther of these developments would tend 1o encourage some shippers to seek elsewhere for trans-
portation services. This section examines the possible magnitude of these efforis,

The Effect On Railway Freight Rates

The ability of the rail industry to recapiure the cost of a mulfler retrofit program dcpcmis
on the characteristics of the market it faces. The estublishment of Amtrak and the iow volume
{und high price elasticity) of passenger service probably precludes the railroads from recovering
any of the refrofit costs through increases in passenger fares; rather, increased revenues would
be more likely to come from increasing freight rates.

7-18
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TABLE 7-18

NUMBER O RAILROADS IN UNFAVORABLE FINANCIAL
POSITION RELATIVE TO EIGHT INDICATORS

(For Each Indicator, Ruilroaas Listed in Order of
Increasingly Favorable Posjtion)

Indicator

A, Current assutsftotal assets

B.  Operating ratio

C,  Tota! ligbilities (less stockholders'
equity)/total assets

D. Income after fixed charges/
total assets

E.  Retained carnings/total assers

F. Nt income/total assets

G.  Net income/operating revenue

Number of Rouds in Untavarable Position

Inconclusive

4 roads’ greater than | (expenses > revenues)

4 roads® between | and .85

3 roads’ greater than |
2 roads’ equal |
2 roads’ between .99 and .71

8 roads’ negative
I road’s zero

13 rouds’ negative
| road’s 2ero

4 roads’ negative
4 roads’ zero
2 roads’ positive but less than 011

4 rogds’ negative
2 roads’ zero
2 roads’ positive but Jess thun .031

7-19
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TABLE 7-16

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

Number of Financial Indicators, Number of Railroads Appearing
N, in Table 7-15 uttder N Indicators in Table 7-13

] 7

2 2

3 &

4 3

5 2

6 !

TABLE 7-17

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

Length of Annual Cost Total 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




TR AN W SIFSEW AW iy

P e b e e e pern P o £ R P a1

Freight rate increases must be approved by the Interstite Commerce Commission.  Inguiries
to the LCC indjeate that the Commission plices no ¢ priord limits on the magnitude of rate increases
that may he requested, 1t is entirey the railroad industry s prerogative 1o decidve if requests for rate
incereases are 1o be submitred to cover the costs shown in Table 7-12, Any cost fuctor could form a
legitimate basis for increasing rates to recover costs. Furthermore, the Commission is considering
environmental aspects in its rate determination,  As a result of litigation involving the environmental
effects of various rate structures, the 1ICC hus prepared several Environmental Impict Statements
showing their concern.®

In summary, there are strong indications that the rate increases that may be requested by rail-
road companics (o (!cfray the costs of noise reduction wottld fall within the practice of the ICC, No
a priori bias would be applied by 1CC agents, and they can be expected to act with a positive atti-
tude toward the objective of improving the quality ot the environment,

Ta place the level of expenditure und possible freight rate inerease in perspective, we can look
at previous cost increases and subsequent rate increases, [n the 1CC report served 4 October 1972,
in Ex Parte 281, a rate increase for railroad freight was authorized. The railroads claimed in their
rate request that expenses had increased $ 1.312 billion from January 1971 to April 1972, The

authorized rate increases were

National Average 3.447.+
Last 3.604%
Soulh 3.10%
Wost 3.44%

These increases, il fully applied, woulld have increased revenue by $426 miltion; however, the most
usual case is that they are not fully applicd. The industry estimates that only 85% or $349 million
will actually be realized . ***

Since the rate increase of September 10, 1972, costs have risen by $930 million. About 807%
of this rise has stemmed from wage increases and increased payrol! taxes. In light of these higher
costs, in April of 1973 the railroads applied for a 5% tate increase. The maximum cost of the 2
year muffler retrofit program is about $51 million, which is only 5.5% of the $930 million cost
increase that led to the request for a 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 national average was calenlated 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 later in this

section,
*eex Aouin, this estimate assumes that the elasticity of demand for rail service is zero, This is
incorrect.
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The amount of the recoverable costs and the atrendant freight rate increase necessury will
depend on the elasticity of demand for rail freight service.* The anmul (maximum) rerrotit costs
for the 2-year program represent about 0.4% ol 1971 Treight revenue, while the S-year (minimum)
program represents only about 0.1% of freight revenue (see Table 7-13),

Data from Friedlander (1969, p.73) for 1961 have been used to calcutlate an overall rail freight
demand elasticity of <0.7. Using this clasticity, we cun estimate the increase in freight rates necess
sary to offset the increased costs. The Treight increases are shown in Table 718, Also shown in the
percent these increases would represent of the 1971 averuge rate per ton mile, which was $.01594,

TABLE 7-18

RATE INCREASE THAT WOULD ENABLE RAILROADS
TO RECOVER RETROFIT EXPENSES

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

-year
max 0232 1.46%
min 0184 1.15
S-year
max 0076 048
min L0057 0.36

These rate increases must be interpreted carefully. They were caleulated by using demand
¢lasticities 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 trucks and has reduced operating costs,
Sccond, the rise in interest rates has made the cost of holding inventories higher and might have
made shippers more sensitive to other service characteristics, causing a downward shift in the de-
mand curve and potentially increasing its elasticity, Third, shifts among the various commodity
classes of freight might have resulted in an increase in the elasticity. For example, if the price elas-
ticity of demand for rail service is higher for mincral ores than for manufactured products and if
the share of mincral ores has increased relative to manufactured products, then the overall elasticity
would have increased.

*Elasticity of demand is the ratio of the percent rise in quantity demanded to the percent rise in

price. An elasticity coefficient of = 1, therefore, indicates that a 10% price increase would result
ina 1% decrease in demand,
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We have atrempled 10 nrake some estimates of the new elasticity, tuking into account the shif't
in the distribution ol commodities. The results should be interpreted only as tentative, We have
used the 1961 elasticitics for euch commodity group but have weiglited them by the 1971 commod-
ity distribution,

Data trom Fricdlander (op, ¢it., p. 73) have been used 1o abtain the Fol[owfng elusticitics for

the live mujor commodity groups:

Commodity ' LElasticity
Agriculture 0.5
Animal products 0.6
Products of forests 0.9
Products of mines 1.2
Manufacturing und other 0.7

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

follows:
Commodity Weight
Agriculture 097
Animal products .0002
Produets ol forests 144
Products of mines 420
Manufacturing and other 387

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

The overall elasticity was calculated to be -0,953, significantly more than the esti-
mate of ~0.7 obtained from Friedlanders data. Even more inter2sting is the distribution of elastic-
ities by district. To arrive at these ¢stimates, it was necessary 10 assume that the rate per ton mile
for exch of the 1971 'commodity classifications was equal for vach of the three districts, Although
this is not the case, we believe the errors to be quite smail. The estimated elasticities wre;

East ~-0,99
South ~{.95
West -0.83

These figures indicate that the eastern roads, which are in finasvial difficulty, would have the most
trouble recovering the cost of a retrofit propram.  The western roads, which as 2 group are the most
profitable, would recover the cost of a retrofit program most casily.
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Given the current energy crisis, however, even this tentative analysis may not be valid = As
discussed earlier (p. 3-7) railroads use less energy per ton mile of freight moved than trucks, pipe-
lines, or airlines, As o result, railroads will be impacted Jess thun these other competitive modes by
wmereases in fuel costs,

Iris not possible to predict accurater,. at this peint, the effect of any rate increises e [CC
might grant to the railroads to recover the costs of a retrofit program.  The possible elfects of
inereased rates on demands for rail service are directly related to the current energy situation, 11
competitive modes of transportation (j.e,, trucks, pipelines, and girlines) ire more severely impacted
by increased fuel rates, the fact that railroads increased their vates 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 te accomplish a retrofit program

within a compliance period of 5 years or less, somw locomotives would have to be withdruwn from
service in addition to those undergoing maintenanes by the usual schedules. The number of loco-
motive days taken up in this manner is given in Table 7-1%, in shealute numbers and as » percentage
of locomotive days available, If, under normal conditions, the railroads are operating ut or near

full capacity,® then the figures shown in the table represent the upper bound of lost freight-hauling

capubility.
TABLE 7-19
ANNUAL LOCOMOTIVE DAYS TAKEN UP BY RETROFIT PROGRAM
Regi
Complianee Locomaotive ceton
Period Days Nutional East South West
2-year- Absolute 17,048 9,152 2,143 6,378
) % of Total
Available 194% L2505 19T% 174%
S-year Absolute 2,044 1,129 203 712
% of Totul
Available .023% L027% 0187% Li9seh

The impact of deereased hauling capability on the various commoditics shipped by rail depends
on how the railronds react to the capacity decrease, There are two ways in which demand for rail
service can be made to equal the available supply: naon-price rationing or price rationing. These

will now be discussed,

*See page 7-6 lor a discussion of the probability of this occurring,
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In the case of non-price rationing, the ruilroads could simply allow service to decline in quality
wihile maintaining the same rates, The resulting delays and uncertaintics in the trinsportation net-
work would have dilterential impacts on the various commoditics being shipped: those items highly
sensitive to the quality ol service will tend 1o he diverted to other modes of transportation, Com-
maditivs in this category are high-valued products, for which transporiation charges are o smull
Iraction of rotal value, and perishables,

Prive rationing involves raising the price of service (with the upproval of the 1CCY in order to
decreise demand to the level of the new, reduced capacity, Such a policy would affect commaoditics
sensilive o freight rates; examples of these would be mineral ores and semifinished products. Such
goods would tend to be shipped by other mocdes, or the quantity shipped would be reduced.

The probuble magnitude of the effect of price rationing can be estimatted. Tabwe 7-19 shows
that, in the worst case, eapacity would decline by about . 2% nationally. Assuming (Irom p. 7-22
that the elasticity ol demaend lor rail trnsporiation js ubout =7 gives a price rise of . 28% necessary
to ctfeet the required reduction in demand. This amounts to anaverage inerease of 004 cents per
ton mile relative to the 1971 average freight rate, This increase is fairly small, so minimal changes in
transportation paiterns may be expected as o result of the retrofit program,

SUMMARY AND CONCLUSIONS

Impact on the Railroad Industry

Cost. The cost of o muffler retrofit program is highly sensitive to the compliance peried
ultowed, Maximum total ¢ost For a 2-year program is estimated 1o be $103 million. Allowing 5
years for compliance would reduce the totul cost to approximately $79 million,

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

Effect on prices. Far the ratlroads to recover the expense ol i retrofit progriim would require
an average freight rate increase of approximately (023 cents per ton mile in the 2-year case and
008 cents per ton mile in the S-year case, These figures represent, respectively, 1.46% and
48% of the 1971 average (reight rate.

Effect on eapacity. A 2-year retrofit program would result in an annual loss of an many as
17,000 locomotive days, or sbout .2% of the total available, for the duration of the program, This
would drop to ubout‘.O“.’% for a 5-year program.

Impact on marginal railroads, Approximately a dozen ruilroads are i financial difficultics, as
indicated by the computed values of a number of srandard financiol ratios. These roads may have
ditficulty in raising the funds necessary to pay for a recrofit program,

Impact on bankrupt raifroads. Six roads are presently bankrupt, and may not be able to
finance a retrofit program without an external source of funds, The total program cost for these
roads would be 521 million for a 2-year progrim and $16 million for & S-year program,



-

Impact on Users of Rail Services

Hrices, Increases in Treight rates would tend to encourage some shippers to seek alternate
modes of fransportation. This would occur primarily among shippers of commodities whose price
is sensitive to transportation cost, such as semifinished products. [t is not likely, however, that the
small eate increases forescen by this study would cause any major hardships or dislocations,

The current energy crisis may make any railroad rate increases insignificant compared with
competilive mades of transportation, which would be more severely impacted by rising fuel costs.

Quality of service. A decrease in the hauloge capacity of the railroads may result in the diver-
sion of some freight to other medes of transport. Which commodities would be affected depends
on how the ruilroad decided to reduce demand to the level of supply. If rates were raised, the
effect would be the same as discussed in the previous paragraph, If rates remained constant but
shipping delays were allowed to develop, commodities sensitive 1o 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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SECTION §

ENVIRONMENTAL EFFECTS OF PROPOSED REGULATIONS

INTRODUCTION

The proposed regulations will immediately stop the noise emitted by railroaa trains from in-
creasing and over o d-year period will progressively reduce the noise presently emitted by railroad
locomotives. Asa result, the number of people currently subjected to annoying levels of railroad
noise will be reduced, 1t is essential to understand that these regulations are initia! and that further
noise reductions will be established in the future. OF cqual importance is that these regulations are
part of a comprehensive noise abatement eftort aimed at reducing the total environmental noise to
which the population is subjected. The composite impact of all Federal noise emission regulations
will be aimed at a level of environmental noise consistent with human health and welfare.

IMPACT RELATED TO ACOUSTICAL ENVIRONMENT
Several studies have been conducted 1o estimare the reduction in noise levels, and the number

of people who benefited as a result of the naise control standards proposed in this regulation.

Case Studies of Raitrond Lines

Ten vities with widely varying populations were selecred to make detatled comparisons of
train traffic with population densities near railrosd tracks and with the type of lund use adjucent to
tracks (see Table 81}, Such comparisons provide a basis for determining how many people are
exposed to railroad noise, how often they are exposed, and what activities they are engaged in at
the time, .
The schedules of trains moving over the railroad Hnes were determined from The Officiel Guide
of the Railways, July 1973, or from employee timetables. Estimates of speed maxims and minima
were tuken from employee timetables or obtained from railroad employees, Speeds for AMTRACK
trains were not oblained. The period between 10:00 p.m, and 7:00 s.m. was designated as “night,”
and the rest of each 24-hour period was designated as *day,” Table 8-2 summurizes the results of

the ten casc studies,

Analysis of Train Noise Impact
There are three major noise sources that contribute to Lpny (see Enclosure A for definition of

Lpn}at points along and away from railroad tracks: locomotives, wheel/rail interaction, and horns

or whistles.
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TABLE 8-}
LAND USE NEAR RAILROAD LINES

Land Use Within 500 Ft of Track
(Percent)
City and State
Industrial & Mileage
Residential Business Other Studied

Newton, Mass. 75 21 4 6
Boston, Mass, 59 9 32 7
Valpuraiso, Ind. 43 ] 49 9
St. Joseph, Mo, 42 13 45 26
Akron, Ohio 40 23 37 23
Somerville, Mass, 30 8 51 7
Michigan City, Ind. 29 15 56 17
Kalamazoo, Mich. 22 5 73 20
Altoona, Pa. 16 18 65 6
Ft. Lauderdale, Fla. 12 22 66 21
| Lewiston, Maing 12 19 08 1
Denver, Colo, 12 3 85 51
Cheyenne, Wyo, 9 11 79 15
Cambridge, Mass, 8 . 24 68 9
Macon, Ga. 6 4 90 25

Average 28 14 58  Total 255
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TABLE 8-2
TRAIN TRAFFIC AND COMMUNITY CITARACTERISTICS NEAR TYPICAL RAILROAD LINES
|r--_—- T T NUM.!";O-F MAXIMUM NU_!;H_FH oF MAXIMUM LANRUSE - NG, OF PEQI'LE —‘;;;LEZEE‘F ‘u_"
FREIGIT TRAINS | FREIGHT SSENGEH TRAINS | PASSENGER [&7] | FERSQUAREMI. STULIED _
CITY & STATE FOPULATION | DAY NIGHT | SPEED (mph) § DAY NIGHT - SFEED (mph} [ RCSIDERTIAL | BUSINESS | OTHER | WITHIN S00FT 1| LANDUSE
i Akton, [;in-u_h- B ..-5-1—:,’75 2 L] L] T 0 t - q0 23 ky) . -_-I-,f:ﬁ.;wq B " B
Altoona, Pa 51,795 ? 5- St 2 2 " - it [} ] of 3,000 I8 1
Betton, Mass. w671 [} ] a0 0 | u - m Y a2 20,660 b} > i
D.O Cheyenne, Wyn. 40,95 7 7 7 N a * q 11 % 4N 15 L
“ Columbun, Ind. pA L] | 1 S ¢ 1} ! 1 ? T 0
Denver, Colu. 1,547,004 M 10 L4 4 o A [ ki 45 3o2? 5) ]
Duthane. NC. 100, 164 1] ] 3] ] 1) 7 b 7 1,14 At
Michigan (11y, Ind. 30,389 L] 2 p1] M 1] 50 M 1% 5 60K " 41
Newion, Mass 41,060 7 ] 10 1] 4] . % M| 4 532 o h
Valparaisn, lied. oM 1] 0 113 o ] - 41 M 49 1528 14 L]
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Figure 81 shows some Lpyy profiles that were calculated by applying the prediction techniques
to actual operations on a specific railrouad line, The profiles shown in Figure 8-1 were caleutated

from the following data supplied by Penn Central:

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

0 freight traing

eacit 14 loaded cars and 10 empty cars
40 mph

and

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

36 passenger trains, each

40 mph

Passenger trains with eight cars correspond to the national average passenger loading ol cars (Moaody,
1971). The curve for two cars is displayed in order 1o demonstrate the influence of the number of
cars on the results,

Since there are no crossings along the branch picked for this study, no whistle noise was con-
sidered, Inaddition to the usual geometric attenuation, atmospheric absorption and ground surface
attenuastion (Beranek, 1971) were included in the calculation for Figure 8-1 (see Appendix B).

Figure 8-2 shows LDN profiles that were caleulated lor the average of all the train movements
in the U.S. The profiles were calculated from the following data (Moody, 1971}

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

2 pussenger trains by day, 0 by night, each 36 mph, 6 cars

Nonurban Areas

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

0 passenger trains

Figures 8-3 through 8-6 provided cxamples of the impuct 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 nearly halve the distance to which people are exposed to LDN of 55 or more by
train traffic on the Dorchester Branch of Penn Central (assuming that no other sources of locomo-
tive noise produce levels comparnble to exhaust noise levels). Figure 8-4 shows thut there is a reduc-
tion of 24,000 people exposed to Ly of 55 or more by train‘trafﬁc an 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
quiets locomotive exhaust noise by 10 dB(A) will more than halve the distance to which peaple are
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exposed to Ljyy ol 35 or more tassunting that no other saurces of locomotive noise produce levels
comparabie to exhaust noise levels), Figure s-0 shows it there is 0 corresponding 5.1 million re-
duction in the aumber of people exposed 1o Ly of 55 or more based on nativnal averae. triin
traltic,

Populition densities used to construct Figures 8-3 and 8-6 were obtained from the U.S.
Department of Commerce, Burcau of the Census. The census resulls show 28,098 people living
within 1000 feet of the 7.2 miles of track comprising the Dorchester Branch of Penn Ceniral. The
population density in the first 500 feet next 1o the line was taken to be one-half of the density for
the catire region, in keeping with national trends. '

The figures tor the number of people expaosed to noise from national average train traffic were
based on estimates of 30,000 miles of rilroad rights-of-way in urban ereas in the U.S. Urban arcas
are defined as the 40 Stmduard Metropolitan Statistical Areas (SMSAs) having average population
dunsitites in excess of 500 people per square mile and a total population greater than 250,000, The
40 SMSAs defined above have o total fand arca of §8,200 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
modifivd, however, as there tends to be a concentration of industrial, commercial, and other non-
residential activitics in the vicinity of ruil lincs. 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
lor the entire region.

IMPACT RELATED TO LAND
These regulations will have no adverse ¢ffeets relative to land.

IMPACT RELATED TO WATER
These regulations will have no effect 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 engine and may result in a change in the exhaust emissions level, Little work has been per-
formed regarding this problem. The data, at present, are insufficient to make other than a general
statement concerning the directions the various emission levels tuke when a different back pressure
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 changes in exhaust
system buck pressure, as evideniced by the tests of gasoline engines at the University of Michigan
{Bolt, Bergin, Verper, 1973}, and they must be considered. It js important to note, however, that

. motor carrier exhaust emissions are approximately 3.7 times higher than rail carrier exhaust emis-

sions per ton mile of goods transported (Battelle Laboratories, 1971), indicating that rail carriets
could be allowed some lutitude regarding exhaust emissions, in order to help solve the noise

problems.,
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It must also be noted that promulgating stricter rail carrier nojse regulations at this time may
inadvertently divert cargo traffic from the rails toward motor carriers dug to difficulties in com-
pliance with regulations, thereby causing an increase in total exhaust emissions to the atmosphers,
as well as increasing noise emissions, Based on the analysis presented, problems such as this are not
expected to arise as a result of the proposed regulations.

ENCLOSURE A:“DAY NIGHT EQUIVALENT NOISE LEVEL" (LpyN)
LDN is a modified energy-equivalent sound level. The encrgy-cquivalent sound level LEQ is
the level of the continuous sound associnted with an amount of energy equal to the sum of the
energics of a collection of discontinuous sounds, LEQ is defined by
1 2 NL/10
- 10 dt

Lpa= 10log ——
EQ o8 ty -t

9-1)

where NL is the instantaneous overall noise level in dB(A) at time t, and the time period of interest
is from time 1| to time t,, Ly is determined precisely like LEQ' except that all noise levels NL
measured at night (between 10:00 p.m, and 7:00 a.m.} are increased by 10 dB(A) before being
entered into the above equation.

ENCLOSURE B: EXCESS ATTENUATION OF RAILROAD NOISE

Many mechanisms cause attentuation of sound beyond that caused by peometric spreading,
including molecular absorption in the air, precipitation, barriers, ground cover, wind, and temper-
ature and humidity gradients. The attenuation varies with location, time of day, and season of the
year, To account for the attenuation produced by these highly variable sources, it is necessary to
compile detailed records of wind, temperature, humidity, precipitation, and even cloud coveron a
statistical or probabilistic basis. The following discussion is directed at a base case thet includes
two sources of excess attenuation that can be relied upon: atmospheric molecutar absorption and
attenuation associated with variations in the physical characteristics of the atmosphere near the
ground, Both attenuations vary with frequency. The attenuation factors were evaluated for
reference conditions of 50°F and 50% relutive humidity,

Figure B-1 shows how atmospheric molecular rbsorption and variations of atmospheric char-
acteristics near the ground change the shape of the locomotive noise spectrum. Notice that the
high frequencies become less important as the sound travels outward from the source. The atten-
uation of the overall sound level (logarithmically summed octave-band sound levels) was found to
be about 2dB per thousand ft out to 4000 fi. That value was used to calculate the propagation of
locomotive noise described in this report. The value for the effective overall attenuation coefficient
for locomotive noise is about the same for throttle position 8 and throttle position 1.

Figure 8-2 shows how the frequency-dependent attenuations change the shape of the spectrum
of wheel/ rail noise. Notice that here, too, the high frequencies become less important as the sound
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Figure 8-2. Influence of Frequency-Dependent Attenuations on Wheel/Rail Noise, Train No. 6,
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SECTION 9

SELECTION OF THE PROPOSED REGULATIONS

PROBLEM ADDRESSED AND APPRCACH

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
focal noise emission regulations, taking into consideration that (1) State and locul governments have
the primary responsibility to protect the environment from noise and (2) Federal preemption may
be waived in the case of use or operational regulations if special local conditions exist and il the
State und local regulation in question is not in conflict with the noise emission regulations estab-
lished under Section 17.

Approach
In order to develop these noise emission regulations, the following approach, based on the
statutory requirements of the Noise Control Act ol 1972, was utilized:
1. Determinstion of the sources of rallroad noise to be Federally regulated
2. Determination of the best available technology to achieve noise reduction
3. Determination of the cost of compliance 1o the railroad industry with possible noise
emission regulations
4, Determination of the environmental and economic impact of possible noise emission
regulations
5, Selection of the appropriate noise emission standards

REGULATORY APFPROACHES CONSIDERED

“Status Quo" Regulations Alternative

Status quo regulations for both locomotives and railroad cor noise could be proposed that
would preempt State and local regulations. These status quo regulations would not reduce noise
but rather limit it to present levels and would have no financial impact on the railroads beyond
standard maintenance already required, The function of status quo regulations is, therefore, one
in which the intent of the Federal government to revise the status quo regulations is an implicit
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statement that such future revision will resalt in reduction in noise Jevels with probable concurrent
financial impact on the mailrowd industry, Thos, astatus quo regulition pliced an eertain vouip-
ment and fucilities would establish the directon and intent of Federal regubation o those sonees
in the future. The rationale for the issuance ol status Juo regulations would o that the tianvial
impuct of more stringent regulations st this time would be unreasonably high refative 10 the noise
reduction achieved, Also, il noise ubatement technology were not aviiluble, status quo regulitions
could be estublished to place @ ceiling on noise cmissions and sllow time for further technoiopy

development,

Future Noise Standards Regulations Alternative

The data gathered by EPA indicate that it is leasible to reduce railroad noise with presently
available technology at a reasonable cost. However, the shortest feusible time (o apply this tech-
nology on a retrofit basis at u reasonable cost is 4 years, Thus, a regulation requiring the applica-
tion of this technology could be promulgated with an effective date 4 years in the future.

Section 17 provides for Federal preemption of State and local regulations upon the effective
date of the Federal standards, Therefore, during the 4-year period required for the application of
technology, State and local repulations could be established and enforced.

Noise Reduction in Combination with Status Quo Regulations Alternative

As pointed out in the previous alternative, if o regulation were promulgated with an effective
dute some time in the future, State and local regulations would not be preempled until this date.
However, it is not feasible for a noise reduction regulation on trains to be effective in less than 4
years when based on available technology and cost, It, therefore, would appear unreasonable to
expect quisting of trains during this period. However, it is not unreasenable to expect that equip-
ment be maintained properly to eliminate unnecessary noise. To accomplish this goal, a status quo
regulation based on proper maintenance practice could be made effective earlicr. This would not
have substantinl economic impact, nor would it produce significant noise reduction, [t would, how-
ever, ensure that noise will not increase during the period prior to the installation of noise abate-
ment equipment. Further, it would preclude the State and local governments from establisning
what might be unreasonable standards during this interim period.

REGULATORY APPROACH SELECTED BY EPA
The Environmental Protection Agency has chosen to adopt the last alternalive discussed, [t
is believed that this approach is the most environmentally sound alternative and one that fulfills

all the requirements of Section 17,
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DISCUSSION OF PROPOSED REGULATIONS

Tite proposed noise eimission regudations will establisn stindards for leveis of noise emissions
Trom all incomaetives {2xcepl steam powered Jand riilroad cars. The standirds are hased on measure-
ments of noise emission at a distance of one hundred reet from the centerline ol the railroad track.
Measurements will be made in decibels on the A-weighted scale, utilizing the Fast meter response,
mased on the measurement methodology preseribed in the repulation,

All locomotives (except steam powered) operated by surface carriers engaged in intesstale
commerce by railroad are to meet the following noise emission standards: effeetive 270 days after
promuigution of these regukicions, 93 dB(A . i any throttle setting and 73 dB(A) at idle; effective
4 years after promulgation o! these regulations, 87 dB(A) at any throttle setting and 67 dB(A) at
idle,

Effective 270 days after promulgation of these regulations, all railroad cars operated by surtace
carriers engaged b interstate commerce by railroad are 10 meet a noise emission stundard of 88 dB(A)
at speeds up to 70 mph und 90 dB(A) at speeds greater than 70 mph.

Based upon the strict Linguage of the Noise Contro] Act of 1972, its legislative history, and
other relevant data, “hest available technology™ and “cost of compliznce™ have been detined as
rollows:

*Best available rechnolowy™ is 1he noise ahatement fechnology available for application to
cquipment and Facilitivs of surfuce carriers engaged in intersiite commerce by railroad that produces
meaningiul reduetion in the noise produced by such equipment and fucilities. “Available™ is fur-
ther defined to include;

1. Technology that is currently known to be teasible,

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

3. Technology that is compatible with all safety regulations and which takes into account
operational consideration, ineluding maintenance and other polintion control equipment,

“Cost of complianee™ is the cost of identifying what uction must be faken to meet the speci-
ficd noise emission Jevel, the cost of tuking that action, and any additiony] cost of operation and
maintenance caused by that acnion,

Currently existing technology known fo reduce locomotive noise consists ol (a) fan modifi-
eution, (0) engine casing madification, and () mulffler rerrafit. Applications o1 fus modifi. on
ad engine casing modification were not included in establishing the noise emis~jon levels in the
proposed regulations because of luck of equipment availability, prohibitive w1 -nited cost data,
and low relative ¢liectiveness in noise reduction, Muffier retrodl to the locow wtive engine exhanst
system was determined to be the only method that meets the criteria established above tor “*best

il

availeble technology



Currently existing technology known to reduce railroad car noise consists ol (i) replicement
of the bolted rail with the webded radl, (b) strocturad v dntemiiee 1o mailroad car hodies, aond (@)
elimination of flat spoets on wheels. The proposed noise emission regulations did not include
replacement of the bolted rail with the welded rail and structural maintenance (. railroad cur
bodijes becsuse of prohibitsve cost und lack of data. Elimination ol flat spots on wheels can be
achieved through effective 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 are (1) the mutTler retrofit to control locomative  <haust
and (2) effective railroad car maintenance, The proposced regulations, therelore, require [ocomo-
tives to eventually mect @ noise emission standard that results in significant reduction in noise
through the instatlution of exhaust mufflers, The proposed railrcad car noisw emassion standard is
designed to ensure that railroid cars will be properly maintained so that train noise o vis will be

as low as the availubic technology permits,

9-4
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' = Railroad Contacts
Personnel in e aperations depariments of the Tollowing siilrouds were condacted in e
vonese of this stidy,
AMTRAK
Atchison, Topeka, und Sunta Fe
Baltimore and Qhio
Boston and Maine
Burlington Northern
Chesapeake and Ohio
Chicago, Milwaukee, St Paul, and Pacilic
Chicago and North Western
Chicago, Rock Islund, und Pacific
Denver and Rio Grande Western
Durhan and Southern
Gulf, Mobile, and Ohio
! Hiinoise Central Guit

i Louisville & Nushville o ;
! Norfolk Southern I
J Norfolk and Western
i fﬁ\ Pern Central
- Union Pacific :

Yard superintendents, yurd masters, or engineering department personnel with (he following
: rajlroad companies were contacted in the course of this study.
! Chicago, Milwankee, St Paul, and Pacitic Railroad Yards,
H

Bensenville, Hiinoise

Chesapeake & Ohio/Baltimore & Ohio Railroad Yard,

Walbridge, Ohio, :
, Nlinois, Ceniral and Gulf Railroad Yard :
; Markham, Hlinois and Centreville, lllinois
8 Norfolk & Western Railroad Yard, ,
5 Bluefield, West Virginia ‘5
'7 Penn Central Railroad Yard,
i
Elkhart, [ndinn:
. i

g% Boston und Maine Raflroad Yard,

i : Mechanicville, New York

, :
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Southern Pacilic Railroad Yard,
Roseville, California
Union Pacilic Railroad Yard,

Cheyenne, Wyoming

Buelington Northern Ruilroad
Chicago, Illinois and St. Paul, Minnesota
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m APPENDIX A: MEASUREMENT OF WOISE FROM DIESLL LOCOMOTIVES
CONNECTED TO L.OAD CELLS

- ALl Mississippi Street Diesel Shop, St. Paul, Minnesota

Or. April 25, 1973, B3N personnel measurcd nolse cround a
stationary 3-month-old General Motors, SW-1500 1500-~hp Zocomctiive
connected to load cella® at Rurlinpton lorthern's Mississippl
Street Dicsel Shop, in St. Paul, Minnesotu, Measurements cf
nolise due to the locomotive operavion were made at varlous dis-
tances from the locomotive (Fig., A.1) and ncar individual loco-
motive components {(Flg. A.1l.3}. MNeasurements were obtained rlor
the lowest and the highest throttle settings.

The followlng instruments were used in the tests,

; - 2 Bruel & Kjaer Model 431 1-in. condenser microphone%
2 Bruel & XJaer Hodel 2203 sound level meters
a Z Bruel & RKjazer wodel Y4220 pisitonphous callbraters
2 Nagra Model Kudelslki III tape recorders.
The microphones were mounted on the sound level meters, with both
the microphones and the meters orlented veriically and mounted on
tripods 4 It above the ground, as shown in the photographs in Figs.
A.1.4 and A.1.5. The sound level meters were calibrated pefore and
after the tests. The measurements were made durlng the merning of
April 25, 1973. The temperature was 55°F, the relative humidity was
30%, and ihe sky was clear. A wind was blowlng at 5 - 7 mpn, with
- gusts to 10 mph, from the northeast (from the observer toward the
locomotive).

Figures A{i.G and A.1.7 show the measured spatizl distribution
of sound level for the locomotive operating at-throstis settings
- 1 and 8. Figure A.1,8 shows A-weighted 1/3-octave band spectra of

e At et

® Flectrical reslstors to dissipate the power devaloped by the
locomotive, .
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the sound rocorded at measurcment posltion % while the locomulive

was operating at throttle settines L and 8,

A.2 Burnham Shops, Denver, Colorado

On May 2, 1973, BBM personnel measured nolse around a stationanry
l-year-old General Motors EMD GPAiC-2 3000~hp locomotive connected to
load cells#* at Denver and Rio Grande YWestern's Burnham Shops, In
Denver, Colorado, Measurements of nolse due to the lecomotive'!s op-
eration were made at varlous distances from the locometive (Fig.
A4.2.1) and near individual locomotive components (Fig. AL2.3). Mea-
surements were obtalned for the lowest and highest throttle settings,

.The I1nstrumentation znd test procedure are described in Sec.
A.1l. The photographs in Filg. A.2.2 and A.2.% show the confipgura-
tion of the egulpment. The measurements were made during the morn-
ing. The temperature ranged from 45° - 52°F; the relative humidity
ranged from 32 — 34%. There was a 1 to 4 mph wind blowing from the
nertheast (away'from the observer, toward the locomotive).

Figures A.2.5 and A.2.6 show the measured spatlal distribution
of sound level for the locomotive operating &t throttle settings 1
and 8. PFlgure A.2.7 shows A-welghted 1/3-octave band spectra of the
sound recorded at measurement position 5. Figure A.2.8 shows A-
weighted narrow band spectra of the sound recorded 3 ft from the
center of the exhaust and about 3 ft from the termination of the
exhaust for two throttle settings, The solid triangles indicate the
harmonics of the crankshaft rotation rate. Only the major peaks
hdve been labeled. Apparently, each cylinder contributes Indepen-
dently to the exhaust nolse. Only one readily distingulshable peak

.1s not assoclated wlth a harmonic of the crankshaft rotation rate.

The peak near 55 Hz in the spectrum for throttle 8 méy be assoclated
with the operatlon of an auxillary component of the locomotive,

% see note on previous page
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(a) GM 4624-5 CTass 0440 Locomotive Showing Side that was to be
Connected to Grid

(b) Locomotive Connected to Grid — Access Doaors Open (Grid is
Behind Locomotive]j

FIG. A.1.2.

PHOTOGRAPHS OF A GM SW-1500 LOCOMOTIVE ON A LOAD CELL
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Miodle Compartmint — Diesel Engine

A.1.3. PHOTOGRAPHS OF COMPONENTS OF A GM SW-1500 LOCOMOTIVE
ON A LOAD CELL
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(c)

Aft Compartment — Main Generator

FIG. A,1.3. (CONT.}
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(a) Looking from Position 1, Toward the Locomotive

{b) Looking Aft (South) of the Locomotive from Pesition 1

FIG. A.1.4., PHOTOGRAPHS OF MEASUREMENT POIMNT MNO. 1, 10 FT
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(k) Looking East from the Locomotive, Toward Position 5

FIG. A.1.5. PHOTOTRAPHS OF MEASUREMENT POSITION 5, 45 FT FROM
: TRACK CENTER
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FIG. A.2.2. PHOTOGRAPH OF AN EMD GP40-2 LOCOMOTIVE ON A LOAD CELL
Looking South of West, Showing Inactfve Load (Cells
Active Cells Behind Locomotive) and Measurement
Equipment at Position 5]
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(b) Middle Compartments (No. 2 and No. 3} ~ Diesel Engine

FIG. A.2.3. PHOTQGRAPHS OF THE COMPONENTS OF AN EMD GP40-2
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{d} Atop the Locomative, Looking Aft (South)
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(a} Loocking from Measurement Points 2 and

(b} Looking

Aft (South) of Locomotive, Past Tnactive Load Cells —

Measurement Point 5 Shown on the Left

FIG. A.2.4,

EHDTOGRAPHS OF MEASUREMENT POINTS, NOS. 2, 3, 5, 8,
ND 12
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Looking East, Past Measurement Point 8

Looking North, Past Measurement Point 8

FIG. A.2.4. (CONT.)
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APPENDIX B: MEASUREMENT OF WAYSIDE NOISE DUE TO TRAIN PASSAGE

B.1 One Percent Grdde, Dale Street, St..Paul, Minnesota

In the afternoon of Aprll 24 and the early morning of April
25, ;973, BBN personnel measuirad wayside noise near thoe Burlington
Northern tracks, near Dale Street, in St, Paul, Minncsota.

Fipure B.l.1 1s a map of the test site showlng two sets of
tracks. TFigure B.l,2 shows the profile of the grade in the vicin-
ity of the test site. Two trains that were observed at the site
were going uphlll, at throttle setting 8. A third traln was
moving downhill with the dyvnamlce brake activated at throttle
setting 4#. As the trains passed the test site, the measured
noise levels were recorded on maegnetle tape for later analysis,

The equipment and test procedure were the same as deseribed
In Appeondin AL, The equipment is shown in Figs, B.1,3 through
B.1.7. ™Two microphenes were located 25 ft and 300 ft away from
the center of the nearest track, whilch carrled westbound trains
up the grade. The mlerophones were 37 ft and 312 £t away from
the center of the farthest track, which carrled eastbound trains
down the grade. PFlgures B,1.3 through 8,1.7 show the areas around
the measurement points, The microphones were positioned 4§ ft
above the ground, The sound level meters were callbrated before

and after the test.

The two tralns moving up'the grade were observed during a
clear afternoon. The temperature was 62°F, and the relative
humidity was 40%. "The wind was blowing at 2 — 5 mph from the
northeast (from the observers to the track), with pusts to ¢ mph.
The traln moving down the grade was observed about %4:00 a.m, The
temperature was J4°F, and the relative humidity was 35%. Rain




.

had fallen earlier, The wind was blowing at 4 — 6 mph from the
northeast (from observers to the track), with pusts to B mph.

Figures B.1.8, B.1.9, and B.1.10 show the time histories of
the sound generated at the two measurement polnts by the hassagc
of the tralns, Flgure B.1l.11 shows the background nolse upon
which the railroad nclse was superimposed. The tralns are de-
scribed in Figs. B,1.8, B.1.9, and B.1l.10. Railroad englneers
communicated with the-train operators by radio in order to obtain
locomotive number and type, number ol cars and loading of cars,
and train veloeity. The train veloclties were checked by mea-
suring the time required for a given number of cayrs to pass a
glven polnt.

Four porticns of the time histories shown in Fig. B 1 8 were
selected for frequency analysls. and are labeled in the figure. A
sample was taken from the early portion of the records for both 25
and 300 f* to see 1’ Lhe known characterisuics 01 locomotive nolse

dominated both record° during the passage of locomotive The
corresponding spectra, shown in Flgs. B,1.12 and B.l.lh,‘are simi-~
lar to spectra of measured sound from stationary 1oéomotives. A
sample was taken from the late portion of the records fﬁr both 25
and 300 ft in order to see 1f the characteristics of wheel/rail
nolse measured at 25 It were still dominant in the nolse measured
at 300 ft. The correaponding spectra, shown in Pigs. B.1,13 and
B,1.15, show that 1t 15 possible to distinguilsh wheel/rail ncise
from leoeomotive noise at 300 rt as easily as at 25 b4

The measured values of wayside nolse .at the Dale St. site
fall within the range of other published measurements shown in
Fig. 2.1, The polnt for the noise level due to locomotives de-
scending the grade at Dale St. is on the low .side cf the levels
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shown for locomotives in Fig. . .1, because the throttlies woere oo
setting 4 and the locomotive e gines were nol developlng full

power.

B.2 Flat Grade, ETk River, Mi:nesota

On April 25, 1973, BBN pe: sonnel measured wayside nolse near
the Burlington Nerthern tracks, west of Elk River, Minnesota
{Mile Post 41 4+ 2454), There rre twe sets of tracks at the test
site, Pilve trains were observed moving past the Elk River site —
four freights and one passenge:r train. The throttles of all of
the locomotives were at setting 8.

The Instrumentatlion and tie test procedure were the same as
described in Appendix A.1l. Fijures B.2.,1 and B.,2,2 show the
measurement conriguration and the landscape around the neasure-
ment points, " Two microphones were located 50 and 300 ft away
from the center of the farthest track, which carried westbeund

' trains. The microphones were 38 and 288 £t away from the center

of the nearest track, which carried eastbound trains,

The measurements were made on a clear night, Théltemperature

was 48°F, -and the relatlve humidity was 26%. The wind varied Ifrom

imperceptible to 4 mph, and the direction shifted frequently.

Figures B.2.3 through B.2.7 show the time histories of the

- sound generated at the two measurement points by the passage of

the trailns, which are deseribed .In Flgs. B.2.3 through B.2.7.
Railroad engineers communicaten with train operators by radioc in
order to obtaln the operatlng czharacteristies of tne trains. The
train velocities were checked by measuring the tine required for
a given number of cars to pass a glven point..

T St b b bl e e U
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Elght intervalsz of the time historles shown in Fig. B.2.7
were selected for frequency analysis, and are labeled in the

- filgure. A sample was taken from the carly portion of the records

for both 3B ft and 288 rt to see if the known characteristics of
locomotive nolse dominated both records, The corresponding spectra,
shown in Figs. B,2.8 and B,2,10, are simllar to spectra of measured
sound from stationary locomotlves. Three samples were taken from
the later portion of each of the records for 38 ft and 288 ft to
see if the characteristics of the wheel/rall nolse measured at

25 ft changed 1n time or in space, The corresponding spectra,
shown in Figs., B.2.9 and B.2.11, show that wheel/rall nolse can be
distinguished from locomotive nolse at both 38 £t and 288 rt, and
the characteristiecs of the wheel/rail noise did not vary much with
time at elther 38 ft or 288 ft.

The measured values of wayside nolse at the Elk River slte
fall within the range of other published measurements sheown ln

Fig, 2.1,

B.3 Two Percent Grade, Leyden, Colorado

On May 3, 1973, BBN personnel measured wayside nolse near
the Denver ard Rio Grande Western track, at mile-point 14.7 be-
tween Leyden and Rocky, about 15 miles west of Denver on the
main line between Denver and Grand Junction, Colorado. Flgure
B.3.,1 18 a map of the area surrounding the test site. Figure
B.3.2 shows the profile of the grade in the viecilnity of the test )
site. Five trains were observed moving past the Leyden test )
slte — three freights, a passenger train,uand two coupled locomo=

tives wlthout cars,

The Instrumentation and the test procedure were the same as
described in Appendix A.l. Figures B.3.3 through B.3.6 show the

B-4
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configuration o the equipment. Two mlerophones were loeated 25 ft
and 500 £t from the center of Ghe firack. Flpures B.3.3 and 13.3,6
show the landscape around the measurement peints. ‘

The first four tralns were observed Jurlng a c¢lear morning,
The tempefature was 53°F, the ground was partially covered by
snow, and the relative humidity was 47%. The wind was blowing
steadlly at 3 mph from the west {(parallel to fhe track). The
rifth trailn was observed about 4:00 p.m. The temperature was 69°F.
The relative humidity ﬁas 19%. All of the snow on the ground had
melted, The wind was blowlng at 1 or 2 mph from the northeast
{away from the observers, toward the track).

Figures 8.3.7 through B.3.11 show the time histories of the
sound generated'at the two measurcnent polnts by the passage of
the trains., The trains are described in those figures, The
operating characteristics of the trains were obtained from the
locomotive serial numbers and from the run times by referrinr to
the railroad company's reccerds of the runs. The train veloclties
were determined by measuring the time .required for a given number
of cars to pass a glven polnt.

Three intervals of the timé history of sound lével ét'25 't
shown in Fig, B.3.11 were selected for frequency'anaiysis, and the
three selected lntervals are labeled in the figure. A sample was
taken from the early portion of the record in order to see if thé
known characteristics of locomotive noise dominated the reccrd
during the passage of locomeotives., The corresponding spectrumn,
shown in Flg, 3.12, 1s similar to spectra of measured sounds from’
stationary locomotives, Two later camples were takeh to see If
the characteristics of wheel/rall noise changed during passage
from a steady "well-benhaved" reglon into a "poorly-behaved" reglon

NI PE N IO
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of rapldly varylng and unuswally hipgh noise levels. PFlpure B,3.13
ahows that the shape of the spectrum of wheel/rall nolse did not
change slgnirlieantly when the unusually high noise level:s occurred,

Both the locomotlve noilse and the wheel/rall nolse measured
at Leyden are high compared to the other measured values shoun
In Fig. 2.1. The magnetic tape recordings of the wayside nolse
and the graphie level printouts of the time history of the sound
pressure level have been checked repecatedly for eérror, and ncne
has been detected. A horn blast, shown in Plg. B.3.7, provided a
very good check of the calibration. The measured levels for the
horn sound agree very well with point source spreading, which adds
confidence to the unusually high measured values for wayslde nolse.

Flgure B.3.1 shows that the track was curved in the vicinity
of the measurement site, That curvature may aceount for the high
wheel/rall noise, since the flanges of the car wheels may have
been rubbing agalnst the rails. The resultant leading of the
locomotives, added to the already heavy loading due to the rela-
tively steep grade, probabiy caused the radlator cocling fans to
switeh on. ' That would account for the high locomotive,nbise.
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(c}

(d)

Looking West, up the Grade, from a Point South of the Near
Field Measurement Point

Looking East, Down the Grade

FIG. B.1.3. (CONT.}
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(e) Laooking Northwest, Toward a School, from the Near Field
Measurement‘ Point
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{a) Train No. 6, Headed West, Upgrade
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(b) Train No. 6, Headed West, Upgrade

FIG. B.1.4. PHOTOGRAPHS OF TRAIN NO. 6 PASSING THE DALE STREET ‘
NEAR FLELD POINT . ¢ 1
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Train No. 6, Headed West, Upgrade

FIG. B,1.4. {CONT.)
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{a) Train No. 7, Headed West, Upgrade

{b) Train No. 7, Headed West, Upgrade

FIG. B.1.5. PHOTOGRAPHS OF TRAIN NO. 7 PASSING THE
NEAR FIELD POINT
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(d) Train No. 7, Headed West, Upgrade

FIG. B.1.5. (CONT.)
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(b)

FlG.

Far Field Measurement Point, Looking East

B.1.6. EHOTOGRAPHS OF THE DALE STREET FAR FIELD MEASUREMENT
QINT
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(d¢) Looking East into the Community from a Point North of the Far
Field Measurement Point

FIG. B.1.6. ({CONT.)
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(a) Train No. 7, Approaching the Test Area (Viewed from the Far
Field Measurement Point?

() Train No. 7, Opposite the Two Test Sites

FIG. B.1.7. PHOTOGRAPHS OF TRAIN NO. 7 FROM THE DALE STREET FAR
FIELD POINT
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Train No. 7, Opposite the Two Test Sites

Train No. 7, Leaving the Test Area (Viewed from the Far Field
Measurement Point; .
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APPENDIX C: MEASUREMENT OF NOISE DUE TO RAILROAD YARD OPERATIONS

Noise measurements were. made in two types of cur-swltehing
vards — flat yards and hump yards, In flat yards, locomotlves
push ecars while -the cars are switched from one traek Lo hnothor
and are coupled to other cars. In hump yards, locomotives push
cars up a4 hlll, and the cars are slowed by mechanical davices
called retarders and diverted by automatle switches onto selected

_tracks as the cars roll down the hill,.

€.} HNorth Yard (Flat), Denver, Colorado

On May 2 and 3, 1973, BBN personnel measured noise in and

outside Denver and Rio Grande Western's North Yard, in Daenver,

Colorado. IMeasurements were made near the nolse sources, near the
boundary of the yard, and at a point in the community outside of
the yard,

Figure C,1.1 1is & map of HNorth Yard and the surroundlng area..

.Switehing locomotives were moving along the rirst 3lx or scven

sets of tracks on the east side of the yard. The locomotives were
pushing individual cars into other cars, and assembled cars were

. belng towed out of the assembly area., In addition.to the:noise ’

due to switching locomotives and car impact, loudspeakers were
1ssuing volce communications, The measured nolse levels were
recorded on magnetic tape for later analysis.

The instrumentation was the same as that deseribed 1n Appen-
dix B.l. Figures C.1.2, C.1.3, and C.1.4 show the configuratiaon
of the equipment.’ Cne microphone was located 275 T¢ away [rom '
the center of_bhe easternmost classification track, near the
boundary of the yard." A second microphone wés loéated elther at

Cc-1
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a point Eﬁ ft away from the center of the caoternmont clasnlifien-
tion track or 1300 ft away [rom the center of that traclk, oulslde
of the railroad property, The measurements near the track were

made to relate noise levels alt the boundary of the yard to the

events which generated them. The measurements outside of the

railroad property were made to relate the sound in the community
to the sound at the boundary of the yard,

Measurements were made during three different time periods.

The flrst measurements were made at the 25-ft point and the

275-ft point simultaneocusly from 4:30 p.m. te 6:30 p.m. on May 2,
1973. The temperature was 59°F. The relative humidity was 37%,
the wind was hlowing at 1 to 4
The second set of

There were scattered clouds, and
mph from the south (parallel ta the tracks).
measurements was made at the 275-ft and the 1300-ft point simul-
taneously from 4:00 a.m. to 6:00 a.m. on May 3, 1973. The temper-
ature was 36°F, and the relative humidity was 36&. 'The wind was
negligible (iless than 1 mph). Measurements were made at the same
locations between 1:00 p.m, and 2:00 p.m. on May 3, 1973. Meteoro-
loglcal conditions were approximately the same as the conditions
under whlch measurements were made on the previous afternoon.

Figure C.1.5 shows a segment of the time history of nolse at

measurement position Number 1 in North Yard. Figure C.1.6 shows

selected events from & single 20-min recording of noise measurad
around 2:00 p.m. at measurement poasition Number 2, which was near
the boundary of North Yard. Figure C.1.7 shows selected events
from noise recordings taken in the early morning.at measurement
position Number 3, about 1000 ft from the bouﬁdary of ‘Nerth. Yard,
The measurement locations are shown in Figs. C.1:1 through C.1.4.
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The measuled noise Ilvvels shown In FTgn. C.Ll.0 Lhrougsh 01,7
are consistent with levels predieted by the methods desceriboed in
30e, I, The 80 dB(A) hor noise levels 1n Pl C.1.7 correspend
to a locanotive pocltioned directly wost of pusition 3, -The men-
sured levels for . impact noises are approximatvely the same for all
three measurement locatlons, ceorrcsponding to lmpacts occecurring

at an equal distapece from all three measuremcnt pointa, or &t a

point directly west of position 3. The impacl noise level at 50
I't from the generatiﬁﬁ event that ean be Inferred from that con-—
figuratlon agrees reasonably well with other measured values
shown in Fig. 2.1. More measurements of neise 1n flet yards are
needed, and the indlvidual sources need to be studled in detall,
Howcver, the cursory measurements presented here are useful for
statlistical analysib of community nolse levels, and the Mmeasure-
ments allow us to draw onc specilfic conclusion — that 1c%omotive
horns were the source of the loudest raillroad noise in the com~
munity during the time that these measurements were made, More
study will be necded to determine the frequency of occurrence of

the various noises.

C.2 Cicero Yard (Hump), Chicago, Illinois ' C )

On May 16 and 17, 1973, BBN personnel measured noiselin and
around Burllngton Northern's Clcero Yard, in Chicago, Illinois.
Measurements were made near the noise sources, near the boundary
of the yard, and at points in the community outside of the yard:

Figure €.2.1 15 a map of the Cicero Yard and the surrounding
area. Humping operations were underway *in the ecentral reglon of'
the yard, witb accompanying car impacts In the classificatlon area
below the hump. On the south side of the yard, switching locomo-

¢~3
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LIves moved Clat anoe lnbo and out af a "eigryenar™ T it ey
where truck trailors were loaded onto the float cars by o nvdiaulle
holst, in addition to the nolse rom swinching loconmutivaos,
"pilgpybgaak" operations, rotarder nolse, and car impact, voice and
warning signals lsoued rron varilous loudsovealkers, The meacured
noise levels were rocorded on magnetic tape for later anulysis.

The instrumentation wos the same as deseribed In Appendlx
B.1., Figures C€.2.2 throughk €.2.7 ~how the configuration ol the
tesyv equlpment., “Yhose [ijpjures also spow the nreus surrounding

the varlous test altes.

During the morping of May 16, 1973, measurements of retarder
nolse and car impact noilse were obtained, TFipgure €.2.2 shows the
retarders and measurement equipment. - The map in Fig. C. 2.1 shows
tho locatlon-of the test equipment. The mlcrophone was 10 [t
away from tﬁe elosest retarder beam. As cars moved through the
three pairs of retarders shown on the map, the levels of squeal
noise were recorded along with a deslignaticn of the .retarder in-
volved. The three pairs of group retarders were manufcctured by
ABEX Corporation. A sound level meter and a tape-recorder were
operated "in a portable mode to measure the noise due to éar~car'
impact. The impact nolse was measured at a dlstance of 10 ft.

While the retarder and impact nolse werc belng measured on
the morning of May 16, the temperature ranged from 53°F — 53°9F,

and the relative humlidity ranged from 364 — 355. There was a wind

blowing at 6 — 10 mph from the northeast. The sky ranged Irom
dark to maprtly cloudly. - '

1.

Prom 4:30 p.m. to 6:30 p.m. on May 16, rolse measuremcnts
were made at the southern boundary of the yard « Ogden Avenuz -
and at a point in the surrounding community - West 302k Street,

C-4

4

|
Vo
I
i

- - - [ TR s e R —— 5



R s dm e m P R TR PR AT TR e B

o

TR LR A T

PThose points are narisd on the map in Pig, CL2.0 and are plotured
ImYigs, C0203 ond O.200,0 Yhe temperature was O79F, wnd Lhoe roloe-
tive humidlity was 33w, Theve was a 0 — 5 mph wind from the novrth
(from the yard, toward the gommunity), HMeasuprements were nade ot
Lhose two loecations &aln hetweon 3030 a.m. and 7330 2.m, Lhe
following morning, May 17. The temperature was 87°F, the rela-

tive humidity was 37§, and there was no measurable wind,

- Between 9:00 a.m, and 10:00 a.m, on Moy 17, additional nolsc
measurements were made at the West 30th Street location.  Simml-
taneous measurements were made at the Yest 29th Street locatlon,
shown on the map in Flg. €C.2.1 and in the photographs in Flg.
€.2.5. The temperature was GI°F, the relative humidity wes 329,
and a wind was blowlng at 3 — I mph, with gusts Lo 7 mph.

Between 10:45 a.m, and 11:30 a.m. on May 17, simultancous
meaﬂurements'wewe made at the northern bowndary of the vard and
at a point in the community north of the yard. Tne boundary site
was on 26&h Street, and is shown on the map irn Flg, €.2.1 and in
the photographs in Plg, ¢,2.0. The community site was at 25:ih
Place and 53rd Streect, shown on the map in Flg. €.2.1 and in ihe
photographs in Fig. C.2.7. The mcteorolernical conditions were
the same as the conditions during the 10:00 a.m. tcsts-aﬁ West
29th and West 30th Streets, described above, ; i

Over a hundred retarder squeals were measured within the
boundarles of the Ciceroc yard at the locations shown 1n Figs,
C.2,1 and C.2.2., Filgure £.2.8 shows the resulis of six measure-
ments of retarder squeals. The yariations of the amplitudes, dura-
tions, and shéﬁes of the squeals are indicative of the 'variatilon
of the more than one hundred squcals. ' :




Flgure €000 pives Lhe freguency content. off ffive off ihe
sqlivals shown In Vi, G080 Pipwre €,2,9 shows Lhal Lhe 't
quency ot whleh Lhe nmaximum sound cceurs does not vary much fromp

cne type of genératling event to anoilher,

Figure C.2.10 shows the distrlbutlon of the sound levels of
the squeals, The signilficznce of Fig., C,2,10 i3 discusced in
Sec. 4.4,

Over 25 car-car impact nolses were measured within the bound-
aries of Cicero vard at the loecations shown in Fig., €.2.1. VFip- .
ure .2.11 glves the results of 6 neusurenents o car-car impuct.
The six impacts shown In Fig. C.2.11 are representative of all of
the measured impacts. Figure C.2.12 gives the {requency content
of a typical impact.

Fipure ¢.2.13 shows the manner in which the séund levels of

the meacured lmpacts were distrilbutcd. The signifiecance of thoe i ~

PFig. ¢.2.13 is dlscussed in Sec. 4.5,

e
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Looking East Past Near Field Measurement Point
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PHOTOGRAPHS QF THE NORTH YARD NEAR FIELD MEASUREMENT
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{c) A Train Passing Behind (East) the Near Field Measurement
Point (Not Part of the Yard Switching Operation)

{(d} Looking North Past the Near Field Measurement Point
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o,

AdOD MoVI8

TRTF SN 0 f f

(e) Lobking South Past the Near Field

FIG. C.2.2, ({CONT.)

Measurement Point



)
b
!
: -
)
|
|
(a) Looking West Past the Fay Field Measurement Point
i 7/‘_‘-‘
‘ .
Rer— Ll -
i
E .
(v}
3
o -
= |
< :
|
|
(b} Looking East Past the Far Field Measurement Paint
FIG. C.1.3. PHOTOGRAPHS OF THE NORTH YARD FAR FIELD MEASUREMEN
i - POINTS :
)

FEmTRINT AL e INESAY W ul




a
3
5
i

AS0DMNIVIH

{(¢) Looking South Past the Far Field Measurement Point

{(d) Looking North Past the Far Field Measurement Point

FIG. €.1.3. (CONT.)
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{b) Looking South Past the Fox Street Measurement Point

FIG. C.1.4. PHOTOGRAPAS OF THE COMMUNITY MEASUREMENT POINTS
- NEAR NORTH YARD
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APPENDIX D: (IME INTEGRALS OF CUMULATIVE ACOUSTIC ENERGY

Some uséful indicators of the annoyance caused by community
nolse are based on measurements or calculations of the renergy
content of noise. The energy of a sound with time-~varying inten-
sity I{t), observed Trom time t;, tn time t,, is

t
E =J ®I(t)dt . (1)
£

. 1

The average lntensity over the observatlon period, IEQ’ then is

B
Tp % 5057 (2)
The equivalent sound power level is defined as '
LEQ = 10 log IEQ/IrEf s (3).

where I . = 10°'2 yatts/m® is a standard reference intensity.
The following discussion describe the calculation of ¥ for several
classes of events that are relevant to the analysis of noise from

railraod operations, . X

D.1 HKoving Point Sources

Sections 4,1 and 4.2 of this report contain discusslons of -
the reasous for treating locomotive noise and noise from locomo~ |
tlve horns and whilstles as though they originated at point sources.

D-1




The movement of those point sources along a raillroad track can be
deseribed by Fig. D.1,1, where t is the time requlred for the
train to travel from
a point direclly In
front of an observer

to position X at ve-
loclty V.

The intensity of

sound travellng away

OBSERVER

from a point source

can be expressed as
Fig. D.1.1. GEOMETRY FOR A MOFING

-  POINT SOURCE.
| I=—— e ()

; . where I is the intensity a distance r from the source, I, is the

- intensity at a reference distance r, from the source, and o is a
measure of the dlssipation of the sound by mechaniﬁms other than
geometrle spreading of the sound wave (see Appendix E), Substi-
zuting from Eq. 4 into Eq. 1 and noting that X'= Vp yie1d§

E =

2
Ioro Jm e—ar
-0

v ax o (5)

r.z
where the limits on the Integral are chosen so as to acceunt for

- contributions cccuring at the observer location as the train ap- .
preoach from far away and recedes a great distance, ’

-

L
|
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rom Fin, D.1.1,

-

r = H/cosd
and
. = _dé
dx casg ? ‘ (6
so that
!
/
| ol
I,r? "2 - 5350
e ds . (7)
'-11'/2 : '

‘{ . E= vy
|

The values of the integral in Eq. 7 are tabulated for different
values of ald 1in Abramowltz and Stegun (1964),.

The DOT (1870) report presented a mathematical description
of wheel/rall nolse that was based on a line-source representation,
The following mathematical technique for representing wheel/rall
nelse as ordginating at a collectlon of point sources is equivalent
to the mefbod presented in the DOT report, In additlon, the follow-
ing methodtprovides several computational advantages, among which %s
a mathematically tractable methed for including attenuation 1n ex-
cess of pgeometric attenuation in the ecaleulations. The line-soubce
representation 13 not mathematically tractable when excess attenua-

tion 1s added.

Consider -a train of length %, composed of N cars of isngth 2,,
as shown in Fig. D.1l.2. The angle ac subtended by the ear at the

observer's location is.
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i

0 =2 tan™? %/? .
= L ' ¢ i
l 41
[  Ma—— M | I 1 ] —-
& (8)
pe : The angle Ot sub~-
64 H
tended by the train
at the observer's
locatlon is
OBSERVER ]
N
FIG. D.1.2. GEOMETRY OF POINT SOURCES OF By = 2 tan ° ~F— .
WHEEL/RAIL NOISE.
(9)

The 1ntensity-lc of sound at the observer's position due to a
single car is related to the intensity It of sound at the observer's
position due to the whole train by (Beranek, 1971) |

I =1 z%. - (10)

.

One then inds that the sound levels SL of the car and traln are
related by

2 tan ! 2,/2H

SL = SL + 10 log .
car train 2 tan~! gt/EH '

o~

U P

&
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Tor most tralns and for observatlon dlstances H of practical 1n-
terest, Ot = 2 tan ! gt/HH = 1. For typlcal passenger cars, which
are about 75 ft long, and typical freipght cars which arec about

55 't long, one finds that '

SL = 8L, - 4% aB , (12)

passenger car train

and

-

/SLfreight car
!

f

If each cér 1s assumed to radiate wheel/rall nolse as a point

source, E!. 7 can be used to calculate the cumulative-energy con-—
veyed by ithe nolse. The energy for one car calculated from Eg., 7
must be Hultiplied by the number of cars to get the total energy.

= 8L -5 aB . ' (13) -

train

D.2 "Sawtocoth" or "Spike” Noises

Sounds which rise to high levels in a short time and decay
rapidly present apecial problems in evaluating the averapge acoustic
energy. The procedure discussed bhelow provides a method for ap-
proximatihé the energy content of such sounds, ) '

"

Consiler a sound which varies with time in the manner shown
in Fig. D.é.l, where the sound level is assumed to rlse instan-
taneously to level B at a time which 1s arbitrartly taken to be
zero and is assumed to fall instantaneously from B to some insigf'
nificant value at time 2t;, reaching a peak at time t,;. For the
sloping stright-line part of the curve, '

SL = At + B, . ‘.. o (14)



e e — = e =TT v —

§

1

where A = SLméx/ﬁl {the slope of the stralght linec),
and 10 log I/I, = At + B
.ﬁ._._. ———8Lyax one {"inds that
I =1, (e+23At o.R3By (15)
SOUND
L!(:SVLEL The energy E corresponding to
the spike of Fig. D.2.1 then’
1s
£, oo
5 ; E =2 f 1(t)at =
0 tl 211 ! 0 -
" TIME (1) ~~
FIG, D.2.1. SPIKE PULSE SHAPE. oy or2® ( SR 1) )
. 0 .E-BT ..
(16)
: W23At, _ .
For most practical cases e >»1, and Eq. 16 reduces to
.23B .23At :
- e t (17)
| B = 2L, S @ : M
The corresponding sound equj.va'lent LEQ’ hased on averagling over
the duration 2t; of the pulse then ig found to be, ’
‘Lpg = B YAt - 10 log At, + 6.4 . . (18)
ﬁ .
& s
Qz‘{'f
i
!
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Since B + AL, = 8L .y 2% evident from Fig. D.2.1, the above reduces
3

- Lo

- Lpq = Shpay * 6.4 - 10 log At . ' (19)
The followlng examples demonstrate the range eof values typi-
cally encountered. I the sound level rises 30 d8 from B Iin 1

sec, then

= 3L - B8 .

LEQ max

Iir LEQ had been approximated by

L. = SL + 10 log &t ,

EQ max
™ where At corresponds to the "10 dB-down! points, the result would
; have been LEQ = SLmax - T, which dilfers [from Lhe correct value by,
only 1 dB. If the sound level rises 40 dB' in .1 sec, then
Lgg = SMpax - T
' '

- - )
“""‘\
- Dot

Ao Sk . - TS ;
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APPENDIX E: EXCESS ATTENUATION OF RAILROAD NOISES

Many mechanisms cause attenuation of sound beyond that caused
by geometric spreading (Beranek, 1971), ineluding moleeular ab-
sorption in the air, precipltation, barriers, ground cover, wind,
and temperature and humildity gradlents. The attenuation variles
with location, with time of day, and with season of the year, To
aecount for the attenuation produced by these hiphly variable
sources, it 1s neceséﬁry te compile detailed records of wind,
temperature, humidity, precipitation, and even cloud cover on a
statistlieal or probabllistie basis. The following discussion is
directed at a base case which 1includes two sources of excess at-
tenuation that can be relied upon — atmospheric melecular absorp-
tion, and attenuatlon associated with variations 1in the physlcal
characteristies of the atmosphere near the ground., Both of those
attenuatlions vary with frequency (Beranek, 1971). The attenuation
factors were evaluated for reference conditions of 50°F and 50%
relative humidity.

Figure E.l1 shows how atmospheriec molecular absorption and
variatlions of atmospheric characteristios near the ground change
the shape 'of the leocomotive nolse spectrum taken from Figi A.E.?:”
Notice that the high frequencles become less important'as the
sound travels outward from the scurce. The attenuation of the over-
all sound level (logarithmically summed octave-band sound levels)
was found to be about 2 dB per thousand feet out to 4000 ft, That
value was used to caleulate the propagation of locomotive noise
described in this report. The value for the eflfective overall
attenuation coefficient for locomouive ndise 1s about the same
for throttle position 8 and throttle position 1.

Flgure E.2 shows how the frequency-depéndenﬁ attenuations

change the shape of the spectrum of wheel/rall noise shown in




Pig. B.1.13. MNotiece that here, too, the high frequeneies becone
less lmportant as the sound travels oubtward from the source. The
attenuation of the overall sound level (logarithmically, summed
octave~hand sound levels) was about 3 dB3 per thousand feet out to
3000 ft. That value was used to calculate the propagation of
locomotive nolse descrlbed in this report.

Applying the two frequency-~dependent attenuations to the
spectrum for l1mpact noise shown in Flg. C.2.12 ylelds an effecctive
overall attenuation coefficlent that decreases slowly from 8 db
per thousand feet beyond 500 ft from the source. That value was
used in the calculatlons of the prepagation of car-car impact
nolse deseribed in this report.

Filgure C.2.9 shows that retarder noilsc 1s concentrated over
a narrow hand of frequencies, The calculations of the propaga-
tion of retarder noise in this report inecluded attenuation fac- o
tors taken from Beranek (1871) for the appropriate frequencles.

Data reported by Embleton and Thiessen (1962) show that ¥
noise from locomotive whistles 1s concentrated at frequencies ' E
near 500 Hz. Data in BDN files show that nolse from locomotive |
horns 1is also conecentrated near 500 Hz. The calculatian'of the -
propagation of horn and whistle noise deseribed in this report
included attenuation factors taken from Beranek (1971) for 500|Hz.

.
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APPENDIX F
- MAJOR TYPES OF DIESEL-ELECTRIC LOCOMOTIVES
; IN CURRENT U.S. SERVICE (1 January 1973)
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Turbo- | Muffler | HNumber Kumber In Service
Manufacturer Type Model H.P. |charged Type Sold Years Class 1} Class I
sr.eral noTDors Sviltaher N2 1200 llo A 1113 S3imai
Ilantro-iptive 3,5 1092 e A 2J 33==7 722 T
Zivision; ol £00 o A 652 1i-EE
3wl 500 o A 305 o3
3600 500 Ha A 13 Se—G2 GEd -
3300 ag0 NO A 260 S4—85
sY7 1200 Ho A 433 ho—51
SW9 1200 Mo A 786 1-53 1513 T
SW1200 1200 No A 737 5466
S¥1000 1600 No A 168" | 66— 158% -
SY1500 1500 me | & su6t | 56~ sLgt -
Seneral Purpose | GP/SD T7/7B 1500 Ho B 2803 4634 2552 iz
Special Duty GP/SD 38/938 1750 Ho B 4ot2 545G 3603 2l
Road Switcher Gp/SD 18,728 1800 No B 426 5565 529 3
GP a0 2000 Yes c 335 59-52 333 T
SD 24/24B 2hoo Yes c 224 56-563 2090 H
GP 30/30B 2230 Tes c 4 £1i-£3 =2 -
GP/SD/35 2670 Yes C 1645 E3-66 1652 3
GE/SD 36 2000 No B 1103* | 66~ 11037 3
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Turbo- |Muffler| Number fumber In Service
wanufacturer Type flodel H.p ciharqged Tvpe Sold Years Class I JClass Il
Fargrali Motors ~czd Twitcher 3F 33 2 u :Jm ﬁ;es C 87 EO~T0 g :
'ifeftfc' snive GE/3D 40 3000 | Yes c 2217% | 66~ 22237 L
TR £p 43 3650 | ves z 1362% | 85 13zat -
oD 334/385 50J5 Yes ac 45 5307 -z _—
DDA UpX 5600 Yas 2C 17 €3-71 =7 -
Streamlined FTA/FIB 1350 oo} B 1036 3545 13 -
Cat/Booster F2A/F2B 1250 No 3 76 5

?’§§§§Z§5er F3A/F3B 1500 Nla B 1801 | La—ho Lao -
; FTA/FTE 1500 Ho B 3982 | 49-53 1207 -
FOA/FYB 1750 Mo B 235 | 54-57 203 -
Passenger Only | ETA/TB 2000 No - 510 | k5-49 245 -
(Txin Engines) | ES8A/E8B 2259 o - k57 L5353 z2c¢ -
. EQA/Z9B 2400 o - 1hy By—£3 ge -

eneral Syitecher Ly ton Loe o - 334 4056
Zlectric 70 ton e | ves - 193 | a6-33 15 23

95 ton Dgga Yes - 46 lg—56
Epad Switcher U2SE/C 2500 Yes D 591 E3-td 32+ -
U288/C 2800 Yes D 213 66 213 -
Uuz23B/C 2250 Yes D 21?.+ 58— 2127 -
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Turbo- | Huffler | Number Humber In Service
Manufacturer Type HModel H.P. |charged Type Sold Years Class 1 |Class I1I

jeneral Zoad Switener | UICE/C 3000 | Yes D upst | a5 e -
Siecirls U338/C 3330 | Yes D 537 | 67 wt -

3080 3600 | ves D w37 | és= 1577 -

usas/C £002 Yas 2D 3 2372 L -
oo Switoher SL/3 Tl 13 - 553 ineTs - iz

S6 © 900 Yes E 100 55~50 }

T6 1009 Yes o 55 5E-62

s2/4 1000 ves E 2012 40-51 ! Rk

Poad Switcher RS1/R8D1 1206 Vos E 4c7 =G0

As2 1500 Yes i 400 L5=30 78 3

RS2/3 1600 Yes E 1312 50-56 €L 3c

RSD4/5 1€00 Vos £ 251 51-5%

RS11/12/36 | 1200 Yes b 436 56-63 343 1L

ch1s5 1500 Yes D 26 66-35 28 -

3 2000 | tes D 160 | $1-5% 12: :

A3D7/15 2400 Yes D 102 54—-60 115 -

o 2430 | Yes b 83 | 53-87 -

c-h25 2500 Yes D 91 34-65 8z -

c-628 2750 Tes D 135 63628 o1 -
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APPENDIX G: REVIEW QF THE USE OF AUDIBLE TRAIN MOUNTED
* WARNING DEVICES AT PROTECTED RAILROAD -

HIGHWAY CROSSINGS

6.1 Reguirements For the Use of Audible Warning Devices

The stopping distance of trains is much longer than
that of motor vehicles, they are much more difficult to
reaccelerate, and due to their length they often overlap
more than one road intersection at a time. Therefore,
trains have traditionally had the right-of-way at level
crossings, while motorists are expected to look out for
trains and give way. The burden is then placed upon
the railroad to assist the motorist in determining when
a train passage is imminent, The traditional method of
doing this is to sound a whistle and/or bell and keep a
headlight burning on the head ends of all trains, and to
mark the crossing in some manner so as to attract the
attention of approaching travelers.

Public Railroad-Highway grade crossings may be equipped
with one of the following, which are classified herein
into the three major headings shown:

(a) Unprotected

(1) Unilluminated stop-~look-listen sign or
"cross buck" at the crossing generally accompanied by
striping and words painted on the road surface and passive

pPrewarning signs in advance of the crossing.

G-1




(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

signs,lights, markings, etc. from (a) above, but is distin-

guished by the addition of:
(1) Flashing lights generally plus bells, which

are actuated ﬁpon the appreoach of the trains(s} by virtue
of automatic electrical signals attached to £he tracks.
These systems are arranged to he fail-safe, in that most
internal failures cause the signal to indicate the approach -~
of a train.
(2) Traffic lights may be used in some places,
in lieu of tﬁe characteristic flashing crossing lights,
but also conveying the intelligence that a train(s) is in
fact in the vicinity.
(3) Watchmen, stationed at the erossing, or
trainmen walking with their train, will "flag" motorists ;
or may activate lights or other devices. :
(c} Protected With Gates :
In addition to active signals and advance warnings !
ag in (b) physical barriers are automatically dropped in
the motorists' path upon the approach of the train(s),
often with lights attached thereto. ' ¢%j
G-2




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 protection against
motorists proceeding as soon as one train has passed, when
there may be cone approaching on anothey track.

The cost of installation of crossing signals varies
widely and depends greatly upon particular lbcal circum-
stances. Modest installations with gates average about
$30,000, and may be as high as $60,000. The annual cost
of inspecting, maintaining, and repairing protected
crossings is about $1,000 each, not including the cost
of roadway and track wvork.

Complete grade separations may cost hundreds of
thousands of dollars, or even millions, and while many
are being constructed, the number is not statistically
significant within the context of the overall problam.
(When separations are installed, it is usually possible
to arrange-for the outright cleosing of a few nearby
crossings, thus expanding the safety benefit of this

large investment.)



The level of crossing protection installed at a
particular location is determined by the hazard invclved
which is effected hy the amount of road traffic, the
number and speed of trains passing and topography. This
may be determined by the judgement of local officials,
the railroad managements, or both and is often established
simply by a past record of accidents at a crossing in
question. The investment in crossing eguipment may be
the responsibility of the railxoad, the State or local
government, the Federal government or any combination
thereof. This gquestion has been the subject of much
controversy in the past, and is in a state of flux
at present, with the trend being toward greater govern-
ment responsibility although some railroads continue to
spend large sums of their own money on new systems every
year. Autoﬁatic signal system maintenance has always
been the responsibility of the railroad.

Train born signals to warn motorists and pedestrians
of the approach of trains are required by most States.
Federal safety regulations are confined to the inspection
of such devices on locomotives, to the end that ~ if
present - they shall be suitably located and in good
working order (Safety Appliance Act, 45 USCA; 49 Code of
Ped. Regulation 121, 234, 236, 428, 429). The Federal
government has shunned dgreater regulatory responsibility

in this field in the past. There is a very significant

Ar
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Federal research and promotional effort underway to
improve grade corssing safety, however.
The State laws requiring train-horn 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
requlations:

Requirements for sound signals at public¢ crossings

imposed by:
Statute 3g
Public Utility Commission 1 (calif.)
Common Law 3
Penal Code 1 (N. Y.}
None or no information 5_

48

Requirement at private crossing: - if view is

LY

~pbgtructed PP 1

Signals to consist of:

+ .

Whistle ox bhell 24

Whistle and bell 7

Whistle 6

Bell only 2 (Fla. & R.I.) (3}

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

G-5§
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.. Distance at which signal is to be sounded:
Beginning at a minimum of distance (35 States
varying from 660 feet in Michigan to 1500
feet in South Carolina, with an average of
1,265, the most common being 1,320 feet
(80 rods).

Beginning at a maximum distance (3 States):
Montana 1,320, Ohio 1,650, and Virginia
1,800 feet.
To continue until train:

Reaches crossing 35

Is entirely over crossing 3

«« Exception of some form provided for incorporated

areas in at least 15 States:

California, Lowa, Indiana, Kentucky, Michigan, ;j
Minnegota, Misscurs, New Jersey, New York,
Nevada, Utah, Virginia, Washington, Wisconsin,
and Flerida.

.. Exception provided at crossing with:

Gates and/or watchmen - Delawaré

Flashing lights and bells -~ Illinois

(More is said about exceptions in a later section of

this report,)
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Railroad operating rules reflect the ordinances in

ef fect in the areas through which they pass, generally
encouraging the use of warning signals at the discretion
of the coperator to avoid accidents, but admonishing
against unnecessary scundings. Specific supplementary

advice is contained in Standard Rule 14, which is adopted

by many carriers, requiring the sounding of signals in all
situations where two or more trains are at or approaching
a crossing simultaneously, due to the extra hazard con-
sequent to the limited view and preoccupation of approach-
ing motorists and pedestrians when they see or hear just
one of the trains.

Two good examples of State requirements for the
sounding of warning signals at crossings are those of
California and West Virginia, attached hereto as Appendix
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
upon the operators of railroads to employ such devices.
Numercus judgments have been made against railroads in
court cases wherein the sufficiency of warnings were
questioned, particularly by juries and seemingly to a
relativelylgreater degree in California. As a result,
railroads are reluctant to dispense with any ordinary
action which might be construed to be a contributing factor

in crossing accidents, More will be said on this topic
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in a later section.

In addition to requirements for warning travellers
at level crossings, the State of New Jersey Public Utilities
Commission has ordered that passenger carrying railroads
operating in that State sound a horn or whistle prior to
stopping at or passing through a passenger station on
a track adjacent to a platform. (January'zo, 1972,
Docket 7010-525) Subsequent modifications limited this
requirement to one long blast, during daylight hours, and
then only when the engineer has reason to believe persons

may be in the vicinity of such platforms.

G.2 Railroad - Highway Accidents

There are over 220,000 public rail highway crossings
at grade in the United States, of which 22% are actively
protected {Categories 2 and 3). (There are also about
150,000 private crossings.)

In 1972 there were almost 12,000 public crossing
accidents, resulting in 1,268 deaths. These totals have
been decreasing slowly since 1966. In 67% of these accidents
the t=-ain struck a motor vehicle, in 28% a motor wvehicle

struck trains and in 5% trains struck pedestrians or there

NOTE: Figures in this section 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. Crossing figures may differ due
to the inclusion or exclusion of private crossings,
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were no trains involved. 39% of the collisions occurred
at crossings provided with gates, watchman, audible and/or
visible signals, while 61% were at crossings having signs
which did not indicate the approach of trains (Category 1).
63% of the collisions occurred during daylight, and
37% at night. It is believed that about 67% of motor
vehicle traffic flows in the daytime, 33% at night, suggest-
ing a slightly higher crossing hazard at night {37% of
the collisions with 33% of the traffic).
Automobiles constituted 73% of the motor vehicles
involved, trucks 25%, motorecycles 1.3% and buses 0.3%.
When motor vehicles struck sides of trains, they
usually contacted the front portion thereof, particularly
during daylight; the propensity to strike elsewhere in-
creases at night. The side of train category appear to
be twice as hazardous at night, in that 53% of them occur
then, with 33% of the traffic, with the peak occurring
between midnight and 2 a.m. In fact, when these are de-
ducted from the total, the train-strikes-vehicle collisions
are in about equal proportion to the traffic distribution,
day and night, _
The propensity for accodents at actively protected
crossings is also greater at night than in dayvlight, per
unit of traffic, periaps indicating that driver alterness

is a more significant factor in these cases.



TABLE 1, SUMMARY OF PUBLIC CROSSING TYPES,

LOCATIONS AND ACCIDENTS {1970)

URBAN RURAL TOTAL
GATES (category 3) 5970 2970 8940
SIGNALS (category 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.
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It could also be argued that the accidents which
occurred in spite of the active protection demonstrate
the ineffectiveness or waste of warnings such'as train
horys 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 salety,
on a 90/10 Federal share hasis, or a potential total of

$193 million, of whicn at least half is to be spent on

active protection systems. Gate installations constitute

about 30% of all new protection, and since such systems
cost about $30,000 on the average, approximately 1,000
more gate installations should occur during this three
yvear pericd, in addition to those installed at railroad
initiative. The Northeast Corridor is already on its
way to being totally without level crossings of any kind.
NOTE: Reports of crossing statistics vary from vear to

yvear, are often based on diffaerent reporting
criteria and may be for either public and private

crossings.
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G.3 The Impact and Effectiveness of Locomotive Horns

Acoustical Characteristics and Noise Impact

The audibility of air horns, the predominant warning
devices which are the subject of attention herein, nas
been investigated (.) as part of a DOT program r- 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. Obviously,
since the whole purpose is to gain attention and instilil
a sense of imminent danger and a.ertnhess 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 locemotive horn. In 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 4B,
resulting in a loudness of 128 4B at 100 feet. (The
A and C weighted loudness of the common ai:r horns are
almost ideatica.; »o distinection is made in the literacure).

Loudness a: 30° from the direction of movement

5 to 10 4B less tanan straighc ahead and it is possible



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 sirens. Fire, police and rescue units have
a parallel problem. With motor vehicle windows closed,
in modern, acoustically well constructed vehicles, and
with road neises and/or air conditioning, radies, etc.
competing with the warning devices, at least 105 dB is
needed outside a vehicle in order to gain the attention
of most drivers. Research is underway to determine the
feasibility of installing warning devices inside motor
vehicles, which would be actuated by the approach of a
train or an emergency vehicle.

In Figure 1 are shown the acoustical characteristics
of the common railroad air horns, the orientation of
train and vehicles in a set of relatively high speed en-
counters, such that the motor vehicles shown would have
a reasonable stopping distance to the point and instant
of train passage at a crossing. Table 2 lists the required ;
noise levels at vehicles travelling at various speeds
{exterior background noise assumed dominated by running
noise of wvehicle) to gain the attention of the drivers;

the 50% attention column nearly corresponds to the average
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situation today. To alart 98% of the drivers at (B)

1t 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‘zta) illustrates the noise pattern which
characterizes most horns in use today, and Figure 2(b)
depicts the areas lying within an envelope in which the
noise from a horn being blown for a crossing will equal
or exceed 77 dB for some period with each train passage,
The 77 dB 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 alsc 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.

Bolt Beranek and Newman Inc. has reviewed 202 miles
of railroad route in 12 areas of 10 cities of varying
overall size, selected randomly. The population within
1,000 feet of the railroads in this examination average
2,410. Therefore, in urban areas, about 600 persens
are usually exposed to 77 4B from an instant up to

10 or 15 seconds each time a train passes a level c-ossing.
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Table 3
% of Population
1, Unprotected 33.0 million 16
2. Signalled 13.7 6
3. Gated : (3.7) (2)
Totai 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 probably much leéss 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 pecple are exposed to
the 77 dB or greater level used here for illustration
(exterior to dwellings, etc.).

If the use of horns was prohibited at all actively
protected crossings, 30% of these exposures would be
avoided. If such a restriction was confined to crossing
with gates, 8% of the exposurass would be avoided. These
abatement measures would be noticeable to about 3% or 1%

of the population, respectively, allewing for attenuation
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locally and background noise and the fact that many
crossings are already covered by such rules.

Assuming that the use of signals and gates corresponds
to the highest hazard levels or volume classes as depicted
by the Department of Transportation, the number of daily
train and vehicle passages at the crossings in question

has been estimated as shown in Table 4.

Table 4
Daily Trains Daily Vehicles

Total over signalled

crossings 850,000 160,000,000
Average per signalled

crossing 20 3,300
Total over gated crossings 200,000 70,000,000
Average per grated crossing 22 7,800

If the average train sounds its horn over a period

.0f 12 seconds, the average citizen within 1,000 feet will

experience the noise at 77 dB or more for an average of
8 seconds. This will occur at gated crossings 22 times
per day (0.2% of the time), and at all signalled crossings,
20 times per day.

People residing within hearing of grade crossings

are generally conditioned to the sound, which tonewise

t
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is not particularly disturbing. The most common casual
notice of the use of horns at crossings 15 expressed by
persons staying at motels, which are not infrequently
located on highways which parallel railroads and are near

road crossings. Being otherwise unaccustomed to the sound,

it is guite 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, even under ideal
conditions. And the alerting capability -~ even if the
horn is noticeable - is still less. It is impossible to
determine how many accidents have been prevented by the
routine sounding of howns, although it is appavent from
the experience of train drivers that many accidents have
been averted by the ad hoe¢ sounding of horns, while an
even greater number have occurred in spite of it. However,
these comments are directed to all crossings, passive
(unprotected) as well as active (protected). It is unlikely
that either routine or ad 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 meost pedestrians can hear the horn
when it is sounded. Also, in those occasional incidents

where a vehicle is stalled on a crossing the horn may serxve
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to divert people from continued efforts to move their
vehicle and to depart forthwith on foot. But in the latter
case, sounding on a routine basis is probably not necessary.

Attached hereto as Appendices C, D, and E are (abridged)
reports on three rather typical grade crossing accidents
wherein the accidents occurred in spite of crossing signals
and the sounding of warnings by the train. These are
selected somewhat randomly, to illustrate by example a
kind of crossing accident which is all too common.

In another research study on driver information systems
for grade crossings {2) five warning systems were investigated
in detail, but, illustrating the common resignation with
regard to the effectiveness as well as undesirability of
train carried audible devices, they were not even included -

in the study.

G.4 Prohibition against the use of audible devices

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

Among the localities which restrict the use of horns

arce those ligted in Table 5.

Wi
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(1)
{2)

Table 5., Some Localities with Restrictions

The State of Florida

The State of Illinois
The State of Massachusetts
Chicago, Illinois
Houston, Texas
Minneapolis, Minnesota
Buffalo, New York
Philadelphia, Pennsylvania
Knoxvillg, Tennessee
Durham, North Carolina
Mason City, Iowa

Warren Pennsylvania
Elkhart, Indiana

Toledo; Ohio

Columbus, Ohio

Akron, Ohio

Lynchburg, Virginia

San Bernadino, California
South Holland, Illinois
2lmhurst, Illino.s
Lockport, N.Y.

Rochesfer, N.Y,

Contacted local authorities in

Specific Information contained

Not enforced.

G-21
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(2)
(1)

(1)

(1).

(n

(1)
(2)
(3)

Notes

(2) (3)
(2)

(2)

(2)

(1} (2}

(1)

course of this study.

in Appendix F.
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The 15 states where reguirements to use horns are

excepted, but not necessarily prohibited, in incorporated

areas are:

Table 6.
California* New Jersey
Florida New York*
Iowa* Nevada*
Kansas Utah
Kentucky¥* Virginia*
Michigan#* Washington
Minnesota Wisconsin

{*also have local-option provision)

In 4 additional states there is a local option provision,

allowing cities and towns to relieve requirements:

Table 7.
Illinois North Carclina

Indiana West Virginia

Two states permit silent running at crossings with

certain protection systems:
.. Delaware: warning reguirements do not apply when
crossing is protected by watchman or gates.
«« Illinois: requiremencs deo not apply when crossing

is protected by automatic signals (with or without

gates) .
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The most comprehensive Noise Control Regulation thus
far drafted anywhere is thar of the State of Illinois. As
it stands, its property line limitations would affect the
use of audible crossing warrning devices except that its
Rule 208, Exceptions, states: "Rules 202 through 207
inclusive shall not apply to sound emitted from emergency
warning devices and unrequlated safety relief valves."

Thus, it can be seen that there is considerable
precedent for placing constraints upon the use of audible
warnings, with no apparent adverse effects. However, they

are not uniformly enforced, and where enforced, the carrier

generally receives written instructions from the constraining

authority, and is nevertheless impowered to sound warnings
"in emergencies"..."in the event of impending accident"...

etc.,
G.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
intoe 300 possibly related te the question at hand.

In addaition, 5 cases were cited by a cooperating
raiiroad as illustrative of the railroad liability gquestion.
One of these was found to be inapplicable to the question
at hand, three were decided in favor of the railroad. In
the other, a jﬁry found for the plaintiff, although a
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whistle had in fact been sounded. Of these, 21 appeared to
be somewhat related and the case records were reviewed.
Nothing was unearthed which would appear to deter Federal
or local constraints on audible traincarried devices at
protected crossings.

Several themes are woven through the opinions rendered
in the many cases on record. These are certainly not
uniformly respected, but they are sufficiently common as

to be noticeable:

.. Safety provisions, including warnings, should be
compensurate with the specifics of local conditions.

.+ The railroad is expected to give "adeguate 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 comission on
the parc of the carrier generally must be shown to have
contributed to the event in guestion.

.. Motorists are generally expected to be cautious
at crossings, to the extent even of stopping or look
"and listen".

.. Contributory negligence on the part of a motorist
is generally Eaken into acecount.

The fact remains, however, that courts, especially

juries, have extracted severe payments from railroads,

G-24
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seeming usually to give plaintiffs the benefit of all doubt.
For this reason, railroad companies are understandably at
pains to make any changes which could conceivably be con-
strued as a reduction in safety precaution {or increase in
hazard). Also, the employees charged with operating trains
are usually subject to prosecution under criminal law if
negligence and/or vieclation of a statute might be involved,
and are thus inclined to err in the direction of sounding
their warning devices, not to mention their sincere personal
desire to avoid injury to even the negligent public, as

well as themselves. (Collision between trains and large
trucks, especlally those carrying hazardous materials, are
very dangerous to the occupants of the train.) A possible
fine for violation of a noise ordinance is not nearly as
imposing a threat as the liablility, criminal action and con-

science which accompany the threat of collision.

G.6 Summary

One of the railroad noise sources which has been
commanted upon in the course of interstate rail carrier
regulatory development by the Environmental Protection
Agency (EPA), Office of Noise Rbatement and Control, is

that of railroad train horns which are sounded routinely at
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grade crossings. It has been suggested that such sounding
be prohibited in cases where automatic, active protection
is in operation at the crossing itself, particularly where
this protection includes gates.

This study found that neither the safety hazard involved
in such a constraint, nor the noise intrusion without
constraint, is very significant. Neither does it appear
likely that the EPA would be exposed to serious legal
liabilities by virtue of a carefully constructed regula-
tion constrailning the routine use of horns at certain well
protected crossings. Such restrictions are presently quite
common on a local basis,

However, it remains that the routine sounding of horns
might be contributing to the prevention of some accidents,
although this is purely speculative. Certainly, a small
segment of the population is exposed to serious noise
intrusion thereby and a reduction in their welfare, particularly
&t night. But it is doubtful that anyone's health is thus
impaired, and it would be imprudent to single out and
restrict night time use of horns, since the crogssing 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
utine use of horns al cros3ings SO
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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 serious consideration be given to restrictions

upon the routine sounding of train horns at protected crossings.
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PUBLIC UTTLITIES CODE, STATE OF CALIFORNIA —
{Abridged)

Tt A bell, of at least 20 pownds welght, shall be placed on
eaciy wcecomotive engine, and shall ve rung at a distance ¢f at
east 80 rods from the place where tne rallroad crosses any
sireet, road or highway, and be Kept ringing until it has
erossed the street, road, or highway; or a steam whistle, alr
slren, or an air whistle shall be attached, and be sounded

except in cities, at the l1like distance; ete.

-
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ENCLOSURE B

THE WEST VIRGINIA CODE
{ Abridpged)

§ 31-2-8. Waming of appreach of train at crossings; crossing

ratlroad tracks,

A bhell or steam whistle g 11;1—11 L2 placed on each lacomotive enging, which (

shall na 2 TUng or whistled by the engincer ¢r fireman, at o m:t'mce oL at

Teast sinty rods fram ihe pluce whera the railvoad crosses any ';.uhhc Street

oF Mphway, and ba _kept ringing or whistling Jor o time sufijelent to cive
28 LIREING

due rotice o. the approach of such train barore such street or hlghwav is
“yeachod, and any_fuilure soto do jz-a_misdomizaser punishabie by o S 7

o DT
Sl e S g

nnt e::ceedw" onc hundrul do)]n '35 and W the cm-pomh-:m own-:zc o1 GnCrat-

el

I. Beoper of Smtute uz to Warnings,
A. Gerere} Consideration.
2. Does Not Apply to Trespassers.
C. Does Not Apply to Employees.

npttn

ffread Sarall dnan

II. Failare to Glve Warnings as Negligence: Contributory Negiigence.

Iil. Evidence,

L SCOPE OF STATLTE AS TO
WARNINGS.
. 4. General Copsideration.
Michie's Jurtsprudenne.—-For fult treat-
raant of accldents at crossings, sec 15
sLd, Rallroads, §§ €.-101. As to duty to
Sive sigzal by bell or whistle, seo 15 MLJ.,
Hailreads, §§ 81-83,
ALR references, - Railrond company's
reglizence in respeet to maintnining fage-
i crossing, 186 ALR 1273; 71 ALR

l‘f)
Dty of rafiroad ca"m'm}' to maintain

nagiean zt crosslng, 24 ALR2Q 1161,
Aumloxilility of evidence of traln sne r:d
.--.- tr' srivdescenysing pocident, and
N LRINE tm el

Lpous the stziae
and warning ta
wds, under sha

nrouaistanges of
N

TRy bt Rome n-..L,L..LL nmicthods of
il ntshalibbiod st

.
L REIrcatent

_apprising travelers of the crossing must |

The_pragifted, wiland v. Slenonguhela &
¢st Penn Pub. Serv. Co., 106 W, Vu. 528,

147 S.E, 478 (1928).

Both hell and whistle are not required
without statute, — There is no absolute
requirement upon & railrend company te
blew & "whistle and ring o bell at a
erossing  unless made so Ly statube.
Niland v, Monangahela & West Penn Pub,
Seee, Co, 100 V. Va. 525, 147 SB. 478
(1928), ,

The methods of apprising travalers of

. & crossing almest ....\'exaulu siopred

rre by the ringing of 2 bhell &r the
gsourding of a whistle, Lt ir oxier to
! bl the I hath

Vhe Provis siong of ;h;s f-nro
tian as to warning sirnals are of bread
application nmd ave minimuns” require-
munts, und in every case tho compliance
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with thiz statute, ph

neglicenee of the !
irane lad defenie o L
sive Haltlnare
Derwany
Travelers have _th
1 -"'illlg'\\'_.ll

v,
T LT SE LT (Lela.

as required Dy statnte—"7
witupbiie on o public
invitce, and the railway 2
ouly to use reasonable cure
with the nutonsobile, and owes oniy the
duty to give the signals provided by siate
ute, Chesapeake & O. Ny, v, Havrwed], 12
W, Va. 838, #3 S,12.2d 462 (1450).

R

« ghis seetien s intended 1o proinct
T—The duty Jreposed
“n holi or whistie whan
erassing dniad A0t -

- oge

11, VAHLURY TO GIVE WARNINGS
A8 NEGLIGENUCE; CONTRIBU-
TQRY NEGLIGEN CE.

Vialation of section ix nepligence,—Tha
failure to pive RYOIRT signali ol _:I:e
apprasen of » train to a ~nilroad crossing
as required by thig goction would eanstis
e negligence on the partof a defendant
raitrord.  Cavendish v, Chesapeake &
Q, Ey, 09 W, Vo, 400, 121 §.F, 08
(1924),

1at dees not impose Hability unless it
proxhmotely caned injury.~-Linoility for
fnjury to baby of 13 months could nat L2
based on fzilure to give signals sirce tho
failure was mnot the proximata eavse of
the injury. Virginian Ry. ¥. Armerarost,
155 F.2d 455 (4ch Cir, 1030)

Faiture to ring the beli or tlow the
whistiy at crassings, though a
Jaw, will ney render the o
snless that be rhe prenl iaie . adee
injury Beyel v. Newport News & M
RR., 84 W, Vo 548,12 3.8, s

roud w nct Halie if ve
s R il 1D Y0L
LIS mate cadie,
wie one ia iFjarcthyeaATelany wriv.
g o a rajlroad crusaing B ofrene of @
maviag engine or traln, the ow
cause of his injury pust be regaried
his contrilutory negiigend, und rel the
pepligence of . pmileond company in
w tn vieg the bell oT Hlaw the
whistie, Cling v, Mueddos, 83 W. Va, 523,
ar S.E. 218 929

» on tha part
R TANH Y

Lhod a8 4 Baelee el
ave Lo e
ne v WL Ry, 4T
(1434},
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quires, o asceTiadm whether o tealn i3
approaching the eroasing, Heyel v New-
port News ¢ Mizs. Vidiey RO, 33 W, Va.
533, 12 5.E. 552 (1800} Hassfard v, Pitts-
burg, Cincinnati, Crirzea & i, Louis Ry,
70 . Va. A0, 77 5.8, 826 {19145 Cline
v. McAdno, 853 W, Va. 024, 1WE 3.E. N3
{19200+ Booblasen v Chesipeake & 0. Ry,
02 W, Va. JIT, 110 3.8 570, 22 ALLR
§32 (1921); Cavendish v, Chasupeake &
0. Ry, 95 W, Vo, 308, 121 S.E. 462 (1021
Gray v. Norfulk & W, By, 49 V. Va. 5373,
130 S.E. 180 (1923); Berkeley v. Chesa.
peake & O, Ry, 13 W, Va. 11, 26 8., 319
{16040},

Though a traveler has the right to as-
gume that warning signals required by
this section will be given, fafluve to give
them witl not excuse kim fram exerclsing
ordinary cave, and taking the necessatby
precuutions for his sefety, Arrowood v
Norfolk & W, Ry, 197 W. Va. 310, a2
8.Ee2d 634 (1041). :

Il1. EVIDENCE,

_The _hurden_of roving that siznale
were_ngt _glven rests upon the plaintiif,

Farsons v, wea 3otk Cenk, dueit, 127 ALA
Va. 619, 34 S.E.2d 34 (1043),

No confifet in evidenve where some
wiinesses heard signals.and seine did not.
—The fact that witnesses have haard sig-
nels given Ly a lovomotive spproaching
0 ecrassing warning travelers of danger,
is nat mecessarily in conflict with the evl-
dence of other witnesses who did nac heny
themy 703 the chivl iar of Lhe fact by,
these wha hLeard is -consisient with the
failure of the others to hear them, Cuven-
dish v. Cresepenke & O, Ry, 95 W. Ve
250, 121 3.E. 488 (1924). )

tnless witnesses not hearing had equal
opportunity tn do so, -— Tustinmony with
reference to the statutory waraing shennls
which only goes zv far Ls to c0n Jish that
the witnesses did not hear the ol rung
and tho whistle seunded oorot in
with the testimony of ciher witnesses whe
tragifiend that in fact the whistle wos blewn
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AR HEREN
i peaition to oleorve but not

3 aald ure enlitled to peendior
woeldnt—Where the withedies wese In a

a2t obrerve with unuaual
cirenmatan. s surrcdnding
their testimany 3 ta Lhe
4 tha custemary warnings

s
wristle, eor both, within a
diziance from l‘.he eraasing, a

tuied by reason and reg
tinr, f4 entitiod to peouiiar
dorph v. Hines, 82 W. Va
Tio(1001), cmm: Carnelin v
& Mizh, R, T2W, Va, 534, 87 3
(1014} Southern By, v Hryanr, &3 Vg
213, 28 S.E, 1E3 (1587).

Thus, denial r‘nt siznals \\orr- "m--\__

may prodiés jury. guest

—
meony of one Wirkess, who L.emun " at s

railread whistle was sounded on a yiven
veeaston, is es positive evidence as thae
testiniony of another who amrmsg tie fas,
whera each has eguzl opportunity of hexr.
ing and the astention of the Zasrnns
becpuse  of  spocial  elvcumstoness L
equally drawn with that of the latier
the sounding of the whistle, The
by the ene and the a...:—mn..ce by the ¢
prudmew a conflies of evi idered, w
1s tm.- provisce of ‘the 'ur) .o m..
Loy w. iirkkari, 130

.‘.:E 2d 634 (147},

Whetker a confliet arises hotw
tive and negntive evicence
charpeter deperds upon the fa:
cireumstances of eacle cage, from
may be determiined whethor such r
"co has any, -ambx:m'e value, Ca

i Chcs:l[ ane & O, Ry, 95 W, V.
"'-0 1"’1 S.E. 208 (1934); Tawney v, iif®
nart, 130\, \n. 5a0, -H 5.E. 431 4!

Since, If evideace conflicts, quest
rur fury—Where the evidence ps to
ing the whistle and ringmg the !
in cunflics, the guertion of fact is
armined by the jory. Kel

pieh, Py, 00 WL N

); l'm\r‘.ﬂ\'\ Kir

\‘. \::. mD ~ll Ead 6ud (354Th.

Wiera the evidence econ

craiibla, the questlen is one oo

Pursens v, New York Cent. R ll.. :.‘Z
Va1, 31 5B 334 (10455

v B B TV P
SELOAnT (1),
Q"&"ll.‘l"l af lJ.i\l.‘hr‘a ettt 0
N - ey
3

hc'.] L ]ur\ —"-"-. L
—

- Nordnli & W, Ry, 127 W. Va. 310, 2
(4 B3E (M1,
Yovidenee  held jnscflicieut 4o submit
i d% pegligence to juey, == In netion
uries susluined in ervssing collision
tance whs insuticlent o justify sub-
. jury af guestion af vailran-i's
;‘:;.-i;,,mre in faiwre 1o comply with this
setion, Baltimore & OUR.B. v, Deneen,
lﬂl 7.2d 674 (4th Cir, 1947},

Evidence held sufficient to sustnin ver.
givt for either -perty. — Conilizting evie
dence on question of whethor rnilrcad
save statutory warning signals required

hy this section was sufficlent on both
sides to lnve sustained o verdier in favor
of ¢ither party. T'\.'-" ey v. Rirkhart, 130
W. Va. 539, i 5.E.2¢ 63 (1947).

Evidence held to faver railronds come
plance with seetinn,—In Krodel v, Balti-
mare & ORR., 99 VW, Va. 374, 123 S.E.
525 (1485), there was some cnul‘llct of
testimony ns te sounding the whistle and
ringing the bell nt o raitvoad erossing, hut
it was held that the weight was in favor
thut  the defendunt complied with the
statute,
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ENCLOSURE C

MULTIDISCIPLINARY ACCIDENT INVESTICATION

Case No. UC852D

(Abridged)

Prepared by

University of California
Los Angeles, California

The contents of this report reflect the views of
the performing organization which s responsible
for the facts and the eccuracy of the data pre-
seated hercin., The contenta do not neccasarily
raflece the official views or policy of the
Departmant of Transportation. This report does
not constitute a stoandard, specificatlon or
vegulacion,
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UCLA COLLISION INVESTIGATICN PROGRAM

VEHICLE COLLISION REPORT °

]

' Prepared for the U.S. Department of Transportation
National Highway Sofety Bureau, |
Under Contract FH=11-64%0

b

Certain information contoined in this report is obtained from indirect sources.

The opinicrs, findings, and conclusions expressed in this publication are the:.
of the authors and not necessarily of the Natienal Highway Safety Bureay,
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U, C, 852D
1. STANDARD CASE SUMMARY

1.1 _SUMMARY TEXT

IDENTIFICATION: This train versus outomobile collision occurred on @ Thurs-
day at 10:51 a.m. at a combination intersection/railroad

crossing in California.  Maximum occupant injury severity: critical (06) Collision
causation: driver inattention,

AMBIENCE: . Day; weather clear and dry; roodway dry,

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

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

TRAFFIC CONTROLS: The lanes are separated by broken white lines with oppesing
lanes divided by double~double yellow lines. There is a

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

H

VEHICLES: Vehicle #1: Freight train weighing approximately 400 tons.,
Vehicle 72; 1967 Cadillac Coupe de Ville two~door hardtop

with power windows and seat,” INo apparent defects. Collision damage to right door

causing intrusion of 12", Qecupant contact with Intruding doar and train. Deformation

lndex: O3RPMW2,

CCCUPANTS: Vehicle #2: Driver: 59-year-old female, height, 64",
_ weight, 160 Tbs, Lap belt inuse. No HBD or drugs. In-
juries: fractured rib, lumbar back strain, abrasiens, and contusion.

Right Front: 63-year=old female. Na rastraint
inuse, Mo HBD or drugs. Injuries: compound, depressed skull fracture with cerebral
centusion, chrasions and contusions over body.

DESCRIPTION:

Pre-zellision: - Vehicle 2, the Cadillac, approaching the T-intersection,

) . failed to stop at the railroad crossing in spite of the warning
lizhis wod bell, Slowing for the red light at the intersection, the Cedillae entered the
tusks, into the path of the train, The train wos eastbound at approximaraly 15 mph,
aprreaching the crossing, The train engineer was sounding the whistle and applied his

brafioe when ho caw the Cadillas in crasing. T T
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Collision;

The train struck the Cadillac in the right side, pushing it 150
ft. along the railroad tracks. The Cadillac remained in o

position at a right angle to the railroad tracks. Occupants of the Cadillac moved to the
right, and the right front occupont was struck by the intruding train.

Post=collision:

Qccupants were hospitalized, Railroad crossing gates were
later installed at the crossing.

1.2 CAUSAL FACTORS, CONCLUSIONS, RECOMMENDATIONS;

Matrix cell

{(*indicates positive factor)

1

5%

8*

Explanction
Driver inattention and/or distraction appecr 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 doar penetration of 12" dua to side impact.
Door metal torn in orea of hinges.

It is recommended that integrated side structures
be employed, combining strength of frame, door
sill, body pi!!crs and roof.

Right 'door latch and hinges did net fail,

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

Vehicles were allowed to stop on railroad tracks
while waiting to turn at intersection,’

It is recommended that visibility of encoming trains
be maximized by remaving obstructions. Vehicles
should not be allowed to wait on ratlroad tracks,

Railroad eressing gate wes installed and light
locations were alterrd ofter the collision.,
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ENCLOSURE D
. SOUTHWEST RESEARCH INSTITUTE

CASE SUMMARY
{MV-.TRAIN-INTERSECTION COLLISION)
' ~ CasoNo.7178 .
{ Abridged)

IDENTIFICATION

This accident occurred at the MKT railroad grade crossing on Eisenlauer Rd. at 1835 in San Antonio,
Bexar County, Texas, on Thursday, September 30, 1971 at 1335 hours, involving the collision of a diesel
freight engine and a 1970 four-door station wagon with a lone driver, The westbound automobile was
struck on its lefl side by the northbound locomotive, The area is residential, The accident was injury-
producing; AlS Scverity Code Na, 3,

AMUIENCE

i was daytime with partly cloudy skies, 85°F dry bulb, 57 percent relative bumidity, 10-mph breeze
blowing from the squtheas‘ti the road surfaces were dry and clear of debris and loose gravel,

HIGHWAY _ -

Eisenhuuer Rd. is a major access artery between the interstate loop expressway system and the
tesidential areas of northeast San Antonio, It is a 41-li-wide, four-lane, Iwo-way roadway with sn asphalt
sutface of the intermediate type in good condition, The road js divided at this immediate area of the [H35
access road -Eiscnhauer Rd, intersection by 6-in.-high concrete channelizing istands. The traffic lanes are
10 ft wide. Eisenhauer Rd. tuns cast-west and is bounded on both sides by o 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, onc-way,
twa-lane 24-ft-wide [rontage road runs & [t cast and paralielta & mainline, single track railroad right-of-way,
both intersecting Eisenhauer Rd, at this point. An exit ramp from IH3S is immediately north of this inter-
seclion and an entrance tamp is immediately south, These tamps conneci 1135 to the frontage coad.

TRAFFIC CONTROLS

The posted speed timit an Eisenhauer Rd. is 30 mph. The speed limit is 40 mph on the frontage
road. A ruilroad company-imposed speed limit of 28 mph is assigned for 0,5 mile each side of the crossing.
Traffic contral devices consist of pavement mackings, b-in.-high channelizing islands, regulatory, warning,
and guide signs. There are two flashing amber lights, 30-in,diameter vellow railroad advance watning signs,
and black-on-white railroad crossbucks. Thete are neither traffic contro! signal(g) in the area noe & flashing
red tight or bell warning signals, gates, o guxrds to provide immediate warning of an approaching train,

VEHNICLES

No. 1. 1968 GP40 Electromative diese] (reight engine, The 3-yr-old engine is considered to be in good
operating candition with no indicated defects, Minar secondary damage includes bent brakeman's sieps,
bent coupling actuator lever, and aichose torn toose, sevondary vehicle deformation index [2FDLWI. The
retail repar cnst was nil,

No. 2. 1970 Oldsmobile Vista Cruiser, four-door, three-seat, yellow station wagon; cdameter reading
22,224 miles; valid Texas Motor Vehicvle Inspection sticker with a damaged illegible date; equipped with a
standard 350-cu in. eight-cylinder gasoline engine; aulumatic lransmission, power steezing, and power front
dise-type brakes; radio, heater, air conditioner, and tape deck; padded arnirests, sunvisor, scat back tops,
intedor rearview mirror, windshield interbeam, and instrument panel, Three seatbelts and two shoulder
straps for frone beach-Aype scut and three seatbelts for the second bench-type seat, The shoulder siraps
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were in the stored position, No defects were apparent or indicated. The last vehicle maintensnce w
performed at 13,663 miles on Junwary 21, 1971 and included lubrication and oil and filter change, Prima
contact damage was 16-in, sheet metal and frame deformation to the left side, primary vehicle deformati
index 09LPAWS, Secondary damage was to the tires, rear bumper, and roof. The retail replace menl valy,
was 53075 (lotal luss $200 salvoge value). , i

!

OCCUPANTS
i

Vehicle No. 1. Engineer: 46-yr-old while male, 71 in,, 155 Ib (cstimated). An interview was no,
abtained, He was familiar with the vehicle ond the route traveled, ) 1
. . ]

i

Injury; None, .

Vehicle Nao, 2, Occupant No, 02, Driver: 42.wr-0ld white female of Latin-American extraction, 62in.,

132 th, She has heen driving 20 yr and currently drives approximately 9000 miles/yr. She was ¢nroute

from her hwshand's office to home, a distance of 10 miles, The accident occurred 1 mile from her destina-

tion. She hud no definite ETA, She was familiar with the vehicle and with the route traveled. She has had

no Tormal driver's education, Her physical condition wos excellent, Her precrash state was resied with no
stress; she was inattentive to her driving task, Lap and shoulder restraints were available, but not in use,

Injury: Severe {not life-threatening). ‘AlS Severity Code No, 3.

STANDARDS )

The following Highway Safety Program Standards (HSPS) and/or Motor Vehicle Program Standards
(MVPS) were celevant 10 this case:

HSPS No. 4= DBriver Educatiun Use of Occupant Restraints, Radio, and Failure to Look for T uln
HSPS No. 9-tdentifivariin und Surveillance of Accident Locations

HSPS No, 13-Traffic  atrol Devices

MVYPS No, 201 ~fcepunt Protection in Interior Inipace .

MVPS No, 214--Side Door Sirength, i R

DESCRIPTION R
Precrash: The driver of vehicle No, 2 (passenger car) was traveling to her home from her husband's offive,
She hod left notthbound IH3IS and turned west onto Yisenhauer Rd., pussing under the IH3S overpass, She
crossed the southbound [rontage road at a relatively low speed (estimated not more than 25 mph) and
drove in fronl of vehicle No. t (diesel freight cagine), which was moving north at about 25 mph with its
horn blawing for the crossing. There were no skidmarks (rom vehicle No. 2 prier to impact, The car radio
was in opention, .

Crash: Impact occurred on the left side of vehicle No, 2, centered approximately at the “A'* pillar line, as it
cros.ed the ratlroad track in frent of vehicle No, 1, The coupler of the {reight engine forced in the forward
portion of the door structure, firewall, cowl, and instrument panel struciure, Other portions of the front
structure of (e engine -brakemuin’s steps and brackets-foreed in the doors, floor, and frame left sideail to
a depth of 16 inches, The passenger vehicle was pushed nocthward on the railroad right of way. It then
yawed lefl und came to rest 88 1t (rom the impact point, parailel to and 7 ft west of the tracks facing the
crossing. The unrestrained driver was first thrown |efll against the incaving side siructure of the car, Thon she
was thirown to the night, Vehicle No, | stopped 313 (t irom the paint of impzct,

Postersah: The ddriver of velucle No, 2 was not ejected from the vehicle. She was removed from vehicle

No, 2 through the right front door without complications. She was tuken to the hospital by ambulinee

G=40



RIS Al per W BIWERN NI bl

approximately 20 min after the crash, Because the automobile came to rest & considerable distanee from
the rosdway, thete was no appreciable interference with traffic, A wrecker had no comglications in picking
up the vehicle and towing it away. Sioce the locomotive was not significantly damuged, it was able to

! proveed, Traflic on Eisenhauer Rd, wus estimated al 15 vehicles/min; on the frontage road, traific was
estindled at 5 vehicles/min,

CAUSAL FACTORS, CONCLUSIONS, AND RECOMMENDATIONS

Mulrix Celd
{* Indicates
Posilive Factors) Ex planation

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

1 Driver No. 02 had her radic on and windows up, which may have prevented or
seriously intetfered with her ability 1o hear the train®s signal hora,

1 The engineer may have been speeding, with respect to the company-imposed Lmit of
25 mph, 40 to 50 mph, This is the situation if the troin brakes were adequate and if
the engineer maintained a locked brake mode throughout the stopping sequence,

2 Driver No. 0 was not wearing the uvailable seatbelt or shoulder strap,

3 Driving in a veil of interior noise {radio, air conditioner, etc,) with the windows closed
m should be discouraged in driver education programs,

4 The train should have been capable of stopping within 104 £t from 25 mph. The 3144t

stopping distance, from the point of impact, suggests that either the driver did not

D fully apply the brakes at some point during the collision sequence or that the brakes
were nol performing adequatety,
*5 Occupunit injuries from impact aguinst interior surfaces and protuberances were mili-
gated as g result of adequate padding and interior design,
' B This site has an extremely high accident rate; however, more adequate traffic control

by a lrain-approach signal system hus not yet been authorized,
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ENCLOSURE E

Maryland Medical-chél‘ Foundation
Office of the Chief Mec.!ical Examiner
. State of Maryla.nd
Truek/Train Impact

Case # MMF 72-24
(Abridged)

MULTIDISCIPLINARY AGCCIDENT ijVES'I‘IGATION SIMMARY

IDENTIFICATION OF COLLISION

The highway is & state road Yraversing north and south in the sovth~
east portion of an indusfrial section of Baltimoré County. The accident
occurred in September of 1972 at 0400 hours on & Friday involving 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-B
AMBIENCE -

Night; no illumination; misty; 58 degrees F.; 607 relative humidity;
wind 10 m.p.h. from. the northwest; visibility of 500 feet; road surface
was wet; coefficient of friction .55 dry (measured) and .45 wet (estimated).

HIGHWAY

The highway on which the accident occurred is a major arterial state
road with a total width of 106 feet conslsting of tweo 12 foot lanes going
north and two 12 foot lanes going south divided hy a 48 foot grass median,
The roadway f£3 of black top macadam with an 8 foot shoulder on the east
side and a 2 foot shoulder on the west side. The roadway is straight and
level. There is no artificial lighting and within % mile there are two in-
tersections; one being 800 feet south of the railroad crossing and the other
being 600 feet north. There are 9 telephone and transit poles within %
mile. The gcecident history at this peint within a year pravious is & pro-
perly damage and 3 personal injury accidents with an average daily traffic
of 22,500 vehicles. N '
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'TRAFFIC CONTROLS

The speed limit is posted at 35 m,p.h. and there are intermittent lane
lines with solid edge lines painted in the roadway.” There arc standagrd
raflroad ervosging signs and lights at the right side of the road with)over-
head cignals actuated by the train, =~ ‘ \

'VERICLES INVOLVED

Vehicle #l.was a 1969 G.M.C, Tractor, two-door, red in color with an
odometer reading of 49,760 miles. There 1s no inspection data but the
vehicle was well maintained by the company garage. The vehicle was equipped
with manual steering, mapual transmission, air brakes {drum type), seat
belts (being used by the driver when the accident occurred). There was no
previous damage noted, Damage to Vehicle #1 on impacting the traip at an
eleven o'clock principal impact force was to the left front causing a shest
metal erush of 38 inches. The bumper, grille, fender and hood deformed
rearward into the engine compartment whereby the engine separated from mounts.
The lefr front wheel and assembly moved rearward. The seats moved forward
and the driver impacted the steéring wheel and column with his chest and
his head impacted the left A~Pillar as it was deformed inward and rearward.
After the initial impact a second impact of 06 hours principal force occurrad
d4s the trailer sheared from the fifth wheel and impacted the rear of the cab
with a sheet metal crush of 18 inches compressing the cab interior by 507
pinning the operator in. s
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 to the right front slde.

VEHICLE DEFORMATION INDEX: 02 REMW-1
OCCUPANT PATA ¢ i i.L P

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

ties, contusions of lungs with hemothorhﬁ, laceration of heaxt, laceration
of 1iver and spleen with hemoperitoneun, rupture of bladder; and contusions
of hippocampi and temporal lobe of brain. ' (AlS-8) .,

G-44

~~~

e
Vori?



FRWS R Al b

el R AT T emie e

and height unknown having 40 years driving experience with 15 years as a
railroad enginecer. His driving record is good with 10,000 miles per year
plus rail usage undetermined, He is familiar with the engine using same
three to four times weekly. At the time he was shifting cars along the
railroad from yard to yard., His engineering ability was taught to him by
the railroad company. There were no drugs or aleohol involved, There were
no restraints available and no injuries. There were threa passengers on
the train and they were not injured or restralned, Passenger #1 was a
vhite male, 56 years of age and he was seated in the [ront c¢enter. Passen-
ger #12 was a white male, 36 years of age and he was seated in the front right,
Passenger #3 was a white wale, 54 years of age and he was seated in the rear
left, . L -

STANMDARDS . -

1. FHSPS #9 - TIdentification and Survellance of Accldent Locations.
The railroad crossing is well protected with traffic signals ac-
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..

"COLLISTION DESCRIPTION

Pre~Crash

The driver of Vehicle i1 reported to work at the usual time, 0130 hours,
and had proceeded from the terminal to deliver a load of hardware to a dis-
tant city. MNe was cperating the vehicle northbound on a state road at an
estimated speed of 45 to 50 m,p.h, and when he approached the east/west rail-
road crossing 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 8 to 10 m.p.h., There is no evidence
to show that the driver of Vehicle #1 tried to take any evasive action, how-
ever, the operator of the train did apply his air brakes for an emergency
gtop.

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 fifthowhael and impacted the

rear of the truck ecab. As the vehicle rotated 25 clockwise, and coming

to test 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 wids impacted at the right side at front initial impact
force at 02 o'clock deforming the entrance steps and the hand rail. 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
brakes for an emergency stop and the train remained on the rails coming to
a atop 168 feet east of the impact.

G~45



PR P JCIE IIT A R )

Post-Crash

Vehicle #1 came to rest 42 feet east of the impact facing east off the
roadway and Vehicle #2 came to rest 168-feet east of the impact, on rails.
The operator and passengers of Vehicle #2 wére unhurt. The operator of
Vehicle #11, due to the compression of the truck cab from the front and rear

impacts, was pinned f{n the cab.

Emergency rescue equipment of the Police

and Fire Departmaonts were called, respanding within 10 minutes and pro-
ceeded to cut ths metal attempting to free.the driver. Due to severe de-
formation, extrication was difficult and teck two hours to free the driver.
HMe was pronounced dead at the scene and was taken to the Offlce of the Chief
Medical Examiner. During the rescue operation, traffic was tied up in both
directions and sultablae detours were maintained by the police. A two com-
pany was contacted to clear the scene of the truck and debris. The truck
was towed to the terminal and the train was moved under its own power, The
scene was cleared and open for traffic within four heurs.

CAUSAL FACTORS, CONCLUSIONS AND RECOMMENDATIONS

ACCIDENT CAUSATION

. Matrix Cell

INJURY CAUSATION

Matrix Cell

s

A S

Egglanétion
Priparv Cause

Driver of Vehicle #1 falled to perceive
the approaching train and denger of going
through signals. (Definite) ‘

Severity Incteasing

priver of Vehicle #1 made no attempt at
evasive action. (Pefinite)

Relevaht Conditions

Driver of Vehicle #1 was apparently pre
occupled with thoughts of his trip, (Pro-
bable)

_The crossing was well protected with ac-
““tuated signals (at side and overhead) but
it allows room for passage. (Prabable)

. Explanaticn

’

* Driver of Vehicle {1 was wearing avnilablé

restraints but they were of no use in this

" case, (Probable)

from front and
& L]

injury. (De=

The collapse of Vehicle #1
vaere I

e
raar Impacte =ddod o san
finite) '

&
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N POST~CRASHL FACTORS
Matrix Cell Explanation

3 Ambulanqe and rescue arrival within 10 win-
utes, but extrication was diffieule taking
two hours with metal saws. (Definite)

6 The load of Vehicle #1 shifted after the
initial impact, (Definite)

9 . There werc no firas or ewplosions, detours

were set and maintaired adequately, and the
clean-up operation took four hours. (Defi-
nite)

I, e
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ENCLOSURE F

Durham Clty Code
Durham, N.C.

Ch, 18 § 9 Locomotive Whilstle.

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

be blown any locomotlve whlstle under his control within the city

limits. (Code 1940, C. 28, § B,)

Knoxville Clty Code
Knoxville, Tenn.

Ch. 33 % 8 Blowing Whistles.

It shall be unlawful for any person operating or in charge
of a locomotive engine within the corporate limits of the city
to blow the whistle on the same except as may be absolutely
necessary 1In the use of the signals as laid down by the rules
and regulations of rallway companles, or as requlred by the
laws of the state, (10-21-04.)

Houston City Code
Houston, Texas

Sec. 1843 Blowiﬁg Whistles; Blowing out Boller

All persons are prohibited from blowing any whistles on
any locomotive, or single blasts therefrom, within the limits
of the clty, for a longer period of time than five_seconds,
except when there 1s imminent danger of an acclident. All

persons are prohibilted from blowing off or blowing out a
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boller when crossing any public street or other thoroughfare

within the limits of the ecity. Eaeh and every person viclat-
ing any provislon of thils section shall be fined in any sum,
upon convictlon, not less than five dollars and not exceeding

rifty dollars.

Mason Clty, Towa

26-29 Scunding of Locomotlve Whistles

It shall be unlawful for any person to cause or permit
any locomotive whistle to be sounded within the limits of the
City except for the purpose of making necessary signals
required by law or reguired for the safe operation of the
rallway, and wﬁere requisite slgnals cannot be made by other

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

Chicago, Illinols

188-44, No person owning or operating a railroad shall cause
or allow the whistle of any locomotive engine to be socunded
within the e¢lty, except necessary brake sipgnals and such as may
be absolutely necessary to prevent injury to life and property.

Each locomotive engline shell be equipped with.a bell-
ringing device which shall at all times be maintalned in
repalr and which shall cause the bell of the englne to be rung
automatically. The bell of each locomotive englne shall be
rung continuously while such locomotive 1is running within the
clty, excepting bells on locomotives running upon those

rallroad tracks enclosed by walls or fences, or enclosed by a
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wall on one side and public waters on the other aslde, and
exceptlng bells on locomotives running upon those portlons of
the rallroad track wvhich have been elevated. In the case aof

these exceptlons, no bell shall be Pungor whistle blown except

as signals of danger.

Buffale, New York

Chapter V, RAILROADS

#4. It shall not be lawful for any person in the employ of

any rallroad company operating within the limits of the eity
to permlt the whistle of the locomotive under his control to
be blown, except for necessary signal purposes. Any person

vlolating the provislions of thls section shall pay a penalty
of $25.00 for such offense.

NOTE: This restriction 1s generally assoclated with a train

speed restrictlon of 6 MPH and the use of flagmen.

Lynchburg, Virginia

CITY CODE SUPPLEMENT (Rallroad)
Sec, 3809, Sounding whistles or horns.

The sounding or blowlng of locomotlve whistles or horns
within the corporate limits of the city of Lynchburg 1s hereby
prohiblited, except a8 may be necessary for the transmission
of signals or in emergency to prevent acecldents.

The provisions of this sectlon shall not apply to the

two crossings of the tracks of the Chesapeake and Ohio Rallway
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£ Company at Reusens, in the vielnity of the E. J. Lavino
Company, because of the lack of sight distance and warning
devices at these crossings.
' Any violation of thls ordinance shall be punished by a
fine of not less than flve dollars nor more than ten dollars

for each offense. (1931, 6704; 6-8-42; B=28-56; 10-9-56)

State of Illinols

Under authority delegated to 1t by the Btate Leglslature
{114-59), the Illinois Commerce Commission adopted General
Order #176 on August 15, 1957, excusing the sounding of horns
and whistles at crossings protected by flashing lights. This has

now been incorporated in General Order No. 138, Revised, August

) 22, 1973, Rule 501.

State of Florida

' 8351,03 limits signals to bells only in incorporated areas, with

an accompanying speed limit of 12 mph.
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ublic Tiilittes onunnissiog
GETATLE OF CALIFORNIA

Novembor 10, 1972 rice wo. IC 79403

lonorable Arlen Gregorio L
The State Scenate \\\5

12th District, San Mateo County 0.
Stake Capitol
Sacramento, CA 95814 RO

Dear Scnator Gregorio:

Subsequent to receipt of your labler of October 4, 1972, cur resresentative
has discussed the use of train whistles approaching railrecad grade crossings
with Mr. John Gilroy and Ms. Charlette Schultz of your stafl.

, As discussed with them, it may be necessary to sound the train vhistle
" even at crossings equipped with. automatic gates for the follcwing

reasons:

1., Possibility of a malfunction of the automatic grade crossing protection
due to being struck by vehicles, vandallsm or failure of track cireuitry
or signal apparatus.

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

3« Impotient motorists sometimes ignore crossing signals and have bheen
knowm to drive around protective gate arms in an attempt to avold
being delayed by a train.

4. Liability on thé part of the railroads for fallure to use cvery weans

available to aveid an accident.
In view of the above, the staff freels that in the interest of safety, the
railroads should not be prohibited from wusing the traln whizsiles to wam
persons that a traln is approaching.
Yours very truly,
PUBLIC UTILITIES COMMISSION
n R . i
BY&’UL%Q&Z- erpo-v;.)
WILLIAM Ra JOHNSON, Secretacy

i
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