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0.0 PRELIMINARIES
0.1 Scope of These Manuals

The present set of manvals, volumes 1-3, is meant to
describe the Railyard Noise Exposure Model (RYNEM) in some
detail, In the following, a brief description of each
volume and its intended audience is presented,

Volume 1l: General Description of the Model

This volume presents an overview of the model. The
basic philosophy of the model is discussed and the relevant
eguaticns used in the computations are presented. This
volume is written for those who need to know what the model
is like. It does not go into detail of how each computation
is done in the program, nor does it teach the user how to
run the model. It presupposes some Eamiliafity with the EPA
noise terminology, as is covered by the "EPA Levels" docu-
ment [1]. The reader is advised to peruse the Railroad
Background document [2] for other terminolegy used without

explanation.

Volume 2; User Manual

This volume presaents a cookbook approach to the execu~
tion of the model. Its intended audience is those who will
exercise the model. It assumes familiarity with volume 1,
i.e., the user knows the guantities he inputs, and he knows
the guantities printed out, For obvious reasons, the
explanations incorporated in volume 1 are not repeated.
while it does not presume expertise with the EPA IBM computer
system, it does assume the user can follow the instructions
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presented in this wvolume to the letter. This point cannot

be emphasized often enough, Contrary to popular cpinion, a
computer cannot think. It can only carry out the instructions
given it exactly. As far as is known, the present program

is bug~free., If an error occurs, the source most likely is

in the input data or the job card.}) Though the manual
presents a short description of relevant commands in the
appendix, the user is reminded that EPA changes its computer
systems every so often, so that the instructions presented

may be obsolete. The user is strongly advised to obtain a
copy of the latest computer user guide and learn the necessary

commands to make runs.

Volume 3: Programmer Manual

This volune describes all the nuts and bolts in the
program code. It is not meant to teach the reader how to
run the program. That is the job of volume 2. It assumes
the reader has digested the contents of volume 1. No
attempt has been provided to educate the reader as to
what Idn or LWP is. The intended audience is the programmer
who needs to maintain the program and make changes in the
cede. A strong knowledge of standard IBM FORTRAN IV lan-
quage is assumed.

The correct sequence of reading for a rank novice with
no knowledge whatsoever of the EPA noise model methodology
is as follows:

l. EPA Levels document - in which the terminology is
introduced.

2. Railroad Background document - which describes
what a railyard is, the noise sources inside,
ete,
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3. Volume 1 - what the model attempts to do.
4. Volume 2 - how to make the program grind out numbers.

5. Volume 3 -~ how the code achieves the aims of volume 1.

Volumes 2 and 3 are not necessary for the person who
only wants to understand what RYNEM is about. Volume 2 is
not necessary for the person who only wants té exercise the
model. For the programmer who maintains the code and to
whom job failures will be reported, an intimate knowledge of
all three volumes is necessary.

References

[11 Information on levels of Environmental Noise Reguisite
to Protect Public Health and Welfare with an Adequate
Margin of Safety, 550/9-~74-004, U.S. EPA, Washingten, D.C.,
March 1974,

[2] Background Document for Proposed Revision to Rail
Carrier Woise Emissions Regulation, 550/9-78-207,
U.S. EPA, Washington, D.C., February 1979,
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0.2 General Introduction to the Model

The Railyard Noise Exposure Model (RYNEM) is a computer
program designed to guantify the health/welfare impact due
to railyard~-generated noise on the general population. 1In
this model, a railyard contains two causes of noise sources:
stationary and moving. Some examples of staticnary sources
are master retarders (MR}, inert retarders {IR), crane
trucks (CT), goat trucks (GT), idling locomotives (IL),
refrigerator cars (RC) and load tests (LT). Moving sources
consist of switch engines (SE) and inbound (IB) and outbound
(0B) trains. Each of these noise sources generates a noise
level which can be measured at the railyard boundary (property
line). Together, they combine to produce a higher noise
level than each can produce on its own. Taking into account
the hours of the day during which the noise sources are
used, an averaged noise level, Ldn (for daywnight weighting)
can be computed at the railyard property line using the
standard EPA methodology. Based on this Ldn value the
general adverse response level weighted population (LWP)}, or
equivalent number impacted (ENI)} can be computed,

So far, this is standard practice of the EPA noise
models. Whereas formerly, the EPA noise models would
use some kind of "average™ parameters to™construct a medel
of an "average™ yard and then scale up the LWP from this
"average" vard to the total population of yards for the
national impact, RYNEM does the scaling in a slightly
different way. RYNEM considers that the LWP for the national
population of railyards form a distribution with mean p and
variance ¢2. When random samples are taken from this
distribution and their mean, ;, computed, the Weak Law of
Large Numbers implies that the sample mean approaches the
true mean of the population when the sample size is large,
i.e., the sample mean u is a good approximation of the true
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ﬂﬂ\ mean u. If we scale up the éample mean LWP by the total

number of yards in the population, we will obtain a goed
approximation to the total ILWP dune to all the yards, when
our sample size is large enough. 1In this sense, RYNEM is a
*statistical®™ model, '

An estimate of the error involved in ; can be obtained
as follows:

The true variance of the population, o2, can be
approximated by the sample variance:
n (xi - 3)2
52= b —————— e e
i=1 n~1

v

where xi are the individual LWP's
n is the sample size.

Y -
e . iid 2 ,
Let A1 [, f(l«lfﬂ ) 1= 1, « o sy n
Than for
Xit . . . tXn
7 =
n
E{(2) = u
F
var{xi) 02
var(3) = —m—m—— & —
n n
o ]
Thus, the standard error of 2 is —= or approximately -—.
/n /n
R . SN
Therefore, the error of the total LWP is approximately 7:*
) . n
Y where N is the total number of railyards in the population.
Ry
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In order to compute the effect of imposing noise
standards on selected noise sources, the standard RYNEM
program has to be altered. If source standards are imposed
on switch engines by using mufflers, resulting in a reduc~
tion of ¥d8 in noise level, this can be incorporated into
RYNEM very simply by subtracting XdB from the switch engines
in the input data. Thus, e.g., the SEL at 100 £t for hump
switches is lowered from 95dB to 95-XdB at its Lmax from 904B
to 90~XdB. This process is repeated for all the switchers.

If noise source standards are imposed on idling locomo-
tives (IL) or refrigerator cars (RC), the changes are
much more complicated. The quieting mechanism is a local
wall around the source, so a wall has to be built, its
height and its associated cost computed. The present
program, RYNEM~S (8 for source) has been designed with this
in mind.

The user can run RYNEM-S with either idling locomotives

or refrigerator cars. The standard to be met is as follows:

if a trigger level (to be selected by the user) is met at
the property line (i.e. Leqg of IL or RC is less than the
trigger level), then no quieting needs to be done. If it is
abo?é%‘then the program computes the Leq at 100 £t and
compares it with the source standard, which is 604B for IL
and &3dB for RC. If the Leqg is below the source standard,
then no quieting needs to be done. It it is above, the
program will compute the attenuation due to a wall such that
either the noise source standard is met, or the trigger is
disabled, whichever requires less attenuation. The cost of

a wall is then computed.

The length of the wall is assumed to be the same as the
length of the cars put end to end, as a worst case estimate.
-7-
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To make the transition as easy as possible for the user
who is already familiar with the old RYNEM program, the
input and output format for RYNEM-S is virtually the same as
that for RYNEM. The few exceptions are pointed out in a
later section in Volume 2,

LA b R LA S e it i




DESCRIP.TION OF THE MODEL

- .

1.0° General Description

1.1 Introduction
Section 17 of the Noise Control Act of 1572 directed

the U.S. EPA to establish noise control limits for- the facili-

‘ties and eguipment of interstate rail carriers. Final noise.

regulations were promulgated in 1975 for moving locomotives

y "Tand railecars (rolling stock); Subseguent court rulings
ordered the EPA to additionally promulgate comprehensive noise
standa;ds for the remaining railroad equipment and facilities.
In general, in addition to rolling stock operations, the major
noise producing activities are associated with equipment and

'/Tﬁ facilities operating within the boundaries of railyards.

In respaonse to these directives, ‘the Office of Noise
Abatement and Control (ONAC) of the EPA has conducted studies
! to categorize the railyard facilities and identify the types
of noise sources operating therein. Also, ONAC has conducted
9 a series of health and welfare impact assessments which were
? " essential in providing a quantitative basis for comparing_on

a national scale the relative benefit$ and costs of various
regulétory alternatives. The magnitude of railyard noise
impact was measured in terms of population exposed (PE), or
the number of people subjected to noise levels greater than
the criterion level (the noise exposure limit requisite to
© 7 protect the public health and welfare), and in terms of the
Equivalent Number of People Impacted (ENI), or the Level
Weighted Population (LWP), which is an integration of the
. nhumber of people exposed above the criterion and the degree
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the noise produced by groups of moving and stationary sources

operating within the boundaries of a railvard facility, and

'Athe SPElelc act1V1ty levels (ﬁumbers'of noise events, or

duratlon of operatlonj for each source at that rallyard, to

‘determxne the no;se exposure level (1dn) generated. The land .
T use patterns, populatlon den51ty, background noise’ level, and
 n01se attenuatlon data for spe01f1c railyard location and type;

of noise source {or group) were incorporated in the analy51s
to detemine the propagatxon pattern (varlatlon of Ldn with
distance) over the receiving properties (residential and |
commercial). fThe area within which the noise expasure (Ldn)
exceeded 55dB was determined and thus the PE magnitude was

* obtained., Alse, the number of people in incremental Ldn
bandwidths multiplied by the impact factor for the correspond-
ing 1dn value in each band was obtained and summed over all

the increments to give the LWP value for the receiving area.

The PE and LWP values for all the receiving areas at the rail-'
. yard were then summed to give the total impact for the rail-.
yard facility.

g

In general, the basic elements and data requirements
form the structure of the railyard noise impact computer model
are ipndicated by Table 1.
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Tab]e'l.‘ Basic E]ements of the Ra11yard.N0jse Impact Hodel

' rbdeT Element

Ra11yard funct1ona1 type

' Noise sources .

Land Use  patterns

Population impacted

Railyard/Noise Source activity level

Noise exposure rating scale

Propagation factors

Noise generation equations

et LA Wbl A1 U T I S bt

Input or Output Data

-Configuratinn,fsub areas
: -dimgnsipns‘(wjdth; Tength)

-relative location in yard

-type {moving, stationary)
-operation patterns {dimensions)

© -50Urce strenéth {noise level)

-predoninant spectra (frequencies)
-no1se event durat1nn5
-distribution and 10cat1on of

+rasidential and commercial areas
{receiving property)

-dirensions of receiving areas
distances to receiving areas
-land uses between railyard and

receiving property

-location of noise sources (groups) .
relative to receiving property

-average population density T {
-recefving property population density
-average number of day and night events.
or events per work shift

—duration_pf operation per hour or

work period ‘

-avérage day-night level {Ldn)
-basadzon A-weighted sound leval, dB

-air and ground attenuation rate
-residential building {nsertion loss
~industrial building insertion loss

-Ldn, Lmax, Leq(1) max at base distance
-Ldn, lmax, Leq{1)} max at receiving distance




Table 1. (Continuéd)-

Model Element '_ ‘ ' ' ~ _Imput or Output Data

Noise’ propagat1on equat1ons ; - noiée barrier.gitenuation
' __'33 1;, . S o . -.dn variation with disgance
’ ﬂbisq {mpact defgrmﬁnation _ Pdpulation Exposed (PE) .
L - Level' Weighted Population {LWP)

; . Noise reduction cost determination - Barrier wall cost factors
: ' C - Total cost for railyard
i ‘Railyard inventor& - Numbers of railyards in each functlunal
% . i - . : category
! Total Mational impact ‘ - LWP and PE totals for éample railyards-

- LWP and PE scaled up to national ievel
by ratio of total number to sampie number
of ra11yards

" - Total noise reduction costs from use
of property line barriers

s i e b s e mambir
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Thgre are ﬁpprqximatelj 4000 rail carrier facilities in the U.S.
whid1havebem1defﬁé@by_DOT/FRA as railyards.--SQme of'these,}ailyérd
facilities are relativE1y'1arge {50 to 100 parallel tracks, total complex 2

to 5 miies in length),. and some are re1atjve1y small (a.few tfacks; an&'js' N

few thousand feet in 1ength): The largest yafds may process a f]hw of 5000

raitcars per day, while the vefy small yards move less than 50 rai1cars-pe?
day. For modeling purposes, it was appropriate and convenient te categorizé .

these facilities by function into 4 major types.

. * Hump classification railyards -

s Flat classification railyards
. Industrial railyards

’ {
(] Small industrial railyards

Classification means breaking apart the incoming trains into

blocks of cars which are re-ordered according to destination and connected

into strings of cars to make-up outgoing trains. .

Hump classification yarﬂ‘configurations consist of a hill over
which railcars are pushed by Tocomotives, and a bowl containing a fan of
parallel tracks into which the railcars roll by gravity. Devices on’

the tracks called retarders act on the railcar wheels as they pass‘through

_to control their speed, and switches on the tracks fix the paths of the .-

railcars.

Flat classification vards are opefatéd by a number of locomotives

called switch engines that pull, push, and cut loose railcars at eath end of

-



the yard to bfeék'up and re-form trains.  Industrial and Small Industrial a

yards ére also flat'yafds but are operafed by a smaller numbef of switcher ::-"

"' locomotives.

]

The bredominant noise sources (opera;iohs) identified in }ail-:.

yard facilities and included in the model are listed in Table 2 according

to yard type. ‘Switch engines and in-bound and out-bound train operatiens

~ are modeled as moving sources, while the remaining source types are staticnary’

{grouped or virtual sources).
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. Table 2. ' Railyard Noise Sources

HUMP - YARD - NOISE SOURCE

- MR - Masterfhetgrdens {Includes Group

e s i e 2 it =T

S: /

——

= HS . Hump Lead Switchers

- IR
-
- w
-
- T
- R
T
- B
- B

Inert Retarders .
Makeup Switchers
Car Impacts

Idling Locomotives
Locomotice Load Test

Refrigerator Cars

" Industrial and Other Switchers

Qutbound Trains (Road-Haul and Local)

Inbound Trains

FLAT CLASSIFICATION YARD - NOISE SOQURCES:

- ‘ s
-
-
- o
- IL
- T
- R

- SE
-
- 18
- B

-

Classification Switchers (includes industrial and other switchers)

Car Impacts

tInbound Trains

Outbound Trains (Road-Haul and Local)
Id1ing Locomotives .

Load Tests

Rafrigerator Cars

INDUSTRIAL AND SMALL INDUSTRIAL YARD - NOISE SOURCES:

Switch Enginas
Car Impacts
Inbound Trains {Local)

Outbound Trains {Local)

£ L i A A et o b i ST
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TOFC/COFC YARDS (ATTACHED TO SOME RAILYARDS) - NOISE COURCES: -
- €T - Crane/Lift (Truck) ) :
- g7 - Hostler (Goat) Truck

! ‘ - - - et

..th all hump and flat yards will have parked refrigérator cars., In 'some-
cases, however, there may be refrigerator cars a.nd id]ing .'locomotives
" parked in the smaller railyards (industrial, small industrial). Not all’
hump yards have inert retarders.
lifre deta‘i'led‘descir'iptions of the function and elements of the computer

model are presented in the following sections. .
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‘1.2 Function and Logic of the Model

The rallyard faclllty noise emission regulatlon model ‘is

i,designed to calculate the noise exposure levels generated and
the rate of ‘attenuation over the IECELVLng areas, and then to

compute the noise impact in terms of LWP and.PE'values for .
rasidential and commercial land use areas at individual rail--
yards. 1In each case the baseline impact is calculated, and

then noise barriers of various heights are added at appropriate -
railyard boundary locations to reduce the receiving' property

noise levels to selected alternative values {(Ldn - 75, 70, 65,

60, and 55 dB). ' The costs for the required neise barriers are

also computed by the program. The basic types of input data
required and the results generated were indicated in Table 1.

In its simpliest form, the railyard noise impact model

consists of three general sub-models:

e Noise Ceneration Model

1dn for each noise source
" 1dn for each group of noise sources
s Noise Propagation Model
‘ Excess air and ground attenuation for each source

Insertion loss due to indusgfial land use
Insertion loss due to residential buildings
Insertion loss due to walls at railyard boundary
Total attenuation of Ldn with distance .

s Noise Impact Model . ___ _. U

Integration to obtain PE and ENI {or LWP),
and costs of noise barrler ‘walls '

These three models are combined in an integrated

computer code.-

1o
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A simplified view.of the sfructure and elements of the
'mddé1 is provided by thé diagrgm in Figﬁre 1. A descr1pt1on of the 1nput
data and their rEqu1rements and generat1on will be discussed 1n deta11
- in Sect1on 3.2. ‘ L " The basic sources .of the data are
1nd1cated in F1gure 1. The Env1ronmenta1 Photo Interpretat1on Center (EPIu)
analyzed photograph1c imagery in conjunction with U.S.6.5. maps for each
sample r311yard. selected in order to determine the lang use configuration i
around the railyard, and to indicate the Tocations of some of the railyard
noise sgurces. Overlays on tracing paper were made io show the size,
boundaries, and relative locations of areas interpreted as res1dent1a1,
commercial, 1ndustr1a1, agracu]tural, and undevelaped 1and uses. An example
is shawn in Figure 2. The population and other demagraphic variahles in
) the area surrounding each sample railyard were obtained from census data
” analyses conducted by Con§o1idated Analyses Center, Inc. {CACI). The key
railyard and source aqtivity rates were obtained for many of the sample
raf1yards fram survey questionaires returned by the rail carriers. In
general, the remainderlof the data reduired were generated by the EPA from
_ the Titerature on railyard operations, rail carrier noise sources, and

rail facility noise surveys. -

 The basic Togic for the model is indicated in Figure 3, and can be
described as follows. For a giQen railyard type, type of sources operating,
railyard traffic rate, and impact area the noise generation mpdel first
cemputes the Ldn Va]%?_f?f_ﬁ?‘“ source at a reference distance of 100 ft.,
and then computas the Ldn for each source at DN, the distance fo the near

side of the impact area. The composite Ldn at DN is determined for the

)
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Flgure ). Basic Structure of Raf1road toise Emission Requlation [mgact Magel

~

. Infarmation Scurce Podel {lerent
i EPA | Welse tmpace {Le,pey |
‘ hofse Reduction Costs | ’
. 1 - .
. EPA/FRA Railyard lnventcry | ! : a
|
Mumber of Types of Yards |
. EPA l Program Logic .
g 1 s -
EPA Haise Barrier/Wa l Wakse

Attenuation, Costs
{mpact

1

-~ EPA ' Kaise Prnpagar.inn. [ H
! ' Attenuation Factors, i

, Insertian Loss for Bufldings

EPA Background MNaise Levelt

' Local Average Population "pe
Density = Residential )
Papulation Density

|
i . EPAJCACT Demogranhic Factors;
i

o, ’ EPAZEPIC Land Use Patterns -
. ) ' Lecation of Resid &
o

Cormercial Areas Relative
to Yard & Sources

Haise Propagation

|
i
l
|

EPA Y saurce Tioise Levels ;
Naise Exposure Levels 1] !
H t
I |
] 1
] [ @
i EPA/RaiY Carriers | Nofse Svent Frequency ana "
é ¢ Duration for Each Spurce i
i .
f f ' ;
1 ’ :
i . i
i i .
: EPAJERIC [ Railyard Configurations
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{
H
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1
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Figura 3.

Model Schematic for Railyard Noise Impact

calculation Routine
For '
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source group, and cnmbinedtwith the background noise level. 1n the baseline

"case (no barrier wall) the compos1fe noise level {s then propagated across .

" the jmpact area integrating the 'Ldn vs. distance\re]atipnship'with'thg impact

weighting factors and population'density in 1d8 jncrements to obtain the

PE and LWP values. This procedure is followed for all impact areas and

sources {groups) at the railyard. and the resulting PE and LWP values are

summed to obtain the total impact. : .
For each of the alternative noise Timits at the receiving
properties, the yarious heights for a wall at the rail yard boundary -’
necessary to reduce the baseline Ldn value ta the desired values at the
receiving ﬁropertiés'are computed.’ The LWP and PE values are then calculated

as discussed above,
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1.3 lloise Generztion, Frepogation, and Exposure/Impact
Eguaticns

The basic algorithms and terms used to define or deter~
f mine noise generation, propogaticn, and impact in the computer
model are presented below:

1.3.1 Noise Generation

1. . Reference Ldn at 00, (D0 = 100 ft.) -

{a.) For repeated single noise events all sources exéept
IL, RC, and LT : '

~ " Ldn (D0} = SEL- 43.4 + 10 Tog [(ND+10NN) NL/NV) .
when ND or NN > 0. C ( ] PR

" Ldn ’(D0)_=.0 when_MD_and NN = O...

The term (NL/NV} represents the number of locomotives

at each virtual source (e.g., if there are 3 virtua) sources
and 6 locomotives, then the effective number of locomotives
at each virtual source-is:

6 _
3= 2).
TG -I-'Eﬁ'ﬁ_ua—si—-'Efﬁt—i'ﬁﬁaﬁs_nb'iEé?'GEhfg_('I‘L_—, RC, and LT)’

. o Ldn (DD) = SEL-13.8 + 10 Tog (HH x NUL + NHZ xNU2 +10MH3xNU3);

SEL = LEQ (1), and
_NH1, NHZ, or NH3>0.
Ldn {DQ) =0, when NHl, NH2, and NHJ

—

u
o

2. Activity Rates

ND = NP x NED % NES x EP ‘ .

NN Z.NP x NEN x NES x EP

3. Terminology -
—— —

Ldn = Day-Might Average Noise Level

SEL = Reference Single Event Level (10 'logfIlO]'(t”mdt)

LEQ (1) = Reference Eqﬁivalent Noise Level for 1 hour duratien

N0 = Total Number of Day-time events (7am - 10pm)
Tatal Number of Night-time events {10pn - 7am).

RH
AL
N

Number of Locomotives

Mumber of Virtual sources

17
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.Number of H.qurs operating during first shift

NHl =
L NUL = hgumbe}' of Units operating during first shift,
' NHZ = Numbér 61’ hours opeﬁt.ing du'r'iﬁg rsetlzor;d sh'i‘ft.
NU2 = Number of Units operati'ng druing secc'md shift

NH3 = Numb'er': of Hours operating during third sIn'A'Ft .
NU3 = Number of Units operating during third shift
NP = Number of Pass-bys pe-r event {moving sources)
_NED - Number of sources or events, Day-time '
NEN = Number of sources .or' events, Night-time

NES = Nymber‘luf Events per Source .

EP ='Event Probability .

Reference LMAX and LEQ MAX (at 0O).
(a.) For repeated single noise events
_ LMAX = LMAX (DO) + 10 log AL

LEQMAX = Larger of Day LEQ and Night LEQ (1)
" Day LEQ (1)=SEL - 47.3 +1010g [t (NG ]

= Night LEQ (1) = SEL ~ 45.1 + 10 Tog NN (»i}—‘g—ﬂ
. . ‘ . ».

(b.) for 'quasi - contfnuous noise events (IL,RC,and LT)

LMAX = LMAX (DD) + 10 Tog {NUX)
LEQMAX = LEQ (1) + 10 log (NUX)
- RUX = Larger of KU1, NUZ, or NU3

18
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For IL and RC, the noise level used is computed a
little differently. First of all, the user selects to run
RYNEM-S on either IL or RC. Then he selects a trigger
level. If the Leg of the selected source is less than the
trigger level at the property line, then nothing is done.
If it is above, then the Leg at 100 ft is compared with the
noise source standard (604B for IL, 63DB for RC). If this
standard can be met, nothing is done. Otherwise a local
barrier 6 ft from the source is built. The length of the
barrier depends on the number of sources in the area. For
IL, it is (100 + 70* max # sources) ft. For RC it is
(21* max # of scources) ft. This is a worst case estimate
as the sources are assumed to be lined up and to end on a
single track. The wall starts cut at 5 £t and is raised in
1 ft increments until either:

l. the trigger is deflected,
2, the noise source standard at 100 ft is met,

3. the wall height exceeds 30 ft,

whichever occurs first, For case 1 and 2 the yard can
comply with the source standard. For case 3 it cannot meet
the standard. o

~18A~
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1.3.2 Noise Propagation

B Ldn at Race1v1ng Property (DN). . ) ‘ N-

“Ldn (DN)‘= LDN (DO} - ALPHAG x (DN-DO) -AL - 10 log(DO)

DN = Distance from spurce to near Slde of receiving
property : | .
ALPHAG = Extra Air and Ground Attenuation Coefficient
AL = Insertion loss due to industrial buildings
N = ) for moving source

2 for stationary source

6. IMAY and LEQMAX at Receiving Property (DN).
IMAX (DN) = LMAX~ALPHAG X (DN-DQ) - Al - 10 leg ( )

LEQMAX (DN) = LEQMAX - ALPHAG X (DN-DO)~AJ= 10 log (Ea)

7. Koise Darrier -(Wall) Attenuatiocn

M 5+10109(———T—;r"
Ch=28 /Ny .

A wave length for predominant frequency (f,)
5'= propagation path distance increment due to barrier
y = variable . (1 to 2), dependent on type of source and configuration

* -
factors!? .

*For this model a conservative value of 1 was selected for y.
This partially accounts for the effects of finite barrier
lengths, and compensates for the fact that extra'air and
ground attenuation has been accounted for elsewhere in the

propogation eguations.
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A E\/(Hw -'_H‘s)z‘ + (DR'- DB)2

[--]

xxlln

S

I =

r
D8

= Ju, - HZ + D8

. a2 . ol
) /(us H.) + DR

- wall

height, ft. (maximum allowable H, = 30 ft.)

source height, ft.

receiver height, ft.

distance from railyard boundary to receiving property, ft.

DR** = distance from source to receiving property, ft.

© *%hen DB < 50, DR = DN + {50-0B), 0B = 50
WaenDd > 50, DR = DN. :

I a.
Ii b.
) C.
d.

A S G e i L e AT e R R R R e

e e et tEae e pep tre——

When
When
When

‘When

When
When

8. The following restrictlons hold for AW -

Hs = Hr and Hw <H5: A“' = 0

Hg = Hy and Hy, = Hg: AW = 5

Hg > Hr and Hy<h + Hp :AW = 0

Hg$ By and Hy = h + Hpt! AW = 5

h = (Hg—Hr) DB/DR

Hpy Hyg arIId H,4h + Hg: AW =0

Hp wHg and H, = h + Hg: AW = 5
DR-DB o

h = (Hp-Hg) (g — )

.

These -restrictions result in AW = 0 when the wall is
not high enough to break the line-of-sight between the source
"and the receiver, and AW = 5 dB when the wall height is just
high enough to break the line-of-sight. ‘

20
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8. Lén at any distance (D) beyond receiving property line.
™ - Ldn (D) = Ldn (DN) - AT - GALPHAG x (D-DN) = 10 log A(%N),N

. GaﬂPHAG =.grouped source air and ground abscrption co-
! :  efficient .(db/ft.). '

AT = Total insertion loss due to noise harrier, industrial
o _‘land, and residential/commercial buildings (dB).

N = 1 for moving source

2 for stationary source

" g, Total inseftion loss, AT.

N AT = £ (AW, AT, AR), dB ‘
AW noise barrier wall insertion loss, 4B

" AT = industrial building insertion loss, dB

et mee e A ———  ———— e e i e . —rmE

U

AR = residential/commercial building insertion loss, dB‘
- Baseline (Mo wall at railyard boundary, AW=0)- .
dl
Case {a) then Al = O, Ap = AR -
-
. . AR

Case (b) When Al 5 0, AT -fAI + 5
Wall at Railyard Boundary (AW -> 0):
Case (c) . When Al =0, A- = A + AR/2 = '
Case (d) wHen Al >0,

Ap = M +AL + AR/,

*Source group composite Ldn

S
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1.3.3 ﬁoiqe Exposure/Impact

. lImproveﬁenEs-in pubiic health and welfare are regarded

"~ as benefits of noise control.” Public health and welfara bene-
fits mﬁy-be guantified both in terms of reductions in noise’ ~
exposures and, more meaningfully, in terms of reductions in

The model first quantifies community exposure

adverse effects.
of people exposed at different -

to rail facility noise (number
noise levels), then translates this exposure into a’ community
The noise exposure/impact scale is based on

impact measure.
to environmental noise, and

.the general adverse response
indicates the magnitude of stress response and the severity

-

of activity interference.

In general, reducing rail facility noise levels at
- residential and commercial land uses is expected to produce

'the‘following benefits:

i ' 1. Reduction in railyard noise levels and associated .
. . cumulative long-term impact upon the exposed
population.

' 2. Fewer activities disrupted by individual, intense

noise or intruding noise events.

3., General improvement in the guality of life,
restoring quietness as an amenity resource.
-

The railyard noise impact model quantifies the noise
levels in residential and commercial areas, and numbers of
residents living within each different level of noise environ-

This provides a measure of the community®s general

ment.
The analyses were

: adverse response to rail facility noise.
é : conducted on the basis of population information which indi-

: cated the local average population densities near railyards,
but with no differentiation between residential and commercial
This, in effect, guantified the impact on the

LR e e ey e e

1

P

! - land use.
! residents of the area regardless of whether they participate

in residential or commercial activities.
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. The general measure for environmental noise used by the EPA
is the equivalent or average A-weighted sound level (Leg), in units of .
decibels. This indicator correlates well with the qvera11-1ong-term .
effects of naise on the public health and welfare. . '

When expressed in terms of an A-weighted sound 1e§e1. L{t), the " -

equivalent sound level (iéq) is expressed by:

-

:2 M . .‘c . —" .
Y S _ S Lo/
[, - Lﬂg - 10 lgslo R — _10 ' ' de
. tz-tl , t, .
H ‘1 : !
' i ; 2
vhere, in general, L{c) = 10 log **szﬁ] ) R
. N pq . v

The cunulative jmpact of noise on people is assessed in terms
f:\ of the day-night sound Teve1‘(Ldn) which is a noise rating scale developed

i by the EPA, Ldn is used as a rating scale for the daily {24-hour) sound

| exposure. Tt incarporates a weighting applied to nighttime noise levels

; to account for the increased sensitivity or reacticn of people to noise
intrusion at night. Thus, Ly 15 defined as the equivalent sound level
during a 24-hour period, with a 10 dB weighting applied to the noise levels
for the npise events during the nighttime hours of 10 P.M. to 7 A.M. This

may be expressed by the following equation:

JoMe)+101/10 4

[ ' 1
' ' t
;v loh(e)/2

:ti' 7'1

where T=t,-t, t1=7‘A.N. on st day, t,=10 P.M. and ty= 7 AMC
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For the purposes of this model, noise impact criteria presented
in the EPA Levels Document are used. When the outdoor level of Ld =535 dB
'(which is ident1f1ed in the EPA Levels Document as requisite to protect the
. ‘public health and welfare) is met, no adverse impact in terms of general
annoyance and cormunity response is assumed to exist on a stat1su1ca1,ba51s..t

For Ldn > 55, a function for weighting the magnitude of noise
~ impact with respect to general adverse response {annoyance) has been dev-
eloped by the EPA. This function, normalized to unity at L = §5 dB,
expresses the expected fractional impact, W (Ldn). in accordance with the

following re]at1onsh1p

.05(L=C) for L > ¢,

10. Wllan} =
o for L < C.

. L is the observed or meaSured Ldn of the environmental noise, and in this
study mode] the criterion level C is Lgn = 55 dB.

) The total impact of railyard noise can then be expressed in terms
of both extensiveness {i.e., the number of people impacted) and intensiveness
{the se#erity of impact) by multiplying the W (Ldn) value by the number of’
people (P) exposed for the corresponding noise Jevel and area under consideration.
A .

For an increment of area, then, the noise level weighted population
(LWP), or the number of penp1e who are considered 100 percent affected, is

given by: .
11, LWP1 = W.I (Ldn) X .P‘I
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Since t‘he Ldn from‘ a given source varies with distance, the N(Ldn) va‘lué .
will vary with distance also, and the total impact (LWP) is obtained by

© integration or summation of the LWP values in the successive increments of
area outfrom the source. In the general form, the total equivalent “impact

- rating is: ' R L -
12. 7 LWp = g p'i x Wy (L)

i
Yore specifically, the LWP calculation is made on the basis of successive
- 1 dB decrements in Lc.where Lc is the composite Ld'n value for: the groupgd

source noise level and the background noise level, subject to certain
restrictions explained subsequently, . L

dn .
Source group Ly = kg =10 Tog (10 18y g,
J

i ‘ L

: dn, = Ld vaiue for each source,
' 3 n
) L Le/10,,, 80/10
13, Lc. composite environmental Ldn = 10 log (10 +10 ), d8:
i . : and’ | : LBG = back‘ground (non-raj‘lyard sourcf)I I‘dn, as
14. Lgg = 22 + 10 logp, dB; when P < 1505

LBG = 654 di, when‘f?, IS'b’S}

. A people
£ = Tocal average population,density (sq. mi.) :

15. Restrictions on LG and LC:

L2558

These restrictions prevent Ls frnm‘decreasing te less than & dB below
LBG' and thus prevent,l.c from decreasing to less than 55 dB.

I

ﬁ

‘.
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16. Average L. for each ‘incremental area in computing LWP;

~ Wy (Ldn) = Wy (T) , S ,
| Lc_—— =L, -1d8, and | ' ‘
. {+] . C'i " ’ _ . __‘__.____'.—___l
= B I ' -
| - €+ Cya
| Lo 2 d |
! R (_ )-. ([_c1 .-_55.. )_._ e m——— - -— !;
W, (L) = .
! i‘te —
17. Incremental area and population .

. The incremental areas (A ) are either rectangular strips' (for moving
sourcas) or angular secters between successive segments of a circle (for
stationary sources)

Stationary Sources ‘ _ ] R
'S D —
S - n2 1 1 . 2 g
Ai Dyyy C€OS (D1+1 ) Dl ¥} T+ D 1
» ‘
e ) D
] (.1 1

Moving Sources SN

Ay = d(DiH. -D, ) d= length of rece:.v:.ng_p__roperty_i_v

. D; = distance from source €6 near ar side of area increment,
Dj+1 = distance from source to far side of area increment.

The increment’ area population is computed according to:
P =.Q A , where

/°r =f/. » and

r = residential and commercial land use factor, or fraction (r < 1.0}

26
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Thus, starting at DN (or Dj 1) and continuing across
the receiving property, 1ncrements“of_area are defined (Dj
is computed) such that T, i decreases 3 dB for each successive
area increment until either the f%f_iiﬂ? of the property is
reached or Lc decreases to 55 dB. W (L ) and prl are com~ . -

puted for each area 1ncrement, and the LWP values are

" summed to obtain the total LWP value. Also, the total area

in which Lo = 55 dB is multiplied by Ar to obtain the Popu~
lation Exposed (PE) value. . .

18. Total National Impact

¥hen LWP values_have been computed for a sample of
ratlyards for one of ‘each of the 4 types of railyards, the
LWP associated with.all the railyards in the United States
for the particular type(s) 1is estimated according to:

LWp_ = S LwP, . and
"

5
| Wy
LWP. = total LWP for the sample railyards (in a particular type),

N. = number of railyards in the sample,
. . -

Nt = estimated number of railyards in the U.S. for the particular type.
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1.4 Benefit and Cost Measures

The benefits aséociatgd with alternative re%ulétory
levels for railyard facility noise emission limits are
measured in terms of the reduction in the ENI {or LWP) or’
PE achieved. The compu?er madel calculates the difference.

betwaen the baseline {i.2., no noise barriers at the rail-

_yard boundary) ENI value and the resulting ENI value after
. different height walls are considered at the railyard

‘boundary to reduce the noise levels to the alternative

regulatory levels (Lg, = 75, 70, 65, and 60 dB). Thus, the

output data includes the ENI reduction (DENI} associated

bhith each regulatory level for each railyard analyzed.

.

The computer program also computes the estimated costs
for construction of the walls at the railyard boundary to

.attenuate the railyard source noise levels to the alternative

requlatory levels. The noise barrler costs are determined

according to:

$. cost of wall = length (ft.) X height (ft.) x cj

_ cost 2
* Gnit area(?/f%:)-

———— e

) This cost, ¢;, is assumed to be $10 per sq ft.

o - e
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2.0 Input Data Requirements
2.1 Introduction

Two categories of functional input data are required

for the operation of the computer program. Fixed (or static)
data are required that define the railyard and noise source
type, source operation characteristics, basic activity assump-
tioﬁs, and the physics of noise propagation. Variable (or
dynamic) data are reguired to define the configuration of the
spacific railyard, the receiving proparty locations, size and
poﬁulation, and the noise event rates for the specific rail-

.yard and sources.

.

Thé fixed data‘include reference noise levels (Lpax and
Lg) for all the noise sources, the distance from the source
to reference location, attenuation factors, number of sources
and source groups, and activity factor assumptions., The
variable data include distance from sources to receiving pro-
perties, dimensions of receiving properties, travel distance
for moving sources, propagatioh attenuation factors, number of
noige events or hours of operations for each source, and

number of noise sources,

29
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. 2.2 Source Noise Levels

The reference average ncise 1evels* used in the noise 1muact
health and welfare mode] are summarized in TabTE 3. The bases for deter-
mlning the average noise level for each type of source are presented below,
Data sources are specified in the reference section. (6-13 -~ More detailed
1nformat10n on the derivation of the average source noise levels can be
found in Reference 17, Appendix L.

Mastar/Group Retarders . .

Average Maximim Noise Level:

The references (numbers in parentheses) and data shown below were used to
obtain the baseline average maximum noise level for master and group re-

tarders. A1l measurements were at or normalized to a distance of 100 ft. (30m).

{1) a. Lmax energy ave. = 116 dB; 58 measurements,
b. L y energy ave. = 111 dB; 37 measurements.
(6) L 4 energy ave. = 108 dB @ 100 ft (30 m); 38 measurements.
(%) a. L x Energy ave. = 109.5 dB; 113 measurements.
b. Lmax energy ave. = 108.5 dB; 164 measqrements.
l(1,6,9) Composite average L = 111 dB; 410 measurements.

max

Average Single Event Level (E;):

A samp1e.nuise-time history indicated durations of 1.5 to 2 sec
between the 20 dB down points for clearly defﬁnabtg events.(ﬁ) The typical
L .. =110 d8 at 100 ft with a 10dB down point duration (tjg) of 1 sec and a

max
typical Ls of 107 d8. This implies that bt e = 0.5 sec since:

Ls s Lmax + 10 log & teff‘

A few other data indicated a typical retarder squeal (at 100 ft or 30 m
distance} could be represented by an equilateral triangle time-history with
a maximum level of 110 dB and a duration of 3.6 sec for the 30 dB down
points (tBO).(s'g) This also results n At .. = 0.5 sec. .

Additional data on retarder noise events were obtained during
noise measurements at raflyards conducted for the EPA in 1978.

: —*
*a-weighted sound pressure level, dB re. 2X10 dynes/cm%

3o
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SOURCE NOISE LEVEL* SUMMARY

Table

3

65

Number of . ' .

Noise source Measurements Lma“chJ Leq {Work cycle), ds L  or fLeq(lﬂ . B
Master Retarder: 410 111 - 108
Group, Track and :
Intermediate
Inert Retarder 96 93 - 90
Flat Yard Switch Engine Ref. 18 90 17 94 (4, MPH)
Hump Switch Engine, Ref. 6 90 78 95 {4 MPH)
(Constant Speed) . . .
In-or Out-bound Locomotive| Ref. 6 90 18 95 (4 MPH)
Idling Locomotive 27 65 (<2500 HP) ".[56]

‘ §5 67 1>2500 HP)

Car Impact 164 99 - 94
Refrigerator Car 23 73 67 [67]
'Load Test (High Throttle) 59 90 87 [87]
Crane Lift Ref, 19 83 79 106.5
Hostler truck Ref. 19 82 " 94,5

* A-weightaed Averageat 10

0 ft.
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Analytical evaluation of the 1978 measurement data indicate typical Atogr -
values in the 0.5 sec kange.(IT) Thus, at 100 ft (30 m) distance from
the retarder, the typical or average L value is 108 dB. '

Inert Retarders .
fhé energy average maximum Jevel (Lmax) for the 96 data points -
was 93 dB (@ 100 ft.).'8 '
) ‘ Since there were no data available on inert retarder noise event
durations, it was assumed that Ateff = 0,5 sec, Thus the reference Lg was
90 dB.

Flat Yard Switch Engines

Maximum noise levels at 100 ft. (30 m) for 30 events during
acce1eratfon'passbys {"kicking" railcars) were in the range 73 to 92 dB, with
an energy average level of 83 4B, 6) However, more recent data indicated a
work-cycle average level of 77 dB, and an average speed of 4 mph.(18

“f-“‘
- Therefora 5) . ‘ .
Reference L = 77 + 10 Tog ( I /V) = 94 dB, where
= 100 ft., and V = 5.9 ft./sec.
Hump Switch Engine -
Only a few data samples were available to indicate the typical
noise lggglvfgr hump lead switch engine passbys.ts) These data indicated
@hagjteq was in the 76 to 80 dB range at 100 ft {30 m). Therefore, an
lLeq = 78 dB was assumed for the noise impact model, . Thus(s) .
. --ééference L5 = 78 + 10 log (n%) = 95 dB, where
D=100 ft., and V = 5.9 ft./sec.
1dling Locdmntives '
| Two references contained numerous measurements of noise levels
from a wide variety of types and sizes (NP} of rail locomotives at the
stationary idle (throttle setting 0) condition. 2,8) The measurements were
ghtained at distances of 50 to 160 ft (15.2 to 92 m) in railyards tUnder a
PN
¥
!
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variety of operating conditions {including load tests, special tests near
rebair shops and groups of idling locomotives). These data were examined
and, wheré_rthired. normalized to the noise level of one locomotive at a
distance of 100 ft {30 m). . In those cases where the measured level was due’
to a line or group of locomotives, a standard analytical procedure was used
to estimate the average level for one locamotive. 6) one of the referances
presented data for "road engines" and "switch engines" without defining
either type of 1oc0motive.(5) The other reference 1isted the power rating

{HP) of the Tocomotives for which noise levels were measured.(zl

In the failyard noise impact mode1.:it was as§umed that switching -
operations were performed by a 50/50 mixture of locomotives above and below
2500 HP. Therefore, the Leafn) value used in the model for an idling loco-

-motive was-66 dB. -

Load Cell Operations

Noise measurement data for locomotives operating in a stationary
condition at high throttle settings were available from 4 references;(l’z’ﬁ'g)
The locomotives were operating under either a self-load condition or at a
Joad test cell facility. The majority of the data samples (51 out of 59)
were contained in one of the references.'?) The size of the Tocomotives
ranged from 1500 to 3600 Hp, and the noise levels at 100 ft (30 m) ranged
from 84 to 94 dB, The resulting encrgy average noise level at 100 ft {30 m)

© was 90 dB. However, to account for a mixture of low and high throttle.

settings, an Leqgl) = B7 dB was assumed. -

"fefrigerator Cars

Noise levels from the diesel engine powered cooling units on refrigerator
cars are a function of engine spead and which side of the car the measurement
is being made. The cooling units typically operate at either low or high
engine speed, Several references are available which present a total of
appﬁoxﬁmately 100 samples of refrigerator car noise 1eve15.(5'12'17)
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-event durations from which SEL values could be determined.

However, much of the data is not defined relative to both engine speed and
side of railcar (engine Vs, condenser) Therefore.'only thase noise data
(about 23 sanples) for which specific operat1ng cond1t1ons and measurement

" Jocations were known were used to derive the representat1ve average nu1se
‘ 1evel for refr1gerator cars.(ﬁ 17) The weighted (energy} average for both )

sides at each throttle settlng was calculated since the refr1gerator cars
are 1ikely to be randomly oriented in the ra11yards, and thus it was assumed
that it would be equa11y 1ikely {over the total number of ra11yards) for the
receiving property areas to be subjected to the high and low noise sides.
Alsa, the recent references indicated that high engine speed operation

typically occurred for only 10 minutes per hour.(lz) Thus, the weighted

energy average level for both speeds and both sides was 73 dB at 50 ft (15 m).

The reference level thus used in the noise impact model was Leq(l) = 67 dB
at 100 ft (30 m).

Railcar Coupling {Impact})

~ Several references prov1ded noise level data for railcar coupling impact
events. (6.9,11 ) Two of the references which were initially available did not
include either ‘coupling speed data correlated to the naise level, or noise
(6,9) However,
other references provided impact noise levels (Lnax and Ls) correlated to
coup11p? speeds, and indicated the probability distribution for coupling
speeds. Assuming that the npise level and speed distributions would
hold for all raiTyards. it was possible to ca1cu1ate the expected energy .
noise level for car impact events. Essentially, the expected level is the
integral of the product of the noise-speed and speed—probabilxty functions.
The basic data used for ;his determination consisted of 31 samples of Lmax
and Ls values for coupling noisetll), and 61,000 samples of car coupling

speeds, 10

The expected noise level values were:

Kax Lexp = 98,8 dB at 100 ft (30.5 m).

L exp = 94 dB at 100 ft (30.5 m).
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In addition, two_[iossiple impact noise control nlptions vere considered - |
1imiting coup‘ling' spéeds to 6 MPH, or to 4 MPH. Expected noise level
values for these cases were determined by assuming that for the 6 MPH speed
1imit case, all 'coup'lings' above 6 MPH wou'!d be redistributed into the 5 to -
6 MPH interval. And for the 4 MPH speed limit case, all couplings above .

4 MPH would be redistributed into the 3 to 4 MPH interval. The results were:

[ 6 MPH Speed Limit, Max Lexp = 97.3 dB

Ls exp = 92.0 dB . i

N ] 4 MPH Speed Limit.'., Max Lexp = 91.7 dB

L exp = 35.8 d8

TOFC/COFC Yard Noise Sources -

It was determined by noise survey data that the trailers-on-

flat-car and container-on-flat-car areas at railyards could be represented
by two predominant noise sources - diesel powered cranes (crane-lifts}) and

. trucks (hostler or goat trucks). 13 .The average noise levels at 100 ft.
(30 m), and durations per work cycle were: o :

Crane-1ift Lmax- = 83 dB
_Leq (work cycle) = 79 dB
Work cycle duration = 9 min.
Ls'(workﬂ;ycle).= 106.5 dB

Goat Truck Lmax = 82 dB
Leq (work cycle) = 65 dB
Work cycle duration = 15 min.
Ls (vork cycle) = 94.5 dB
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2.3 Fixed Input Data

The fixed input data are shown in Table 4. The fixed input
data remain constant for all the corresponding yards'unlesé new

data become available or new assumptions are made. Then, of

éourse,‘the values of the input parameters can be changed
accordingly. . The source related activity constants (NP, NL,

. NV, ete.) were derived from the railyard data base evaluations.:

For example, the number of pass-bys (NP=2) per each switch
engine operation is based on the logic that each receiving pro-
perty will be exposed to one noise event as the switcher moves
by to pick up a block of railcars, and then a second noise

event when the switcher returns with the railcars to conduct the
classification oberation. However, it is assumed that the re-
ceiving properties will be exposed to only one noise event
{NP=1)} for each inbound and outbound train operation. 1In the
case of stationary sources, NP is not applicable, and a value

of 1 (no effect) is entered in the noise generation equation.

In the case of railcar coupling noise events (or impaects, CI)
the number of virtual sources (NV) is assumed equal to 2 for
hump yards and 4 for flat classification yards so that there .
are effectively 2 or 4 locations, 1 or 2 at each end of the :
classification area, where the noise events occur. In conjunc-
tion with car impacts it is also assumed (based on measured data)
that in general only one-half of the cars classified result in
a noise event and thus the noise event priobability (EP} is 0.5.
In the case of master/group retarder (MR} noise events, the
railcars pass through 2 (or more) retarder stages, but produce
a noise event only one-half the time - thus the number of noise
events per railcar classified (NES) is 2 and the noise event
probability (EP) is 0.5. 1In the TOFC/COFC areas the goat or
hostler truck (GT) works two cycles (NES=2) for each flat rail-
car (two trallers per flat car), and the crane lift (CT) works

4 cycles (NES=4) for each flat railcar loaded. i
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TABLE 4. F1xed Input Data for Railyard No1se Impact Model
. Noise Source Data

INPUT DATA PARAMETER

NOISE Lmax™  Ls© NP ML N W NES EP  ALPHAG -

SOURCE {dB) {dB) B (d8/FT) (IE'?
HS 90 95 2 1 1 1 1 1 .00l 100
MS 90 94 2 2 1 1 1 1 001 ]
1S 90 94 2 1 11 1 1 ‘.00l
s 90 94 2 1 1 1. 1 1 ,001
B 90 % s 1 1 .002
081 90 95 1 152 BT 1 1 002
B2 990 . 9% 1 1 -1 1 1 .002
MR 111 - 108 1. 1 2 1 2 0.50 .010
IR 93 90 1 1 2 1 1 0.85 .010
99 9 = 1 1 2 23] 1 o550 .005
IL 66 66 NA ONA 2 NA NA NA  .0025
RC 73 67 NA NA 2 NA NA NA  ..0035

et o) M) wa M 2 MR NA NA L0020
T 82 94,5 1 1 2 1 2 1 .0020 W
T8 106.5 1- 1 .2 1 4 1 .0020
* " Reference {at 100 ft.) ’ .

(1) 1 for Industrial and Small Industrial Yards
(2) 1 for Small Industrial Yards

(3) 4 for Flat Classification Yards

{(4) These values are reduced hy 12 4B in the model

when it is assumed that the source standard for
load test cells requires a noise absorbing barrier
to be used at the test cell site.
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2.4 Source Noise Attenuation Factors

Divergence Loss

The reduct1on of noise with distance from the source because of
d1vergence loss for stat1onary (individual and grouped) sources in the’ rail-
yards is a function of 20 log10 (distance ratio) assuming that the sources
radiate in the normal hem1spher1cal pattern. Therefore -

" Stationary Source: L dn (Dz) Lan (Dl) ~ 20 109 (5—) . :

In the case of the moving sources, e.g., switch engines, Ldn is
developed from SENEL per pass-by and the number of pass-by events. At a
particular distznce from the sources the SENEL value is a function of the

speed of the. source and the maximum noise level (Lmax) during the pass-by. (5)

- D,
SENEL1 = Lmaxl + 10 log (: =

where:
D1 = distance from source to observer (m), and™-

V = source speed (m/sec}.
Then at any other distance D2 it can be shown that -

D,
SENELy - SENEL, - 10 1og =2 , and
1 Dl

Moving Source (D } = (D } - 10 1ag (
Air and Ground Abso;ptlon
During propagation, the noise energy 15 also absorbed in the air

and on the ground surfaces. The air and ground absorpticn rates are dependent
mainly on the predominant frequencies in the noise spectrum and also the
relative humidity and air temperature. Nominal expressiOnS for air and
ground attenuation developed by DOT, for an average day (60°F and 65% relative
humidity) ara:

3
[=

Aair

%
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4

Aground = 10 10910 fﬂ__g , for fd >'4x105,
4x10 5

A =.0, for fd =< 4x10°, ‘

ground
where: - .
-A = attenuation, dB
f = sound frequency, Hertz, and
d = distance from source, feet.

'Hnweﬁer,.since.the noise model must compute Ldn values,; and since the
Ldn noise rating scale is based on A-weighted sound 1eve1sf it is more con-
venient to use a combined air and ground attenuation factor representing the
attenvation of the A-weighted noise levels with distance, For eéch type of
source the ajr and ground attenuation was calculated for 100 to 2000 foot
(30 to 610 m) distance using the center frequency of each octave band for

‘the f value in the equaticns given above. The A-weighted level at each

distance was then computed from the corréépondingly attenuated octave band
noise levels, and the différences between the Tevels at the selected dis-
tanceé_ygzglfed to determine the average extra attenuatian (Aa+g) in dB
attributable to air and ground absorption. The resulting combined air and
ground absorption coefficients are shown for each noise source type in Table 5.

Table 5. COMBINED AIR ANﬂ‘GROUND ABSORPTION FOR MAJOR RAILYARD NO1SE SQURCES

) Combined Air and Ground
Noise Source : Absgrption Coefficients,
“ALPHAG (dB/ft)*

Retardec _ 0.01 (dB/ft) 0.033(dB/m)
Switeh Engine 0.001 = 0.0033
Car Impact 0.005 L0164
1dling Locomotive ‘ 0.0025 .0082
Locomotive Load Test 0.002 .0066
* ‘Refrigeration Car 0.0035 0115
Road=Haul Locomotive i . D.002 . 0066
Crane-lift 0.002 . 0066
.Hoatler Truck b.ouz .0066

*Based on A-weighted SPL
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However, 'in general, the noise impact results from either
groups of stationary or moving sources. The average

absorption'poefficients assumed for mixed types of stationary

and moving sources are shown in Table 6.

Tablé 6. Average.Prépagation Attenuation Coefficient
for Grouped Sources

Group Type . GALPHAG (dB/ft.)
Moving Source Group 0.002'
Stationary Source Group - 0.005

2.5 Noise Barrier Parameters

Tﬁe noise attenuation in a receiving property due to
placement of a wall at the railyard boundary is determined
from the eguations shown in subsection 1.1.3.2, Noise Pro-
pagation, item 7. Thg dominant sound freguency and height
above ground for each type of noise source are shown in
Table 7. The receiver height (H,) used was 5 ft.

Table 7. Constants for Noise Barrier Attenuation

Calculation -
Deminant Source Height
Sound Frequency Above Ground
Noise Source fo{H,) - H(ft)

IL . 1257 10
HS,MS, 18 550 10
Cs,IB,0B .

MR, IR 2500 1
RC 1250 8
CT,HT 550 B8
CI 1250 3

LT 550 - 15 -.
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2.6 Insertion Loss Due to Buildings

Residential and Commercial Land Uses

on the basis of railyard locétion:data, it was determined
' that noise attenuation factors due to buildings were necessary
for three cases: (1) very iow density areas, (2) residential
areas with single-floor houses, and (3) résidentiél[ commer—

cial or other areas with multi-floor buildings.

Typical insertion loss factors for the first row and
additional rows of buildings have been previously‘determined
{15,16,20,21,22). These factors were developed generally for
highway traffic noise sources (line sources). '

When the overail conditions, including background neise
effects, are taken into c¢onsideration, the expected total
insertion loss for several rows of buildings was in the range
5 dB for surhurban residential areas {single-floor dwellings},
.and 10 dB for higher—density areas with multi-floor buildings.
The resulting insertion loss values used in the model for 3
different population density ranges are listed in Table 8.

- Values of 4 and B dB are used in place of 5 and 10 dB, respec-
tively, to compensate fér the variability in attenuation with
distance from the wall, and the inclusion of the insertion

" loss at DN, rather than after the first.one or two rows of

buildings.

Table 8., Neoise Attenuation Due to Buildings on
Receiving Properties

LOCAL AVERAGE INSERTION LOSS :AR
POPULATION DENSITY )
(PEOPLE/SQ. MI.) {dB) )
<2000 ) 0
2000 to 8000 4
> 8000 8
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Industrial Buildings

In those .cases where‘phgre are other land uses between
the railyard and receiving property, the attenvation due to

'buildings‘on the intervening property. is accounted for. The
.insertion loss factors used are shown in Table 9, - It was
.assumed that there were no buildings on undeveloped and

agricultural land. The insertion loss applicable for moving
sources is less than for stationary sources since any indus-
trial buildings act as a truncated or finite barriér.

Table 5. Noise Attenuation Due to Buildings on
Properties Between Railyard and Receiving

. Areas
Insertion Loss (dB): Al
: Statio=- Moving and
Tvype Of Moving nary Stationary
Land Use Eources Sources Sources
Undeveloped 0 0 . 0
Agricultural 0 0 0
Industrial. 5 10 7
“- 1
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2.7 Variable Input Data

The variable inbut data are railyard specific. In general they are
determined for a'samp1e railyard from EPIC'ana]yseé'and'source‘activity
data provided by the ra11yard operator (ra1l carrier company)

The 1ocat10n5 of noise sources, source operat1on patterns (Tengths
of travel, etc.), locations and sizes of residential and commercial areas,
and distances from noise sources to receiving properties are determined

" from examination of USGS map and aerial photographs (EPIC analyses}. However,

usually not all the data required to determine the sourcs locations and
activity rates, durations of operations, and daily distribution of operations
are provided. Therefore other factars and assumptfons have to be included
in the data development.

Examples of typical variable jnput data for particular railyard type
are shown in Table 10. The method of derivation of these parameters is

. discussed in more detajl in sub-section 2.9, Rajlyard Activity Data, and
section 3.0, Derivation of Input Data.

The data shown in Table 10 indicate that for this example the study i
area ardund the railyard is 50% residential and commerical land use, and :
there are 5 separate areas designated as residential or comercial (impacted %
receiving properties). In the case of tie first area (R 1), the receiving
property is 4000 ft in length (parallel to the railyard), 8000 ft. wide, and
is impacted by 3 moving noise sources. The distance (DN) from these sources
to the nearest side of R1 is 300 ft., and the diaiénce (0B) from the railyard

"boundary to Rl is 100 ft. The intervening land use is industrial, and it is

assumed that industrial buildings result in an fnsertion loss (AI) of 5dB in
the noise level between the source and the reéeiving property (R1). Since

the Tocal average population density is in the 2000 to 8000 people/sq. mi.
range, it is assumed that single family dwellings are on the property, and the
noise level attenuation (insertion Toss) due to the buildings (AR} is 4 dB.

43




Table 10. Variable Input Data for Neise.Impact Model: Sample
Railyard Example '

RESIDENTIAL . NUMBER OF

' ‘ " AVERAGE
RAILYARD YARD TYPE/  POPULATION COMHERCIAL.  RECEIVING
1.D. TRAFFIC CATEGORY _ DENSITY  LAND USE FACTOR . PROPERTIES
Name/City/ - Hump Class./ o - ) .
State High : 5000 0.5 - 5
IMPACT  LENGTH  WIDTH 08 ATT(d8) DN(FT.) _NUMBER OF SOURCES
AREAS (FT.} (FT.) _(FT.)_ AB,.AR MOVING/STA. MOVING STATIONARY
R 4000 8000 100 5,4 300 O 3 0
NOISE - NED NEN WHl - NH2 N3 NU1  NU2 NU3
SOURCE _ —_ — — _
HS 45 g - - - - - -
B 10 5 - - - - - -

081 7 3 - - - - - -
IMPACT LENGTH  WIDTH DB ATT(dB) ~ _DNC FT.)NUMBER OF SOURCES
AREA {FT.) (FT.) (FT.) AB,AR _'MOVING/STA. MOVING SiATIORARY

RZ 2000 6000 0 o, 4 300 400, 2 2
NOISE o : . -
SOURCE ~ MED NEN ML NH2 N3 - NUL  NU2 © U3
SN 20 10 - - - - - -

082 5 2 - - - - - -

MR- 1508° . 1000 - - - .. .

LT - - 8 4 D 2 1 0
Impact
Area - - == = - etc.

Ry
etc.
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The source activity data indicate the hump switch engines (HS) move
a total of 75 blocks of railcars per day (45 blocks during the day-time, and
30 blocks during the night-time), and there are 15 inbound trains (IB) -
per day and 10 autbound road hauT trains (0Bl) per. day distributed during
the day and night as shown. '

N

45

At = e = o e e g rrararam + at tht o i

i R LA Ak Y TR '.m‘.,.x ﬂm&‘:.:; i 5"("{»"1:':‘-':@ AR e R AN AT i v R




4

2.8 Population Density

The puﬁu]ation data for a sample railyard is generated by Consolidated
Ana1yses Centers, Inc. (CACI) using their Site II System data base and computer
program | which incorporate 1970 block level census data. This program accesses
and summarizes the 1970 census at the block and block group levels and a1so )

‘estimated the 1977 popu1at1on for a selected study area based on such in-

formation as public utility connections and residential construction rates.
The CACI system produces a Demographic Profile Report, a sample of which is
shown in Figure 4. '

The study area is rectangular in shape and equal to the 1éngth of the
railyard complex, and extends either 2500 ft (762 m) or 5000 ft {1524 m)
on each side depending on the size of the yard (i.e., 5000 ft (1524 m) for
classification yards and 2500 ft (762 m) for industrial and small yards).
The site specific or local average population density is obtained by dividing
sstimated 1977 poputation by the area within the rectangular coordinates of
the study area (excluding the railyard area).

The site specific ar Tocal average population density is not equal to
true residentail dens1ty since in the study area, the land surface area "used
to obtain the density value includes the commercial, 1ndustria1. agr1gu1tura1.
and undeveloped land. In the model it is assumed that the people are contained
in the residential and commercial areas around the railyard within the study
area. The residential-commercial land use function is determined for EPIC
ana1yses which are discussed in a later section. Therefore the impacted.
population density {(r) is obtained by d1v1d1ng the local average /o hy

the resfdential 1and use fraction (r}. -
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DEMOCRAPHIC FROFILE REFORT

AILL ST. YARD .
LI T T O R T T T T T R T R T I R

h AKRON, OHIO . »
. LATEST CHANGCE o
. BEC MIN SEC . " FAOH Tu » J
LATITUDE © 4} 1 10 * 1977 POPULATION 3691 =841 »
LONGITULE 81 230 O ‘% 1977 ROUSENDLDS 1420 -16b
' - : ® 14977 PER CAP INCOME § 38YS § 1064 o
4 POIKT POLYCOX . ‘ . .
. T . ANNYAL COMPOUND CROWTH =3,01 .
VEICHTING PCT 100X L LR R R R R R R R N I R
1370 CERSUS DATA
POPOLATION - . AGE AMD SEX . ’ : -
TOTAL 4334 100,02 MALE - FEMALE TOTAL
VinltL L3328 2.4 0-5 - 127 10,02 234 10.1ZX 10,12
RECRO S 1383 0 22,31 6-1) 310 14,13 320 13,82 14.02
OTHER - 3 0.1 14=17 103 9.02 183 1.9z °  8.¢°
- 18-20 01 8.92 1717 1.62 :
SPAR 13 0.3 21~29 388 17.1% 320 13,82 | Y .
1 : 30=-19 162 7.1 207 891 8.02
A0-49 23t 1p0.22 196 B,s% 9,31 -
FAMILY IKCOME (00D) S0-6& 173 12.0% 171 16,02 14.02
§0-3 4 32,02 63 + 262 11.62 311 13,42 12,52
§5-1 148  14.2% TOTAL 2267 - 2319 '
} $7-10 239 24,82 MEDIAN(AGE) 28.2 11,9 26.4
: . $10-13 115 2)1.6% .
i §15-23 70 4.71 HOME VALUE (00Q0) OCCUPATION
. 324-50 . 4 0.42 $0-10 198 44,9% MGR/PROF 209 13.92
$50 + 4 0.41 510-18 208 47.23 ° SALES 356 .72
: . TOTAL 1044 $15~20 M 7.7T CLERICAL 250 l&.062
| $20~-25 0 0.0 CRAFT 199 113.22
i AYEZAGE § 8082 $25-35 1 0.2 OPERTIVS 404 26,.8%
i MEDIAK  § 7463 §35=350 0 0,08 LANDRER BS  5.62
H — X $50 + 0 0.0% FARM 1 o.li
: ’ ’ TOTAL 4dl SERVICE 27% 18.32
! - KEKT FRIVATE 21 1.8%
; ., §0-100 88 80,92 AVERACE $10524 . “
v $100~450 . 162 16.81 MEDIAN $10529
§130-200 19 1.02 I OWNER 3.2 EDUCATION ADULTS > 25
i . $200-250 4 0,421 . 0-3 819 36,41
i $250 # 1 0.1% . . §-11 6531 29.01
{ ' TOTAL 974 AUTORDOILES 11 . 621 27.92
; . o . HONE 532 33,71 13415 73 1.122
! ) AVERACE § 73 ONE 160 48,2X 16 + 0 3.4
: . NEDLAN 3 &1 ™o 130 14,62
2 RECNTER 63,0 . THREE* 535 1.5%
' ’ : HOUSEHOLD PARAMETERS
. o : - - FAn PoP 3714 B1.02
UNITS 1N STRUCTURE HOUSEHOLDS WITH: INDIVIDS 636 -°13.92
1 803 52.0% 1Tv 1365 Bb.)2 GAF QTRS 234 $.1%
B 215 17.82 WASHER 1031 &3, ,TuT POP AS84
1«4 114 Tedl DRYER A54 28,63
3-9 8t 5,22 DisHuSKH $6  3.5% KO OF Hilss 1588
10~49 209 13,52 AIkCOND 144 9.1X KO OF FAMyS 1098
30 + 43 412 FREEZER 249 15.72 AVC HH SIZE 2.7
NOBILE 0 0.0 2 HUMES (1) 3.1 AVG FAM SIZE 3.4
) . CACL, INC
Figure 4, DEMOGRAPHIC PROFILE REPORT OF MILL STREET
YARD AXRON, CHIO
T .
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2,9 Railyard Activity Data

In gene;al,'twc'sources of data are reQﬁired to determine

the activity rates and traffié paramefars'fdr tha railyard

noise sources._ The pr1nc1pal act1V1ty data for individual sample

‘ralljards are obtained from the resspective rallroad companles

via a survey questionnaire. However, the survey questlonnalre
and the rail carrier response do not.provide all the source
activity factors required by the model. Therefore, some of

the activity parameters are developed from typical or average

‘railyard traffic data for each general type of yard providéd

~by a DOT/FRA study.

The average activity rates in terms of low, medium and

high traffic catemorias for hump and flat classification type

yards as determined by DOT/FRA are llsted in Tables 11

and 12, regpectlvely, The average data for the
industrial and small industrial type yards are listed in -
Tabies 13 and 14. In general when required,
the range of trafflc rate values for the 1ow, edlum and hlgh
traffic categories are used to judge whlch category a sample
classification yard should be placed. These key traffic rate

ranges for classxficatmn yards are shown in Table 15.

It is sometimes necessary, however, to use the area of the

classification portion of the railyard to judge in which

catgéory the yard belongs. The estimated ranges of areas for

the three categories are listed in Table 15. The
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Average Activity Rates for Hump Classification Yards

Traffic Rate Category

Activity Parameter ' Low tedium Rizh
‘ . (<10002% (1000 to 2000} | (>2000'+
{90. of Classiffcation Tracks 26 43 57]
Receiving Tracks - 11 11, 13
Departure Tracks . 9 12 14
i Standing Capacity of Classification Yard 1447 1519 2443
Standing Capicity of Recelving Yard 917 1111 1343
Stanqing Cap..acir.y af Departure Yard 862 959 159+
l’[ Cars Classlifled Per Day 689 1468 2386]
Local Cars Dispatched Par Day 86 250 315
Industrial Cars Dispatched Per Day 74 86 220
Road-Haul Cars Dispatched Per Day 632 1050 2297
Cars Reclassifieds Per Day 94 195 275
Cars Weighed Per Day 74 42 149
Cars Repaired Per Day 38 41 153
Trdailers & Containe:f; :Lo'aded pr'

Unloaded Per Day ‘ 36 30 39
Average Tine In Yard _(Huursi) ‘ ) 21 . 22 22
inbound Roadfﬂahl Trains Per Day - 8 14 27

‘ Outbounﬁ Road-H‘aul Trains Per ,bay :@ 14 25
Local Trains Dispatched Per Day 2 3 5
Hump Engine Work Shifts Per Day 3 5 6
‘akeup Engine Work Shifts Per Day 3 6 11
Industrial Engine Work Shifts Per Day 2 2 0
Rou'a:about Engine Work Shifts Per Day 2 1} 4

*Hange of number of rail cars classified per day

{] Data used for noise exposure nodel
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-TA3LE 12

Average Facility. Rates for Flat Classification Yards

—

.TraEfic Rate Category "

Activity Parameter R Co | Low Medium - High
’ {<500)+ (300 to 1000} {>1000:+

. | INo. of Classification Tracks 14 20 5
Standing Capacicy of Classificaction Yard 643 98.3' 1185
[Cars Classified Per Day . . 288 - 711 1344]
Local Cars Dispacched Per Day ’ 72 . 93 . 182
Industrial Cars Dispatched Per Day 47 69 121
Road-Haul Cars Dis;patched Par Day * 218 . a7 942
Cars Re¢lassified Per Dav 60 196 348
Cars Weighed Per Day 14 21 18
Cars Repaired Per Day 13 28 K}
Trailers &'Cuntalners Loaded or _ .

Unloaded Per Day . 22 22 FL- T
Average Time In Yard (Hours) 19 19 18
Inbound Road-Haul Trains Per Day 3 6 10

. Outbound Road-Haul Trains Per Day 3 7 11
Local Trains Dispatched Per Day 2 "3 2
Induscrial Engine Work Shifts Per Day 2 3. 4
Roustabout Engine Work Shifts Per Day 0 1 , 2
Switch Ingine Work Shifts Per Day 2 7 10

*Range of number of rail cars classified per day
[] Data used for noise exvastie model
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Table 13

Averége Activity Rates for Plat Industrial Yards

‘Yard Activi}y Descriptors

“Inbound Road-Haul Trains Per Day
Cutbound Road-Haul Trainms Per Day

Local Trains Dispatched Per Day
" Cars Switched Per Day

Table 14 °

Switch Engine Work-Shifcs Per Day

Yard
Activity
Level

Average Activity Rates for Small Industrial Flat Yards

TS T A U a5

Yard
N . - Yard Activicy Descriptors Activicy
: Level
Inbound Local Trains Per Day 1
"Outbound Local Trains Per Dav 1
‘Cars Switched Per Day : 30
Suitch Engine Work~Shifts Per Dav - 1
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PABLE 15

_ RANGE OF TRAFFIC RATE PARAMETERS
FOR CLASSIFICATION YARDS*

"y
=
o]
T

Hump
Low Med High Low Med High
e Railcars Classified Per Day < 1000 1p00 >2000 <500 500 >1000
. ‘ to to
2000 1000 '
e Total Switch IEngine Shifts
Per Day < 12 12 > 22 <8 B -2 13
to to -
22 13
e Total Inbound and Outhound <24 24 244 <12 12 »12
Traina Per Day to to
' 14 ) 20
e Area** of Classification yard < 2 2 v4 <1 5 S I
(millions of sg., ft.) to to -
¢ 4 2 '
e Number of trains per day
Inbound ] 14 27 . 3 6 10
Outhbound (road) 8 149 © 25 3 7 11
Outbound (local) "2 13 5 2 3 2
@ Make~up switcher shifts/day 3 6 11 -, = -
_ Industrial switcher shifts/day 4 3 14 2 3 4
2 1 4 ] 1 2

Otheér switcher shifts/day

*FRA data

**Area = dog x Yaq; where de = 2 x Nc X de/Nti and
Wagq = Nt x dt. Ne = Ne. cars/day, de = car length {65 £t.),
Nt = No., of classif. tracks and dt = digt. between tracks (15 ft).
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dérivation of the area estimates is given at the bottom of
Tablé 15, hue, when the key activity parameters are not
provided, a may’ of the railyard can be used to compute the
classification yard area by multlplylng its length (from the
end to the inert retarder end) by its w;dth
(outer track o one side to the outer track on the oppos;te
Then, I'Y comparing the resultlng area to the area

gide).
shown iv Table 15, a ‘judgment can be made regarding the

ranges
rraffiec rate vategory for the yard.

Exampies g acti&ity survey response data for a hump énd
a Flat classi[|cation yard are shown in Tables 16 and 17,
respectively The first part ({a) of each table gives monthly
and daily tralrric data, vhile the second part (b) indicates
activ;ty rates by shift (1,2, and 3) for a typical peak

_activity day.

1
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Table

16 (2a) Example of Hump Classificaticn Yard Activity
Survey Response From Rail Carrier

For the following questions, please provide your estimgte for the

average month, typical peak month’

in recent past, and typical peak

day.
Typical
- Peak Mo, Typical
Avg. in Recent Peak
Mont Past ) Day
2. est.No. of trains and transfer
runs arriving/departing {exclude .
through trains)
‘1. Trains ] 00
2. Transfer 6;75 ;g gé
b. est.lo, of through trains . '430 540 22
¢. esx. Switch-engine tricks worked '
by:
1. Switeh engines 507 544 18
“2. Road switchers 3 31 1
3. Road power tempor- —_— -— —
arily assigned to
switcher service.,
' d, est.No, of cars handled (single 89,500 76,500 3000 -
count)* - ‘ -
e, est.No. of cuts handled. 3565 3900 130
_f. est.No. of mechanical reefers ° S — —
spatted C
9. est.ho. of mechanical refrigerator | .. % | __ —
’ trailers and/or containers spotted ’

Additional or qualifying comments
the rip track 5 days a week, averging 30 to 75 cars a day, depending ca

Pre-Trip mechanical refrigerators on

the season of the year.

+Number of days yard 15 worked in average month 30

*lhat percent of your total handling capacity 15 represented by the peak day

figure?

5%

Y
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Taclie 16

ib) Hump Yard Emanple

Enr the neak dav, please provide your es:imate+0f the follewing
information for those items that apply to this vard.

. First

Trick*

Secand Trick

Third

Trick

First
4 hrs

[

Second
4 hrs.

First
4 hrs,

Secand
4 hrs,

First
4 hrs.

Second
4 hrs.

c.

o
.

»
.

. Estimatad number of road

No. of trains and transfer
runs arriving/departing,

1. Trains * -~
2. Transfer'runs

0 5 time of switch engine
_tricks worked in yard,

6 % time of switch engine
tricks worked at industry.

o No. of switch engines
parked idle in yard, -

o No. of road enoines
parked idle in yard,

o No. of switch engines

. king,
o No. of road engines working
No. of cars handled, singie

count. - - .
Ho. of cuts handled.

No. of sechanical refriger-
ator traflers and containars
set out.

No. of machanical reefars
set out.,

No. of cars dalivered to
bulk facility. "

No. of cars daliverad to
TOFC/CDFC facility.

trucks. arriving at this
yard (not hostler trucks),

Mo. of cars hauled through
inart retarders. -

No. of enginas Toad tested'
at each test cell,

300

Pro—.

250

100%

500

——

250

280

15

100%

-

280

COMMENTS

7AM, 8:15AM) 783 - Banm

-

. P'l.ease specify ‘hour of the day for start of first trick (for example -

+ For mamy of the itams ciove, detcilad data cre not recdily cvailchbla,

Wa racogniza that resconses therefore, will le esiimeies tased on your

e=-erience.

A rkr e SH b gt 4 e
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Table 17 (a} Example of Flat Classification ¥Yard Activity

Survey Response From Rail Carrier

for the fallewing questions, please provide your estimate for the

average month, typical peak month in recent past, and .typical peak

day.
Typical
+ Peak Mo. [ Typical
Avg. in Recent Peak
Mont Past Day
a. est.No. of trains and transfer
runs arriving/departing (exclude
through traing) . )
1. Trains 1320 1440 48
2. Transfer 390 440 15
b. est.Mo. of through trains , 360 366 13
¢. est,.Switch-engine tricks worked
by: .
1. Switch engines 900 930 35
2. Road switchars 0 0 0
3. Road pawer tempor= 0 -0 0
arily assigned to
switcher service, .
d. est.No, of cars handled (single  [120,000 [135,000 4200
count)* A ‘ -
e. est.No, of cuts handled. 6000 6510 210
f. est.No. of mechanical reefers
spotted . _ o
g.‘est.ﬂn. of mechanical refrigerator | 4500 f; 5000 T - 250 T
trailers and/or containers spotted | 15pg ¢* 2000 C 125 ¢
Additiona] or qualifying comments
+Number of days yard is worked in average month 3l '

*Hhat percent of your total handling capacity is represented by the peak day

figura? 100 2

AN i s et T
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Table L

[b) Flat Classification Yard Exa

nple

For the ceak day, pleasa arovide your es::l':c:e+of the folieowing
informacion for those items that apply to this yard.

CFirst Trick* Second Trick Third Trick |,
First | Second| First .| Second| First | Sececnd
4 hrs 4 hrs, | 4 hrs, | 4 hrs.] & hrs. {4 hrs,
a. No. of trains and transfar . .
runs arrwing/departmg
1. Trains - 8 4 7 8 10 7
2. Transfer runs 2 4 3 2 1 3
b. o £ time of switch engine ' :
 tricks worked in yard. 100% |100% 100% 100% | 97% 97%
¢ % time of switch engine ‘ - ‘
tricks worked at industry. 0 0 0 0 X} 3
‘o MNo. of switch engines 3 2 3 2 3 i |-
. parked idle in yard. -
o Ha. of road engines 3 e 2 4 6 3
parked idla in yard,
e Ho. af switch engines 12 12 13 13 10 10
. .N Nufm‘0 ra?’d féqghnes 1working 0 0 0 0 0 0
¢. No. of cars ane,sne )
count.’ S 750 650 700 900 700 500
d. No. of cuts handled, 50 30 45 25 35 25
p. No. of mechanical refriger- ‘
ator trailers and containars 0 0 0 0 0 0
_ sat out, :
f. No. of mechanical reefers 0 0 0 0 0. 0
sat out. ' ’
g. No. of cars delivered to 0 -0 0 0 Q 0
bulk facility. , . .
h. No. of cars delivarad to « 39 34
TOFC/COFC facility. 702 | 10% 7% L
i. Estimated numbar of road 0 0 1] 0 0 0
trucks arriving at this ‘ .
yard (not hostler trucks), - :
i. Mo. of cars hauled through ’
inert ratarders. 0 0 0 0 0 0
k. No. of engines Toad tested 1 0 0 0 0 0
at each test ceH : x
COMMENTS )
* pPleasa speci'fyl hour of the day for start of f:Irs.t trick (fuf- example -

7AM, B:15AM) 7:00 a,m,

-

+ For many of tha tiems ciove, detailad data ave not recdily cuailchie.

Wa recognize that responses therefora, will be egiimates bosed on yeur

exTal rignce.,
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e It is assumed that the number of lcad tests per day l ' .
is equal to the number of loccmotives tested per day
at "each cell" {as reported on the survey) times the
number of load test cells reported.
@ The number of 1dling locomotives 15 determlned from
" the peak day distribution given in the survey return..
e It is. assumed that the number of refrlgerator cars
"spotted" means the number operating in’ ‘the yard dur;ng
a 24 hour period,
e The number of inbound and outbound trains of each : ) .
type (road-haul vs. local] is determined by ratioing.
the activity survey return data accdrding to the yard
type averade values previously given by DOT {per
Tables 11 and 12. B | :
® The number of cuts moved by. the make-up industrial
switchers in hump yards is determined by ratiocing
the total number of cuts/day listed in the survey returns
by the average numbers of switcher shifts per day given
by DOT (see Tables 11 and 12).
For hump yards with two separate hump classification areas
(one at each end of the facility), it is assumed that the survey
return data are the total numbers for both hump areas, and that

each hump area handled one-half the total: number of cars

) class;fied, one—half the total cuts, etc.‘-

‘59 .
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2.10 Numbers of Railyards_

The numbers’ of railyards in the U.5. by functmna] type as prev1ous1y
determined for the DOT/FRA are given in Table

Table 18. 'Rai'lyar'd Number‘s and _Distribution by types .and Tna‘ffic Rate

Category
Traffic Rate Category
Yard Type .
' Low Medium High . Total
Hump Classification - 46 47 31 124
Flat Classification 571 . 357 185 1113
Industrial . - - - 1381
smal} Industrial .’ C- - - 1551
’ ‘ ' 4169

Based on more recent survey data, a revised estimated of the numbers
of railyards in the U.S. is shown in Table

B »
Table 19. Estimated Numbers of Active Raflyards in the U.5,
Traffic Rate

~ Yard nge Low = Medium High Jotal
Kump C'lassnﬁcatwn - 44 - 51 I 124
 Flat. c1ass1ficatmn '. o are” 345 4130 952
Industrial ' - - - 838
small Industrial. - - - v
' 3693
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3.0 Derivation of Input Data -

3.1 Introduction

The inpﬁt'information fequired for the railyard‘ﬁoise‘
.exposure Er impact hodel consisfs génerally'of fixed ana vari-
able data. The fixed input data are constants associated with -
type of neise source and each type of yard. The variable input
data are dimension and activity rate values associateé with each
‘individvual sample railyard. The reéuired'fixed and variable
input parameters and thelfespective data sources have been
described in Section 2.9 (see Taﬁies 4 through 10).

This section discusses further the derivation of dimension and

activity rate data and associated assumptions.

Classification rail yard complexes are typically composed
of yard areas with three separate functions: receivinq,'classi-
fication and depdrturé. In general, specific activities and

functions are pefformed in each component yvard and thus, tﬁg

"different yard noise sources are located by function in the com-

" ponent yards. These noise source distribgtions within the com~

r 1
ponent yards are presented in Table 20.

Hump and flat classification yards thus have similar areas

which are differentiated by the specific function performed.

Except for retarders, which are not found in flat yards, the

distribution of sources in flat yards assumed to be generally

as shown in Table 20. . Howevér, the other flat yards do
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™ not perform all of the functions performed in the classification
yards an@ the noisé source typeé and.opera;ion areas are distri-
buted differeﬁtly. .Discpssions with rail indﬁstgylpersonnel '
indiééfed thaﬁ, in geﬁeral, swigchiengiheé oéerate ét-eaéh end
of the yard, a;d the other sources are loéétéd inside the main
.-yard area. The‘ééneral noise séurée location'éreas for industrial
- and small indust;ial flat yards are indicated in Table 21,

The noise_source and receiving property locations for
spécific yaras‘ére‘deéérmined as discussed briefly in sub-
section-. 1.2 and in more detail below in section 3.2,

Thé noise generation equations (or models) developed for
each type of rail yard.noise source are given in section k

3.1. The noise generation eqﬁations are developed in terms of

TN .
f '
- - Lap for each type of source. The Lg, value for each yard source :
is computed using the empirical data base on railyard source f
noise levelé, and from the vard activity survey data. i
:
|
vl - . g
' F
1
-- i
—_
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Table 20

(‘\ CLASSIFICATION YARD NDISE SOURCE GROUPINGS AND ﬁlS‘I‘RIBIJTION BY
.o COMPCNENT YARD TYPE®
Receiving Yard Classification Yard Departure Yard
e Makeup .
Rump Retarders (Master Switchers
Switchers and Group)
Source Soucce TOFC/COFC Source.. Industrial
Location (a) Iocation (b) Iocation (d) Switchers
Area Inbound Area Idling locomocives  Area
Traing load Tescs Cutkound
Car Impacts Trains
TOFC/COFC
Source Inert Retarders
ILocation (g} Refrigeration Cars
Area Car Impacts
. *Except for retarders, source operations and distribution are similar for
classification flat yards.
- ) ' ¥
"" \ i e i b - -

i3 i b LB PVt A s =
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Table 21

INDUSTRIAL AND SMALL INDUSTRIAL FLAT YARD NOISE SOURCE GRQUPINGS -

-——
L]

Industrial .

'Small Inaustrfal

Noise

Noise

; - Source Source

! Area (a) Inbound Trains Area (a) Inbound Trains
: switch Engines " Switch Engines
i

i Area (b} Car Impacts

8 i e BT B s g s barm i

Outbound Trains

Area (b)~

Car Impacts
Dutbound Trains

Jj.

i
i
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3.2 Source Location and Receiving Area Dimensions
The source locations and noise impacted area (receiving

property} dimensions are determined from railyard area maps and

‘land use analysis overlays at each sample railyard for each of

the land use segmenté designated residential or commercial.
The required Aimensional data-length, width, distance from
receiving property to railyard boundary (DB), and distance frbm
source to receiving area (DN}, are listed in the variable input
data as shown in Table 0. |

The length of the receiving property generally paréllels
the tracks in the railyard, and represents the travel distance
for the corresponding moving sources impacting the area, Also, .
noise barrier walls required to meet various alternative facili~
ty noise emission standards are assumed equal in length to the
impacted area. The width of each area is the distance from the
boundary of the receiving property nearest the railyard to the
far side of tﬁe'area.' The term DB is the distance from the near
gide of éhe'receiving property back to the railyard boundary, =
and is used Eé determine‘the'distance £Fm noise barrier wall

placement {(at the railyard boundary) to the noise receiving area.

The noise receiving area is always assumed to begin at 2 50 ft.

‘béyond the noise wall position.

A diagram for an example hump yard configuration, with
source locations and surrounding land use patterns, is shown in
Figuzre S- | In tﬁis typically complex configuration, there
is one hump area, but two receiving and two depa:pure areas.

Stationary scurce locations are determined from the USGS map
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-~ .’ IS, '
I, A, & U: Indusgtrial, Agricultural, and Undeveloped

Master/Group Retarders
Hump Switcher

Inert Retarder

Make Up Switcher

IL: ldling Locomotives
CI: Car Coupling Impact
IS: Industrial and other
Switchers ‘

LT: Load Test Cell
IB: Inbound Trains
0B: OQutbound Trains
RC: Refrigerator Cars




of the railyafd area, from yafd configuration analfses conducted
by EPIC, and from railyard drawings attached fo the activiﬁy sur-
vey returﬁed by the rail carrier. The moving sodrce:ibcat{ons or
operation pattérhs are estimaéed by.their'functién relative to thé
yard areas.’ Thﬁs, the humﬁ switcher‘oéerates at the master re- .
tarder end of the classification area, while the make-up switcher
is assﬁmed to operate out of the inert retarder end of the
classification area. In-bound and out~hound trains a}e assumed to
operate in thé fecei&ing and departure yards, respectively. -
However, the location of operation of the industrial and other
switchers is not defigeé by the available information, and arbi-
trary assumptions for the location are reguired. A practical
assumption is to divide the operations between the receiving
and departure areas at each end of the railyard complex. Also,
in this case it is assumed that the in and out bound trains are
evenly divided between the two receiving and two departure areas.
Examples of dimensional parameters for this case are indi-
cated on the diagram in Figure 5. .Even though the receiving
properties (Rl, to R4} are irregular in ghape, it is assumed
that on the average the areas are parallel ﬁo the moving sources,
and that DN and DB for bcth moving and stationary sources are
placed perpindicular to a line representing the near side of
each area at an average distance from the source. The source to
receiver distances, and lengths and widths of the area are

sealed from the available maps and drawings. .
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3.3 Noise Source Activity Rates
3.3.1 Hump Yards

Inbound/Outbound Road~Haul and Local Train Operations

Based on average train lengths and power reguirements,
it is assumed that the local and road-haul trains entering,
and the road-haul trains leaving, the yard complex are
powered by three engines (NL = 3). Local out-bound trains
were assumed to have one locomotive (NL = 1), Train opera-
tions are assumed to take place within the receiving and
departure yard components at a speed of approximately 5 MPH.
The number of pass-bys (NP), number of virtual sources {(NV),
number of events per source or train (NES), and event pro-
bability {(EP) are all egual to a value of one. For each
sample yard the arrivals and departures are assumed to be
uniformly distributed over the daytime and nighttime shifts
and were divided between the shifts {NED and NEN) according
to the corresponding activity survéy'data. The number of
each type of train was obtained by ratioing the total num-
ber in- and out-bound trains with the average inboﬁnd, out-
bound, and local trains for low, medium, or high activity
category yards {per Table 11).

»

ﬁump Switch Engine Operations

Hump engine operations are assumed to operate between
the receiving area and the classification area at a speed
of approximately four miles per hour. It is assumed that
the number of cuts per day given by the activity survey for
each sample yard represents the total cuts per day worked
by the hump switchers. The number of total pass-bys for
hump engine cuts is computed by multiplying by two. The

factor of two accounts for the number of passes reguired by

6o
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each hump operation, one to get into position to push the

cut of cars and another to perform
fixed activity parameters (NL, NV,

‘The distribution of number of cuts

time {NED and NEN respectively) is

All other
etec.) are esgual to one.

the push.

during daytime and night-
determined from the shift

data given by the activity survey for each sample yard.

Retérders-uaster, Group, Intermediate and Track

The master, group intermediate and track retarders are
modeled as a grouped point source located at the goemetric
The Lin resulting from cars

center of the retarders.
passing through the retarders is determined from the number
of cars classified per day, number of retarders passed by
each car and the percentage of cars which cause retarder
noise events. Examination of the available data indicated
that on the average each car classified passes two retarders,
and that retarder squeal occurs approximately 50 percent of
the time. Therefore: the number of noise events per source
{NES)} is 2, bhut the event probability (EP} for each retar-
The values of the other activity para-
However, since the retarder

der stage is 1/2.
meters {NP, NL, and NV} is one.
group represents a fixed point source, the value for N (the
divergence loss exponent) is 2. The number of noise events

(NED and NEN) is assumed equal to the fay and night shift

" data, as given by the activity survey data.

Inert Retarders

Inert retarders are modeled as a grouped point source
located at the geometric center of the retarders. It is
agsumed that each car leaving the classification yard passes
one retarder (NES = 1) and that approx;mately 85 percent

produce a noise event (EP = 0.85). EHEowever, the number of
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events {MED, NEN) for each sample yard was assumed eoual o

. the peak day values per shift given by the activity survey

for number of cars passing through inert retarders.

Car Impacts

Car impacts are modeled as two'groups of stationary
{virtual) sources (NV = 2}, located towards each end of the
classification yard component of the hump yard complex. It
is assumed that the total number of car impacts is.equal to
one-~half the number of cars "handled" (classified) pexr day
{(EP = 0.5), and that the impact noise events (NED, NEN) are
distributed during day and nignt periods according to the
survey data.

Makeup, Industrial and Other Switch Engine Operations

Makeup, industrial and other switch engine operations
are modeled as moving point sources which operate in the
receiving oy departure component of the hump yvard complex
at a speed of approximately four miles per hour. It is
assumed that the total number of cars leaving the classifi-
cation yard component per day is equal to the number "hand-
led™ (classified) per day, and the total number of cuts is
the same as for the hump switchers. The make up and indus-
trial switcher cuts are raticed according to the corres-
ponding work shifts indicated in Table 11. . The day and
night period events {NED, NEN) is determined from the total
number of cuts, and the cuts per shift data given in each
activity survey return. The total number of pass-bys per
switcher per day is determined by multiplying the number

‘of corresponding cuts by 2 (NP = 2), The value of all

other activity parameters (NL, NV, NES, EP) is equal to 1.
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Idling Locomotives and Refrigerator Cars

Both idling locomotives and refrigeration cars are
modeled as grouped stationary sources located as indicated
by the survey data for each sample yard. This is considered
appropriate since, in general, the distance to the receivin§
areas are such that the sources appear to be concentrated or
superimposed. The variable activity parameter values
required (NH1l, NUl, etc.) were obtained for each shift from
the activity survey data (peak day) for each sample yara.

Locomotive Engine Load Tests

Locomotive load tests are lecated according to the
activity survey data for each sample railyard. In the
absence of more specific data in the activity survey res-
ponse it is assumed that one E-hour test was performed per
day with 4 and 2 hours of operation occuring during the
daytime and nighttime periods, respectively. Otherwise,
the load tests are assumed conducted during the 4 hour
periodslindicated per shift by the activity survey data.

3.3.2 Flat Classification Yards
.
Inkound/Qutbhound Road-Haul and Loecal Train Operations

As previously discussed, it is assumed that local and
road-haul trains entering and road-haul trains leaving the
classification yard complex are powered by three engines
and local departing trains use only locomotive. Train
operations are assumed to take place in the receiving and
departure yard components at a speed of approximately five
miles per hour. ©The fixed and variable activity parameters,
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and associated assumptions were determined or derived in the
same manner as discussed for hump yards.

Switch-Engine Operations: Classification, ‘Industrial,
and Roustabout . :

Switch'engines are assumed to operate at the receiving
and departure areas in each end of the classification area
at a speed'of apéroximately four miles per hour. The
rationale used in determining the operatiocnal parameters is
similar to that discussed for the makeup and industrial
switch engine operations in hump yards. However, it is
assumed that the total number of cuts per day given in the
activity survey cdata for each sample railyard is divided
between the classification switcher and the other switchers.

Switch engine operations are modeled as two separate
yard sodrces (NV = 2), one at each end of the yard complex.
It is assumed that the switch engine operations are egually
distributed between the two locations.

Car_Impacts

Car impacts are modeled as four groups of stationary
sources (NV = 4) located near either end of the classifi-
cation area. It is assumed that the total number of car im-
pacts is egual to one-half (EP = 0.5), the number of cars
switched or classified per day.

Idling Locomotives and Refrigeration Cars

The assumptions and parameters are the same as for the
hump yard case, as previously discussed,
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Locomotive Engine Load :Tests

As in the hump yard case, it is assumed that teéting

is performed for one 6-hour test and 4 and 2 hours of coer-
"ation occuring during the daytime and nighttime pericds,

respectively, unless indicated otherwise, by the survev data.

{See discussion under hump-vards).

3.3,3 Industrial Yards

Inbound/Outbound Road-Haul and Local Train Overations

The acéivity parameters'and assumptions are the same
as discussed above -for hump and flat classification vards.
The distrihution of number of rpad-haul and local train
cperations for the flat industrial yards is shown in Table

.. It is aséumed that all train arrivals and departures
are hniformly distributed over the daytime and nighttime
periods, unless indicated otherwise by the peak day shift
data in the activity survey returns. '

Switch Engine Operations

sdfédh engine operations are modq&ed as moving sources
that travel the length of the yard. The rationale used in
datermining the operational parameters is the same as that
discussed above for the flat classification yards, except
that only one virtual socurce is considered, since this
type of flat yard is teo small to warrant switching at both
ends simultaneocusly. '

Car Impacts

Car impacts are modeled as two groups of stationary
sources located at each end of the yard complex (NV = 2).

- . ' 73 .
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It is assumed that the total number of car impacts is equal
to one-half the number of cars switched per cay (EpP = [}.5).

3.3.4 Small Industriél Yards

Inbound/Outbound Road-Haul Train Overations

It is assumed thaﬁ local trains entering or leaving the
yard complex are powared by one engine. Train operations are
assumed to travel to length of the yard, and arrivals and
departures are distributed over the davtime and nichttime
periods according to the activity survey data for each sample
yard., The distribution between inbound and outbound trains
was assumed equal to that shown in Table 14.

Switch Engine Cperations

Switch engine operations are assumed to travel the
length of the yard. The rationale used in determining the
operational parameters is the same as that discussed above
for the flat classification yards, except that only one
virtual source is considered, since this type of flat yard
is too small to warrant switching at both ends éimultanaously.

Car Impacts -
-

Car impacts are modeled as grouped sources located at
each end of the yard (NV = 2}. It is assumed that the
total number of car impacts is egual to one-~half the number
of cars switched per day (EP = 0.5). ’

3.3.5 TOFC/COFC Operations

There are two predominant noise sources - diesel
powered cranes and hostler trucks - in the TOFC areas.

74




e e e 3 A A, M amLA

J——

It is assumed that two trailers are unloaded and lcaded on
each flat rail car. '

Crane lift - 4 work cycles per flat car
Hostler truck - 2 work eycles per flat car

The number of flat cars worked per day and night
periods (NED, NEN) are assumed egqual to the peak day shift

data given by the activity survey data for each sample
railyard.

N
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4.0 Use of the Model and Results

4.1 Intreduction

This section provides a general description of the use
(capabilities) of the model and its output data. Specific
technical details necessary for using the RYNEM-S and -
understanding the program or computer code are provided in -
the companion documents - Volume 2, RYNEM-~S User Manual, and
Volume 3, RYNEM-S Programming Manual.

The basic function of the model is to compute and
print out, for .each individual sample railyard, noise levels
at receiving properties (residential and commercial areas)
and the LWP and PE values for the baseline case and the
height and cost of local barriers. In addition, for the
baseline case, the LWP and PE values im successive 3d4B
intervals are computed for each and summed to obtain yard
totals and can be printed out if required.

The model can be used to compute the noise levels
impact (ENI, PE) values, and noise reduction benefits and
costs for an individual railyvard or a number of sample yards
- either of the same type or a mix of ditferent types. The
program computes noise levels, LWP and PE values, and
benefit and cost values on an area-by-area basls for each
railyard, and these sums the results providing the total
values for the railvard. A summation is also conducted to
obtain the totals for the sample yvards In each railyard
category, and then the grand totals across all types of
railyards.
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When there are a number of sample yards of a particular

type, or in each type of railyard, then the total impact,

benefits and costs can be projected for the'total population

of a type or all types of railyards in the United States.

Thus, the capabilities of the model include selection
of one or all of three levels, or degress of detail, of
output data summations:

Level I - Grand totals for all yards

Level II - Level I plus yard-by-yard totals
for all sample yards

Level III - Levels I and II plus output data

for each source and each area at
each yard

The level I output identifies and lists data totals

for each type of railyard, and also grand totals, consisting of:

o Number of yards in sample.

o BSample totals for PE, NI, ENI, wall costs,for
baseline.

o The number of railyards which can meet the source
standard without modification.

o The number of railyards which cam meet the source
standard with local barriers.

o The number of railyards which cannot meet the
source standard with local barriers.

o Total population of yards, and projected values
for the total population of yards of all the
parameters output under sample railyards,

o Total values of all these parameters (sample and
projected) for all hump classification railyards,
and then for all the other types (flat yards)
combined. (The grand totals for all types of
vards combined are obtained manually).
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Sample and projected total PE and ENI values in
successive 3dB increments (55 to 58, 58 to 61,
ete., to >82 dB) for the baseline case for each
type of railyard, then for all hump yards, and
then for all other types (flat yards) combined.

The level II output does not offer additional informa-
tion for RYNEM-S,

The level III output lists all the data discussed under

levels I and II and a complete set of noise level and impact
data for each receiving property at each railyard for all

yards analyzed. The output for each railyard consists of
the following data:

For each railyard:

(o]

o

Yard name, location {city and state} and type

Local average population density, fraction of

land 2n residential and commercial usage, effective
residential population density, and background
noise level

Number of residential and commercial areas
included in analysis.

For each receiving property:

(o}

<]

Area 1.D. number, length and width

Distance from moving sources to area, distance
from fixed sources to area
Number of moving fixed sources impacting the area

Industrial and residential building insertion
loss factors.
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Baseline Case

o Each source - Lgp, Leg(l)max, and Lpay at DN

o Composite Lgp (all sources plus background) at
o Total ENI and PE

o ENI and PE in each 3 db interval (55 to 824B)}

o The wall height and cost for the local barrier

(if any}

-70=-
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4.2 Level I Output

The grand totals of the output data for all the sample
railyards included in an example batch run are listed in
Table 22. In the case of the medium volume hump yard
sample, specific data for individual railyards (SAMPLE
#YARD} were avallable and were analyzed to develop the
required input data for the computer model. The PE, ENI,
ENI (DENI), and wall cost values totaled for all 7 yards are
shown for the baseline case (BL) and the other alternative
cases. The baseline ENI (or LWP) for all 7 sample vards is
3560.

The #IC column indicates that 1 cut of the 1 sample
vards are in compliance without the use of local noise

bartriers.

The total population of medium volume hump yards is
estimated at 51 (PROJECTED #YD}, and thus the projected
total ENI for the unregulated case (BL) is 25900. Note that
if noise barriers (walls) are used to reduce the noise
lavels at all of the yards to the Lz, = 65dB limit, the
projected benefit (DENI) and cost for the total yard population
are, respectively, 13800 and $15.5 million. Thus a reduction
in LWP of 52% is achieved. ‘

The grand totals of the data for all the sample hump yards
for all three traffic volumes are listed at the bottom of
Pable 22. There are 17 sample yards and 124 yards in the total
population. The total projected ENI for all the hump yards is
93400, Note that only 4 (#IC}) of the 17 sample yards can meet
the Lgp = 65dB limit without using railyard boundary walls.
The cost for bringing all yards into compliance at the

=80~
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o TOTALE FOR YARD

t PE
CNI

- LEVEL

BL
+ La4
¥e
99
99
99
HW

LOW oL HUnP

HIGH

-
Dl 48,7 43,9 91.6
Oh2 55,1 520 04.0
LEVEL  PE ENT DENT cosT uALL
7002 1.80E403  2.30E402 0,0 0.0 o
DB DANIS FOR DASELINE
§5-50 SA~a1 A1=44 4770 70-23 73=-76 746-79
0,91E403  2,07E401 1,37E403 S5.34E402 4.24EI01 0,0 0.0 0.0
G802 Z.00002 HW.108102  2.74E002 20708101 0.0 0,0 Q.0
FE ENI DENT cosT NA Ic
1.30E404  2.14E403 0.0 0.0 11
1.30E404  2.14E403 0,0 0.0 11 1
1.38E+H04  2.14E403 0.0 0.0 11 1
1.30E404  2.16E403 0,0 0.0 1 1
1,38E404  2,16E403 0.0 0.0 1 1
1,30E404  2.18E403 0,0 0,0 14 1
1.38E404  2.14E403 0,0 0.0 11
GRAND TOTAL FOR ALL YARDG
SAHPLE FROJECTED
YD EE ENI VENI CosT 4 YD rE ENI LENT
o 1 5.97E403 5,20E402 0.0 0.0 44 2,63E105 I,30EH04 0.0
99 1 5.976403 5.20E402 0.0 0.0 44 2,43L405 2,30E404 0.0
9?9 1 G.97E403 &,22E402 0.0 0.0 44 3.43FI05 2,30Et04 0,0
29 1 G.97E403 5,22E402 (a0 0.0 44 2,63E+05 2.30E{04 0,0
99 1 5.97E403 5.22E+02 0.0 0.0 44 2.834E105 D.30E404 0.0
99 { S5.97E+03 5,21E402 0.0 0.0 44 5,63CH05 2,30E404 0.0
HW 1 S.97E403 N.20E4+02 0.0 0.0 44 2, 430105 2.30E404 0,0
MERIUN VOL HUNP
BL 0 0.0 0,0 0.0 0.0 S1 0.0 0.0 0.0
7 6 0.0 0.0 0.0 0,0 51 0.0 0.0 0.0
99 0 0.0 0.0 c.0 0.0 %1 0.0 0.0 0.0
99 ¢ 0,0 0.0 0.0 0.0 21 0.0 0.0 0.0
4 0 0.0 0.0 9.0 0.0 5t 0.0 0.0 0.0
92’ 0 0.0 0.0 0.0 9.0 St 0.0 0.0 0.0
Hw 0 0.0 0.0 0.0 9.0 51 0.0 .0 Q.0
vaL HuHP
I, 1 1.30E104 2.14E403 0,0 0.0 29 3.9YE105 4,25E404 0.0
7y 1 1.38E104 IM14E403 0.0 0,0 29 d.9PCIOL 4,25E404 0.0
99 1 1.IBEH0A D IAEH03 0.0 0.0 29 3.99EI0% 4.2SEH04 0.0
9 1 1,30E4D8 2.04EF03 0.0 0.0 2¥ 3,99C100 &,02E404 0.0
99 1 1,30E404  2.16EHD3 0.0 0.0 27 3990105 4,25E404 0.0
99 1 1.30EH04 D.1AEH03 0.0 0.0 29 3.PYEIDS  &,2SE104 0.0
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?9 0 0.0 0.0 0.0 0.0
Hw 0 0.0 0.0 0,0 0.0
DD [ANDS FOR BASELINE
55-58 s0-61 s1-44 44-47 &7-70
LOW VOL HUHP
SARPLE
PE A.94E403 7.44E102 5.TOE401 0,0 0.0
ENT 2.94E102 2,07E402 1,82E+0! 0.0 6,0
PROJECTED
PE D.10E405 A, 25E404 2,A4EH03 0.0 0,0
ENI 1.30E+04 9,12E403 8,02E402 0.0 0,0
HEDIUM VOL MUMP !
SANPLE
FE 0.0 0,0 0,0 0.0 0.0
ENT 0,0 0.0 0,0 6.0 0.0
FROJECTED
FE 0.0 0.0 0,0 0.0 0,0
ENI 0.0 0.0 0,0 0.0 0.0
HIGH VOL HUNP
SAMFLE
PE B.91E403 2,97C+403 1,39E103 5.36E+02 4. D4E401
ENI 4£,15E402 7,28E402 S.10E402 D,71E401 D.75E+0L
PROJECTED
PE 2.5PE405 B.4O0E+DA  4,0DE+04 1,55E104 1.24E£403
ENI 1.,78E+04 2.10E404 1,50E104 7,05E403 7.90E+02
LOW VOL FLAY
SANPLE
PE 0.0 0.0 a0 0.0 0.0
ENI 0.0 0,0 0.0 0,0 0.0
FROJECTED :
PE 0.0 0.0 0,0 0.0 0.0
ENI 0,0 0.0 0.0 0.0 0,0
MEDIUM VOL FLAT
SANPLE
PE 0.0 0.0 0,0 0.0 0,0
ENI 0.0 0.0 4.0 0.0 6,0
PROJECTED
PE 0.0 0.0 0.0 0,0 0,0
TH 0.0 0.0 0.0 0.0 0.0
HIOH VOL FLAT
SANPLE
PE 0.0 0.0 0,0 0.0 G.0
EH1 0,0 0.0 0.0 0.0 0.0
FROJECTED
PE 0.0 0.0 0.0 0.0 0.0
ENI 0.0 0.0 0.0 0.0 0.0

IHMISIRIAL

70-73

0.0
0.0

0.0
0.0

73-74

a.0
0.0

0.0
0.0

0.0
0.0

0.0
0.0

&.0
0,0

0.0
0.0

74=7%

oD oo
o0 OO0

0.0
0.0

0.0
0.0

0,0
0.0

0.0
0.0

0.0
0,0

0.0
0.0

0,0
0.0

G0
0.0

0,0
0.0

0.0
.0

0.0
0.0

0.0
0.0

0.0
0.0

0.0
a0

0.0
0.0

0.0
0.0

0,0
0.0

0.0
0.0
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ENl 0,0
FROJECTED
PE 0.0
ENT 0.0

SHALL INDUSTRIAL

SHAMPLE

PE Q.0
EHI 0.0
FROJECTED
[ 0.0
ENT 0.0

HUMP YARDS--aAlLL

SANFLE

FE 1,39E+04
ENI ?11E+402
FROJECTEN

FE REPE+0S
ENI S.45E+04

FLAT YARDS~-~ALL VOLUHES

SAHFLE

PE 0.0
EMI 0.0
FROJECTED
FE 0.0
ENI 0.0

2o O
oo O

0.0
]

0.0
0.0

1,44E403
S.36E102

B, F4E4104
3. ITEL04

0.0
0.0

0.0
0.0

coc ©
oo o

0.0
0.0

0.0
0.0

4.,286E+01
275E401

2. 64E403
1.71E403

[+ o]
oo

0.0
0.0

0.0

0.0
0.0

0.0
0,0

0.0
0.0

00 OO0
- - . -
(= ~]

oo

0,0
0.0

0.0
C.0

0.0
0.0

0.0
0.0

0,0

c.0
0,0

0.0
0.0

C.0
0.0

C.0
0.0

0.0
0.0

o0 [~}
o0 o

6,0
0.0

0.0
0.0

0.0
0.0

0.0
0.0

e




65 DB limit is projected at $41.3 million, with a resulting .
DENI of 46400 (a benefit of 49.6% reduction in ENI). ’

The sample and projected total PE and ENI values in the
selected 3 dB interyals for each type of yard, and the grand
totals for hump yards and all flat yards are listed for this

batch run in Tahle 23.

Under hump yvards - all velumes, the
data listed indicate that the projected total ENI in the Ldgp =

73 to 76 dB range is 121 for all hump yards in the U.S. For 7
comparison in the 67 to 70 dB interval the_projected’tctal ENI . )

is 5000.
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The costs of walls for meeting the 60 dB limit, for example,

totals $692,000. However, the benefits are a reduction in PE
of 4200 {(or 70%), and an 86% reduction in ENI.

]
4.4 TLevel ‘III Output

Level I and II output plus area-by-~area data for each
sample yard are listed when Level III output is selected. An
example of some of the area-by-area data for one sanmiple yard
is shown in Table 25. This sample railyard is the Airline
yard in Milwaukee, Wisconsin, and is a type 1, or low traffic
volume hump classification yard.

The local average population density is 10,152 people
per sguare mile, and 43% of the land around the yard is in
residential and commercial use. The residential area density
is estimated as 23,609 people/sq. mi, and the background Lagp
(BKGDY is 62 dB. The #AREAS column indicates there are 5
residential or commercial areas exposed to railyard noise.

Area R1, for example, is 1500 ft. in length and extends
for at least 8000 £ft. (width) away from the railyard. The
distance (DNM) from the moving sources affecting Rl to the
nearest side of Rl is 250 ft., and the distance (DB), from Rl
back to the railyard boundary is 100 £t.” The analysis of the
railyard data indicated there is no attenuation of the noise
due to industrial buildings (DI = 0) in the 100 ft. wide strip
between Rl and the yard boundary. The attenuation (or inser-
tion loss) due to residential buildings on Rl is estimated at
8 dB (DR = 8) as a result of the relatively high local average
population density (10152).
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SOURCE LON LEQ LWAR
HS bhs0 59,4 04,9
1B 807 Bh.h 93,0
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Table 25(b}). Individual Railyard Data Included in Level IIT Output

LEVEL  PE EN I oEnl cost
h7.4 2.1%E0Q2 3426900 1.2HE+02 2.b6EV0S
AREA LENGTH WIGTH 08 DI OR ONN  ONF .
Cl/R 1000, UOO00. Os Ou« B 160, 2%d.
UM LANDS FOR BASEL INE
' 5358 50=81 Yy s4=a1 a7-
PE B.SIEA02 1.25E432 1.4%-02 0.0 0.0
ENL  A.526001 2,84E¢0] AJAsE=03 0.0 0.0
BL ‘ ,
SOUFCE LON  LEG  LMAX }
I8 65,0 %9.4 97.8 i
ONl 65,0 59,6 97.8
KR 0848 87,9 B30
LEVEL  PE EN1 DENI cost
70,2 7.78E402 7.30E¢01 0.0 0.0 f
10
SOURCE LON  LEQ  LMAX ‘
1 63,0 %%.6 970 '
OB1 45,0 9.8 97.0
KR - 50.6 %2.1 71.8
LEVEL  PE VN1 DENL © COST
6849 7.70E002 56.89E401 4.73E900 2.70E404
Y

SOURCE LOW  LEE  LAAX
18 60,0 5%.8 92.0
DB 40.0 54.56 92.8
HR 8.5 %0.0 T5.1

LEVEL PE ENL DLHT + COST

b4eT B,AGEO2  4.92E40]

24456401 A,70L404

[-1] .
SOURCE LDON  LEG  LMAR

114 S8, 4943 U7a4

on 54,7 A3 ATad

kR 51,9 A4, 8950

bivii PE (L}] Uing €0s)

WaLL
30
hES  hES
2 1

10 10-13

C.0
0,0

WALL
o

HALL
5

WALL
1

WaLl

13=18 -9
0.0  C.0
0.0 0.0

T 19-b2 LOE2

0.0 0.0
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There are 3 moving sources (NMS =3) generating noise
received at Rl - hump switchers {HS), inbound trains (IBY,
and outbound recad-haul trains {OBl). There are no fixed
sources at this.location {NFS = 0, and thus DNF = 0). For
the baseliné (BL) case at Rl the noise exposures due to HS,
IB, and 0Bl are LDN = 64,'60.7. and 60.7, respectively. The
values'for méximmn Leq{l) {(LEQ) and maximum noise lével (LMAX)
at Rl are also listed for each of the 3 soufces; The total
or composite noise level at Rl (LEVEL), which includes a back-
ground level of Lgp = 54 dB (although BKGD = 62,1, it is
assumed as explained previously that BKGD ié reduced to 54 dB}.,

"is 67.1 dB. The baseline (no walls at railyard boundary)

population expaesed (PE) and level weighted populaticn (LWP, or
ENI) are 1710 and 132, respectively.

Also listed for the baseline case are the PE and ENT
values in the successive 3 dB intervals (DB BANDS FOR BASELINE).
Note that for Rl the composite level (LEVEL) at DN is 67.1 dB.
However, the noise level is reduced by 8 @B (DR = 8) to 59.1 dB
as it begins to propagate over the érea, and thus the largest '
3 4B interval of Ldn in which there are PE and ENI values is
58 to 61 dB.

Thé.source noise levels (LDN, LEQ, and LMAX), composite
level (LEVEL), and PE and ENI values aremalso listed for each
alternative noise limit (65, 60, and 55 in the case of Rl).
These values result from considering different height walls
at the yard boundary to reduce the railyard neise to the
alternative limits. The impact reduction (DENI}, wall costs
{cosT), and wall height in ft. (WALL) are alsoc listed. For
the Lgn = 65 dB limit, a wall height of 7 ft. is required.
The wall cost is $55,500 and results in DENI of 32.2 which is
a 25% reduction in noise impact. These data are listed for
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each noise limit, and for the case (MW) where a maximum wall
height of 30 ft. is used, '

The entire listiﬁg of the above typefbf data is'thEp
repeated,for each of the remaining 4 areas (Cl/R, R2, etc.}
The total of the déta for all 5 areas is then listed as dis-
cussed in the previcus section, 4.3 Level II oﬁtput. T
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