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0.0 PRELIMINARIES

0.i Scope of These Manuals

The present set of manuals, 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 i: General Description of the Model

This volume presents an overview of the model. The

basic philosophy of the model is discussed and the relevant

equations used in the computations are presented. This

volume is written for those who need to know what the model

is like. It does sot 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 familiarity with the EPA

noise terminology, as is covered by the "EPA Levels" docu-

ment [I]. The reader is advised to peruse the Railroad

Background document [2] for other terminology used without

explanation.

Volume 2: User Manual

This volume presents 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 i,

i.e., the user knows the quantities he inputs, and he knows

the quantities 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 volume to the letter. This point cannot

be emphasized often enough. Contrary to popular opinion, a

computer cannot think. It can only carry out the instructions

given it exactly. As far as is known, the presen't 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 volume 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 i. No

attempt has been provided to educate the reader as to

what 5dn or LWP is. The intended audience is the programmer

who needs to maintain the program and make changes in the

code. A strong knowledge of standard IBM FORTRAN IV lan-

guage is assumed.

The correct sequence of reading for a rank novice with

no knowledge whatsoever of the EPA noise model methodology

is as follows:

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

2. Railroad Background document - which describes
%_at a rallyard is, the noise sources inside,
etc.

-2-



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 i.

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 tO 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

[I] Information on Levels of Environmental Noise Requisite
to Protect Public Health and Welfare with an Adeouate

Margin of Safety, 550/9-74-004, U.S. EPA, Washington, D.C.,
_ March1974.

[2] Background DocUment for Proposed Revision to Rail
Carrier Noise 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 quantify the health/welfare impact due

to railyard-generated noise on the general population. In

this modelr a railyard contains two causes of noise sources:

stationary and moving. Some examples of stationary 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

(OS) trains. Each of these noise sources generates a noise

level which can be measured at the railyard boundary (property

lime). 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 day-night 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 SPA noise

models. Whereas formerly, the EPA noise models would

use some kind of "average" parameters to_construct a model

of an "average" yard and then scale up the LWP from this

"average" yard to the total population of yards for the

national impact, RYNSM does the scaling in a slightly

different way. RYNEM considers that the LWP for the national

population of railysrds form a distrlbutioq with mean _ 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 lerg@,

i.e., the sample mean p is a good approximation of the true
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mean _. If we scale up the sample mean LWP by the total i"

number of yards in the population, we will obtain a good

approximation to the total LWP due to all the yards, when

our sample size is large enough. In this sense, RYNEM is a

"statistical" model.

An estimate of the error involved in p can be obtained

as follows:

The true variance of the population, a2, can be

approximated by the sample variance:

n (xl- _)2
S2 = Z

i=l n-i

where xl are the individual LWP's

n is the sample size.

" _,a2Let xi _ f( ) i = i, • . ., n

Then for

Xit . . tXn
Z-

n

E(Z) = .

var(xi) a2
vat(Z) = " ....

n e

e S

Thus, the standard error of Z is _-n or approximately -_-n"

SN

•Therefore, the error of the total LWP is approximately ¢_

_/-'_ where N is the total number of railyards in the population.
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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 XdB 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 ft for hump

switches is lowered from 95dB to 95-XdB at its Lmax from 90dB

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 (S for source) has been designed with this

f'_ 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 llne (i.e. Leq of IL or RC is less than the

trigger level), then no quieting needs to be done. If it is

above,, then the program computes the Leq at 100 ft and

compares it with the source standard, which is 60dB for IL

and 63dB for RC. If the Leq 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

lesgth 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.

-8-
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• DESCRIPTION OF THE MODEL

1.0" General Description _ _ -

i.i Introduction

Section 17 of the Noise Control Act of 1972 directed '"

the u.s. EPA to establish, noise control limits for. the facili-

ties and equipment of interstate rail carriers. Final noise

regulations were promulgated in 1975 for moving locomotives

:and railears (rolling stock). Subsequent court rulings

ordered the EPA to additionally promulgate comprehensive noise

standards 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

'_ facilities operating within the boundaries of railyards.

In response to these directives, "the Office of Noise

Abatement and Control (ONAC) of the EPA has conducted studies

to categorise the railyard facilities and identify the types

of noise sources operating therein. Also, ONAC has conducted

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

regulatory 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

.... proh6_6he--publ{c-%eal'th-ihd welfare), and in terms of the

Equivalent Number of People Impacted (ENI), or the Level

Weighted Population (LWP), which is an integration of the

...... n_umber of peqple exposed_gbove 9he sriteri0n an9 the degree
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the noise produced by groups of movin_ and stationary sources

operating within the boundaries of a railyard facility, an d ."

the .specific activity levels (numbers'of noise events, or

' " duration of _peration) for each source at that railyard, to

detirmine the noise exposure level '(Ldn) generated. The land .

use'patterns, population density, background'nois'e.level,' and ."

' noise'attenuation data for specific railyard. 10cation and type "

of'nolse source (or grouP) were incorporated in the analysis

to determine the propagation pattern (variation of Ldn with

distance) over the receiving properties (residential and

commercial). The area within which the noise exposure (Ldn)

exceeded 55dB was determined and thus the PE magnitude was

obtained. Also, the number of people in incremental Ldn

bandwldths multiplied by the impact factor for the correspond-

ing Ldn'value in each band was obtained and summed ever all'

the increments to give the L_P 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• .'"

In general, the basic elements ind da_a requirements

form the structure of the railyard noise impact computer model

are indicated by Table i.
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Table I. Basic Elements of the Railyard.No!se Impact Model

_del Element InputorOutputData

Railyardfunctionaltype .', -Configuration,sub areas

' . .dimensions(width,length).

Noisesources -relativeiocationinyard

.. -type(moving,stationary.)

,operationpatterps(dimensions)
' -sourcestrengthInoise_evel)

-predoninant spectra (frequencies)

-noise event durations

Land Use patterns -distributionand locationof
: 'residentialand commercialareas

(receivingproperty) ..

-dimensions of receiving areas

-distances to receiving areas

-land uses betweenrailyard'and
'_"_ .receivingproperty

-locationof noise sources(groupS)
relative to receiving property

Populationimpacted -averagepopulationdensity

-receivingpropertypopulationdensity

Railward/NoiseSourceactivitylevel -averagenumberof day and nightevents,
or events per work shift

-duration.ofoperationper houro'r
work period

Noise exposurerating scale -averageday-night level(Ldn)
-based_on A-weighted sound level, dB

Propagationfactors -air and groundattenuationrate

-residential building insertion loss

-industrial building insertion loss

Noise generationequations -Ldn,Lmax, Leq(1)max at base distance

-Ldn,Lmax, Leq(1)max at receivingdistance

, ! .,
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Table 1. (Continued),

. _bdel Element Imputor OutputData

Noise'propagati'onequations _ - noisebarrier•attenuation "'
•".,. r " -Ldn variationwithdistance "

/" Noise impactdetermination • - PopulationExposed(PE) .

- Level•Weighted PoPulation (LWP)
Noise reductioncost determination - Barrierwall cost factors

- Total cost for railyard

'Railyardinventory - Numbersof railyardsin eachfunctional
• category

TotalNationalimpact . - L_JPand PE totals for samplerailyards"

U'IPand PE scaled up to national level
by tatlo of total number to sample number

of railyards

.... Total noise reduction costs from use
of property line barriers

5
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There are approximately 4000 rail carrier facilities in the U.S.

which have been defined by DOT/FRA as railyards. •'Some of 'these railyard

facilities are relatively large (50 to I00 parallel tracks, total complex Z
. . . .+ •

to 5 miles in length), and some are relatively smal'l("a.fewtracks,'and a ..

.few thousand feet in length)_ The largest yards may process a flow of 5DOD

railcars per day, while the vary small yards move less than 50 raiIcars,per

day. For modeling purposes, it was appropriate and convenient to categorize

these facilities by function into 4 major types.

o Hump classification railyards ,

m " 'Flat classification'railyards

o Industrialrailyards
(

m Small industrial railyards

Classification means breaking apart the incoming trains into

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

into str.ings of cars to make-up outgoing trains..

Hump classification yar_ conflgurations consist of a hill over [

wh'ichrailcars are pushed by ]ocom0tives, and a b0wl containing a fan of
/

parallel tracks into which the'railcars roll by g_vity. Devices on' i

the tracks called retarders act on the railcar wheelsas they pass through i

•to control their 'speed,and switches on the tracks fix the paths of the .'

railcars.

Flat ol'assifioation yards are operated by a nu._ber of locomotives

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

6



theyard to breakup and re-formtrains.• Industrialand Small Industrial'

• yards are also flat'yards but are operated 'bya smaller number of switcher
• ,. . ..

• • ., . .. . , . . .

' locomotives." .. ' ,', . " . ,

..+. The predominantnoisesources (operations)identifiedin rail-..
, ?

yard facilitiesand includedin the model are listedin Table 2 according

to yard type. 'Sw'itchenginesand in-boundand out-boundtrain operations

are modeledas moving sources,while the remainingsourcetypes _re stationary

(groupedor virtualsources).

;" +

• )
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•Table2. 'RailyardNoise Sources

HU?_P,YARD- NOISE SOURCES: /

MR - Master'Retar ers (Includes'Grou Intermediate° and Track)

MS..HumpLeadSwitchers "

.- IR InertRetarders

- MS - Makeup Switchers

- CI Car Impacts

IL Idling Locomotives

LT LocomoticeLoadTest

RC - Refrigerator Cars

IS - "Industrialand Other•sVlitchers

OB - Outbound Trains (Road-Haul and Local)

IB - InboundTrains

FLATCLASSIFICATIONYARD- NOISESOURCES:

CS - Classification Switchers (includes industrial and other s_.Jitchers)

CI Car Impacts

IB Inbound Trains

OB Outbound Trains (Road-Hauland Local)
2.

.IL - Idling Locomotives

LT - Load Tests

RO - Refrigerator Cars

INDUSTRIAL AND SMALL INDUSTRIAL YARD - NOISE SOURCES:

SE Switch Engines

CI Car Impacts

IB Inbound Trains {Local)

_'J OB OutboundTrains(Local)

8
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TOFC/COFCYARDS(ATTACHEDTO SOI4ERAILYARDS)- NOISE COURCES:, .'

....- CT Crane/Lift{Truck) i
J

GT Hostler(Goat)Truck i

Not all hump and flat yards will have parked refrigerator cars. In some

cases,however,there may be refrigeratorcars and idlinglocomotives !

" parked in the smaller railyards (industrial, small industrial)..Not all

: humpyards have inertretarders.

r.iEredetailed descriptions of the function and elements of the computer

model are presented in the following sections.

-ll,
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1.2 Function and Logic of the Model

The railyard facility noise emission regulation model is

designed to calculate the noise exposure .levels generated and '"

the rate of'attenuatlon over the receiving areas, and then to

compute the noise impact in terms of LWP and PE'values for.

residential and commercial land use areas at individual rail-'

y'ards. In 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 noise barriers are

also computed by the program. The basic types of input data

required and the results generated were indicated in Table i.

..........................

In its simpliest form, the railyard noise impact model

consists of three general sub-models:

• Noise Generation Model

• Ldn for each noise source

Ldn for each group of noise sources

• Noise Propagation Model

Excess air and ground attenuation for each source

Insertion loss due to industrial land use

Insertion loss due to residential buildings

Insertion loss due to walls at railyard boundary

Total attenuation of Ldn with distance

• Noise Impact Model .................. u_

Integration to obtain PE and ENI (or LWP),
and costs of noise barrier walls ....

These three models are combined in an integrated

computer code. •

l0

........... _.................................... •...............,.......



A simplified view of the structune and elements of the

model is provided by the diagram in Figure I. A description of the input

data andtheir requirements and generation will be discussed in detail .

inSection2.2. Thebasicsources.ofthedataare

indicated in Figure i. The Environmental PHoto Interpretation Center (EPIC)

analyzed photographic imagery in conjunction with U.S,G.S. maps for each

sample railyard, selected in order to determine the land use configuration

around the railyard, and to indicate the locations of some of the railyard

noise sources. Overlays on tracing paper were made to shov_the size,

boundaries, and relative locations of areas interpreted as residential,

commercial,'industrial, aghicultural, and undeveloped land uses. An example

is shown in Figure 2. The population and other demographic variables in

,_ the areasurroundingeach samplerailyardwere obtainedfromcensusdata

analysesconductedby ConsolidatedAnalysesCenter,Inc. (CACI).The key

railyard and source activity rates were obtained for many of the sample

railyards from survey questionaires returned by the rail carriers. In

general,the remainderof the data requiredwere generatedby the EPA from

the literature on railyard operations, rail carrier noise sources, and
6,

rallfacilitynoisesurveys.

The basic logic for the model is indicated in Figure 3, and can be

described as follows. For a given railyard type, type of sources operating,

railyard traffic rate, and impact area the noise generation model first

computes the Ldn value for each source at a reference distance of 100 ft.,

and then computesthe Ldn for each sourceat DN, the distanceto the near

side of the impact ar_ea_-_"The composite Ldn at ON is determined for the

iI
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Figure 3. Mo_al Schematla for Railyard Noise Impact I Calculatlon Routine
For

Each. Aroa

And ' Configuration Noise Levels i. Referanae Ldn
' ' > per Source

Source Groupal I I.source. Activlty , '_
Source Types Impact Areas _ [

, ,, , , |

m

Land Usa

Propagation -
Attenuation

'_'_ 2. Ldn' at DN per source

I Population I _ 3_ Sourca group Lab at DNDensity I r 4. Background Ldn '
b _
• 5. CompO_it_ Ldn at DN

•, , • . , ,

Pr°l_agatlon '> I_.. Nolae Barrl-J,

I  t°nca"°nI .•'t•
g. xmpeet araa_ far IdB

Incremonta

i0. Total LHP and PE for 7. LWP for each 1 dB band

all Source Groupa _nd _ , 8. Sum LWP valuc's o¢cr •impact
azaaa _ area ,,

9. PB for impact area

i



sourcegroup,and combined_withthe backgroundnoiselevel. In the baseline

'case (no barrier wall) the composite noise level is'then propagated across

the impact area integrating the'Ldn vs. distance relationshipwith the impact

waiDhting factors and populati'on"densityin IdB increments to obtain the "

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

sources (groups) at the railyard, and the resulting PE and LWP values are

sufnmedto obtain the total impact.

For each of the alternative noise limits at the receiving

properties, the various height_ for a wall at the rail yard boundary

necessaryto reducethe baselineLdn valueto the desiredvaluesat the

receiving properties are _omputed. The LWP and PE values are then calcuiated

as discussed above.
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1.3 t;oise Generation, Frc:_o{ation, ,=.rod Exposura/Impac'c
Equations

The basic algorithms end terms used to define or deter-

mine noise generation, propogation, and impact in the computer

model are presented below:

1.3.1 Noise Generation

•. . , '• .' . .

1. Reference Ldn at DO,(DO =lOO ft.) -

"' {a.} For repeated single noise events all sources except
IL, RC, and LT

- Ld,iDO)=S_=-49.4+10logC(NO+IONN)(NL/NV)],- __f -
-whe_NDorNN> 0..... •_-"

, _ Ld[lI(DO)_O.whan_ND_andNN _= 0.._

The term (NL/NV)represents the number of locomotives
at each virtual source (e.g., if there are 3 virtual sourcee
and 6 locomotives, then the effective number of locomotives
at each virtual source.is:

6 2).7 =

--(F.y--[_;_'?_Ci_us-_'_6_;_nt_-(IL7rc,andUf)"
/

Ldn (DO) : SEL-13.8 + i0 log (NH x NUI + NH2 xNU2 +IOtIH3xNU3);

SEt = LEO (i), and

• NHI, _JH2, or NH3>O.

Ldn (DO) =0, when NHI, NH2, and NH3 = O.

2. Activity Rates

ND= NP x N-_ N_S x _P

NN I.,Np x NEN x NES x £9

3. Terminology -

Ldn Day-Night Average Noise Level

SEL= Reference Single Event Level (10 logfoTloL(t)/Indt)-

lEq (i) = Reference Equivalent Noise Level for 1 hour duration

NI]= Total Number of Day-time events (7am - 10pm)

.... NN = Total Number of Nigh_.'-timeevents (10pn - 7am). ..

NL -- Number of Locomotives

NV --Number of Virtual sources
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NHI : Numberof Hoursoperatingduringfirstshift

NU1 = Numberof UnitsoperatingduringfirstShift.

NH2 = Numberof hoursoperatingduringsecondshift
• ', . , ,

NU2 = Numberof Unitsoperatingdruingsecondshift .

NH3 = Numb'erof Hoersoperatingduringthird shift

NU3 =r(umberof Units eperatingduringthirdshift

NP = Number of Pass-bys per event (moving sources)

NED - Numberof sourcesor events,Day-time

NEN= Number of sources or events, Night-time '

NE$ = Numberof Eventsper Source

EP =Event Probability

._, 4. ReferenceLMAX andLEQ _X (at DO).

• (a.) For repeatedsinglenoise events

LP_X= L_X (DO)+ 10 log NL

• LEQMAX= Largerof Day LEQ and Night LEQ (I)

DayLEQ(1)=SEL-4,.3+IOlog
, , . ,*

.-..' ..... Night'LEQ(I) SEL 45.1 + 10 log_NN (_)_NLS.

(b.) Forquasi - continuous'noiseevents (IL,RC,andLT)

LMAX = LMAX(DD)+ 10 log (NUX)

LEQMAX='LEQ (I) +'I0 log (NUX)

NUX = Largerof N_, NU_, or NU3
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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 Leq of the selected source is less than the

trigger level at the property line, then nothing is done.

If it is above, then the Leq at 100 ft is compared with the

noise source standard (60dB for IL, 63DB for RC). If this

standard can he 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 (i00 + 70* max # sources) ft. For RC it is

(21" max # of sources) 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 out at 5 ft and is raised in

1 ft' increments until either:

i. 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, i
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1.3.2 Noise Propagation

5. ILdn at Receiving Property (DN). N
DN

_Ldn (DN)= LDN(DO) -ALPHAG x (DN-DO)-AI- 10 log(b-_)

DN Distance from source to near side of receiving
property

ALPHAG = Extra Air ind Ground Attenuation Coefficient

A_ = Insertion loss due to industrial buildings

N = i for moving source

2 for stationary source

6. LMAX and LEQMAX at Receiving Property (DN). DN_
LMAX (DN) = LMAX-ALPHAG X (DN-DO) - AI - l0 log (_) N

L_Q_X(D_)= L_Q_X-ALPR_GX (DN-OD)-AZ--l0 log(D_[

7. Noise Darrier (Wall) Attenuation

AW=s+1olog
,.=2_/_o. :

_== wave length for predominant frequency _:=_

= 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 i 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 equations.
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A --J(Hw_ -'Hs)2 + (DR- DB)2

B =V_Hw- Hr)2 +"DB 2_,[

C .= J(HS-Hr }2 + DR2

Hw = wall height, ft. (maximum allowable Hw = 30 ft.)

Hs = source height, ft.

Hr = receiver height, ft.

= distance from railyard boundary to receiving property, ft.

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

**When DB < 50, DR : DN + (50-DB), DB : 50

WhenDB _>50, DR : DN. •

8. The following restrictions hold for AN -

a. When Hs = H r and Hw <He: AN = 0

h. When Hs = Hr and Hw = He: AW = 5

c. When Hs • Hr and Hw<h + Hr :AW = 0

d. When Hs>H r and HW = h + Hr: AW = 5
h = (Hs-Hr) De/DR

e. When Hr> Hs and Hw<h + He: AW =0

f. When Hr_H e and Hw = h + Hs: AW = 5
DR-DB

h = (Hr-H e) ( DR )

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-slght.
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8. Ldn at any distance (D) beyond receiving property line.
• DN

Ldn (D)= Ldn (DN)- AT - GALPHAG x (D-DN) - l0 log (_N).

GALPHAG = grouped source air "and ground absorption co-

efficlent (db/ft.).

AT = Total insertion loss due to noise harrier, industrial

..... 'land, and residential/commercial buildings(dB).

N = 1 for moving source

2 for stationary source

9."'-'Total fnseftion'loss_ AT. "

AT = f (AW, A_j AR), dB

AW = noise barrier wall insertion loss, dB

AX = industrial building insertion loss, dB

AR = residential/commercial building insertion loss, dB

.... Baseline (riowall at railyard boundary, AW=O)
.w.<-

"i
Case (a) _Jhen'AI.=O, AT =tAR .

Case (b) When AI 20, Ar =_AI +.6_

WaH at Rail_ard Boundary (AW "> 0):

Case (c) . When'_AI O, AT = AW + AR/2 ""

Case (d) When AI >0,

AT = AW +_AI.+ AR/4

_Source group composite Ldn
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1.3.3 Noise Exposure/Impact

Improvements in public health and welfare are regarded

as benefits of noise control." Public health and welfare bene-

fi£s may be quantified both in terms of reductions in noise _" "

exposures and, mere meaningfully, in terms of reductions in

adverse effects. The model first quantifies community exposure

to rail facility noise (number of people exposed at different

noise levels), then translates this exposure into a" community

impact measure. The noise exposure/impact scale is based on

........the general adverse response to environmental noise, and

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:
w

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 quality 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-

ment. This provides a measure of the community's general

adverse response to rail facility noise. The analyses were

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

'_._2 land use. This, in effect, quantified the impact on the

residents of the area regardless of whether they participate

in residential or comm_ercial activities.
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The general measure for environmental noise used by the EPA

.' is the equivalentor averageA-weightedsoundlevel (Leq),in unitsof ,

decibels. This indicatorcorrelateswell with the overalllong-tem • "

effectsof noise on the publichealthand welfare. ,

When expressedin te_s of an A-weightedsound level,L(t),the

equivalent sound level (_g) is expressed by:

: I .;: .

...... La_ - I0 IoSLO I , . • .10 d_

i ' " tL

r,(:i]where,Sn _eoeral,t(e.)" 10 lo_1
" , ., L Pa .J '

The cul;_ulativeimpactof noise on peopleis assessedin tenns

__. of the day-nightsoundlevel(Ldn)which is a noise ratingscaledeveloped

by the EPA. Ldn is usedas a ratingscale for the daily(24-hour)sound
exposure. It incorporatesa weightingappliedto nighttimenoiselevels

to accountfor the increasedsensitivityor reactionof peopleto noise

intruslonat night. Thus,Ldn is definedas the equivalentsoundlevel

duringa 24-hourperiod,with a 10 dB weightingappliedto the noiselevels

for the noiseeventsduring'thenighttimehoursof 10 P.M. to 7 A,M. This

may he exp_ssed by the followingequation:

. . : • . , i) .. ', l %.

• _ ' ) !; £3 '" "

_e_ " 10 loS_O! , 10L(c)/lO dc'+'i/'.; ._ c)+lO)/ZO• ''J :, , , _ ,

where T:t3-tI, tl:/A.M. on Ist day,t2=lO P.M. and t3 = l A,f.t."
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For the purposesof thismodel,noise impactcriteriapresented

: in.the EPA Levels Document are used. When the outdoor level'of Ldn:55 dB
• (which is identified in the EPA Levels Document as requisite to protect the

.... "public health and Welfare) is met, no adverse impact !n terms of general

anneyanc_and communityresponseis assumedto exist on a statisticalbasis...

For Ldn > 55, a function for weighting the magnitude of noise

impact with respectto general adverse response (annoyance) has been dev- ._

elopedby the EPA. This function,normalizedto unity at Ldn : 35 de,

expressesthe expectedfractionalimpact,_|(Ldn), in accordancewith the
fallowing relationship:

fo_ t < C.

. I is the observedor measuredLdn of the environmentalnoise,and in this

studymodelthe criterionlevelC is Ldn = 55 dB.

The totalimpactof railyardnoise can then be expressedin terms

of bothextensiveness(i.e.,thenumberer people impacted)and intensiveness

(the severity of impact) by multiplying the W (Ldn_ value by the number of'
peopl_(P)exposedfor the correspondingnoise l_vel and areaunder consideration.

For an incrementof area, then, the noise levelweightedpopulation

(LWP},or the numberof peoplewho are considered100 percentaffected,is

given by:

ii. LWPi = Wi (Ldn) x Pi
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Since the Ldn from a givensourcevaries_vithdistance,the W(Ldn__ val
ue

will varywithdistancealso,'andthe total impact(LWP) is obtainedby

".integrationor Summationof the LWP valuesin the successiveincrementsOf ...

area outfrom the source. In the generalform, the total,equivalentimpact

• ratingis: ' , ."

Z2. ' LWP = _ Pi x Wi (Ldn)
i

I_re specifically,the LWP calculationis made on the basis of suc_esslve

i dB decrementsin Lc,where Lc is the compositeLdn value for'thegrouped .
sourcenoiseleveland the backgroundnoise level,subject to certain

restrictionsexplainedsubsequently.

Sourcegroup Ldn _ LG = 10 log _ 10 Ldnj/10),dBi
J

Ldnj= Ldn valuefor each source,

13. Lc. compositeenvironmentalLdn = 10 log (IoLG/IO+IoLBG/IO),dB:

.. and LBG = background(non-railyardsource)Ldn'dB

14. LBG = 22 + 10 log/a,dB; when/a< I_BS;

=looalaveragepopul t o deos ty

15. Restrictionson LG and Lc:

LG> LBG -k, k _ 6, and

.Lc>SS

TheserestrictionspreventLG from decreasingto less than 6 dB below

LB6, and thuspreventL¢ fromdecreasingto less than 55 dB.
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16. AverageLc for each 'incrementalarea in computingLWPi

Wi (Ldn)- Wi (_c) . •

Lci+l = Lci -ldB,and

Lci + Lci+ I

Lci = 2 dB

........ _c "_5..............................
"I(_c)°( i )

20

17. Incrementalarea and population

.Theincrementalareas (Ai)are eitherrectangularstrips(formoving

sources)or angularsectorsbetweensuccessivesegmentsof a circle(for

stationarysources).

StationarySources

f"_ I ..... ".......................

......I Aioi+ oes-IOl= (Di+l) - Dl D2i+i - D21

"--..I.....V.......-. -..........

Movln_ Sources

A. = d(D___ -D.),d = length of receiving property,

.... D[=--distance from source to near s_de of area increment!

Di+1 = 'distance from source to far side of area increment.

The Increment'areapopulationis computedaccordingto:

P| =,/0r Ai , where

/r =/Olr , and

r = residentialand commercialland use factor,or fraEtion(£C l,O).
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Thus, starting at DN (or Di _ D1 ) and continuing across

the receiving property, increments of area are defined (Di

is computed) such that _ . decreases 3 dB for each successivecl

area increment until either the far aide of the property is

reached or L¢ decreases to 55 dB. W i(_c) _nd LI_Pi are corn- "_

puted fo_ each area increment, and the LWP i values are

• suntmed to obtain the total LI_P value. Also, the total area

in which Lc = 55 dB is multiplied by pr to obtain the Popu-

lation Exposed (PE) value.

iB. Total National Impact

When LWP values have been computed for a sample of

railyards 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) is estimated according to:

•.... LWPs = ._ LWPk , and _"

Nt

LWPt = [WPs x _ ., where

LWPs = total LWP for the sample railyards (in a particular type),

Ns = number of railyards in the sample,
0,

Nt = estimated number of railyards in the U.S. for the particular type.
.+



1.4 Benefit and Cost Meashres

The benefits associated with alternative regulatory

levels for railyard facility noise emission li/its are

measured in terms=of the reduction in the ENI (or LWP) or'

PE achieved. The computer model calculates the difference•

between the baseline (i.e., no noise barriers at the rail-

yard boundary) ENI value and the resulting ENI value after

.." . different height walls are considered at the railyard

.'buundary to reduce the noise levels to the alternstlve

rsgulatory levels (Ld'n = 75, 70, 65, and 60 dB). Thus, the

output data includes the ENI reduction (DENI) associated

with each regulatory level for each railyard analysed.

The computer program also computes the estimated costs

for construction of the walls at the railyard boundary to

attenuate ths rsilyard source noise levels to the alternative

- regulatory levels. The noise barrier costs are determined

according to_

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

• Cl= costunit area ($/ft_")"

/ _ This cost, ci, is assumed to be $i0 per sq ft.

x_

28



2.0 Input Data Requirements

2.1 Introduction

Two categories of functional input da£a 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-

tions, and the physics of noise propagation. Variable (or

dynamic) data are required to define the configuration of the

specific railyard, the receiving property locations, size and

population, and the noise event rates for the specific rail-

yard and sources.

The fixed data.include reference noise levels (Lma x and

Ls) 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

varlable'data include distance from sources to receiving pro-

perties, dimensions of receiving properties, travel distance

for moving sources, propagation attenuation factors, number of

noise events or hours of operations for each source and

number of noise sources.
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2.2 Source Noise Levels

The reference average noise levels* used in thl noise imoaet

health and welfare model are summarized in Table 3. The bases for deter-

mining the average noise level for each type of source are presented below.

Data sources are specified in the reference section. (6"13) '.Moredetailed

information on the derivation of the average source noise levels can be

found in Reference 17, Appendix L. "

Master/Group Retarders

Average Maximum Noise Level:

The references (numbers in parentheses) and data sho_vnbelow were used to

obtain the baseline average maximumn-oise level-for-master and group re-

tarders. All measurements were at or normalized to a distance of tO0 ft. (30m).

(1) a. Lmax energy ave. = 116 dB; 58 measurements.

b. Lmax energy ave. = 111 dB; 37 measurements.

/_', (6) Lmax energy ave. = 108 dB @ IO0 ft (30 m); 3B measurements.

(9) a. Lmax energy ave. : ]gg.5 dg; 113 measurements,

b. Lmax energy ave. = I08.5 dB; 164 measurements.

(1,6,9) Composite average Lmax : 111 dB; 410 measurements.

Average Single Event Level (_s):

A sample noise-time history indicated durations of 1.5 to 2 sec

between the 20 dB down points for clearly def'inab)2 events.(6) The typical

lmax : 110 dB at I00 ft with a 10dB down point duration (tlO) of 1 sec and a

ti_oicalLs of 107 dB. This implies that Ateff = 0.5 sec since:

Ls - Lmax + 10 log a teff.

A few other data indicated a typical retarder squeal (at IO0 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

(t30).(6'g) This also results in Ateff = 0.5points seG.

: _, Additional data on retarder noise events _vereobtained during

noise measurements at railyards condu£ted for the EPA in 1978. (13)

*A-weighted sound pressure level, dB re. 2X10 dynes/cm _.
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Table3

SOURCENOISELEVEL*SUMMARY

Numberof

Noise source _easurements LmaxJ=/_J Leq (Workcycle),dBjL s or_Leq(1)_',dB

MasterRetarder: 410 111 108
Group,Track and
Intermediate

InertRetarder 96 93 90

Flat Yard SwitchEngine Ref. 18 90 77 94 {4.MPH)

Rump SwitchEngine, Ref, 6 go 7B 95 (4 MPH)
(ConstantSpeed)

In-orOut-boundLocomotive Ref. 6 90 7B 95 (4 MPR)

Idling Locomotive
65 (<2500HP) '[66]

_u 67 (>2500Mr) ,

Car Impact 164 99 - , 94

RefrigeratorCar 23 73 67 [67]

'LoadTest (HighThrottle) Sg go 87 /87]

Crane Lift Ref. 19 83 79 106,5

Host_e_truck Ref. Ig 82 65 ' 94.5

,,,, ,,

* A-vleightedAverageat 100 ft,'



Analyticalevaluationof the 1978measurementdata indicatetypicalAteff .

valuesin the 0.5 sec range.(!7) Thus,at 100 ft (30 m) distancefrom

the retarder,the typicalor averageL s valueis 108 dB.

Inert Retarders

The energyaveragemaximumlevel(Lmax)for the 96 data points.
was 93 dg (@ IO0'ft.).(6) "

Since therewere no data availableon inert retarder.noiseevent

durations,it was assumedthat_teff = 0.5 sec. Thus the reference Ls was
90 dB.'

nat YardSwitchEngines

Maximum noise levels at 100 ft. (30 m) for 30 events during

accelerati'on"passbys("kicRing"railcars)were in the range 73 to 92 dB, with

an energyaveragelevelof 83 dB.(6) However,more recentdata indicateda

_-.. work-cycleaveragelevelof 77 dB, and an averagespeed of 4 mph.(18)

.. Therefore(B).

ReferenceLs = 77 + i0 log ( _ D/V) = 94 dB, where
= 100 ft.,and V = 5.9 ft./sec.

HumpSwitchEngine-

Only a few data samples were available to indicate the typical

noiselevel for humplead switchenginepassbys.(6) These data indicated

that_L_eqwas in the 76 to 80 dB rangeat I00 ft {30 m). Therefore,an
"Leq = 78 dB was assumedfor the noise impactmode_..Thus(5)

" ReferenceLs = 78 + 10 log (_) = 95 dB, where
D = 100 ft., end V = 5.9 ft./sec.

I.dlin9 Locomotives

Two references contained numerous measurements of noise levels

from a wide variety of ty'pesand sizes (HP) of rail locomotives at the

stationary idle (throttle setting O) condition.(2'6) The measurements were

obtainedat distancesof 50 to 150 ft (15.2to 92 m) in railyards6nder a
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variety of operating conditions (including load tests, special tests near

repair shops and groups of idling locomotives). These data were examined

and, where required, nomalized to the noise level of one locomotive at a
distance of 100 ft (3D m). In those cases where the measured level was due_

to a llne or group of locomotives, a standard analytical procedure was used

to estimate the average level for one locomotive.(6) One of the references

presented data for "road engines" and "switch engines" Without defining

either type of locomotive.(6) The other reference listed the power rating

(HP) of the locomotives for which noise levels were measured.(2}

In the railyard noise impact model,'it was assumed that switching

operationswereperformedby a 50/50mixtureof locomotivesaboveand below

2500 HP. Therefore, the Leq_I) value used in .themodel for an idling loco-

motive was.66 dB.

Load Cell Operations

Noisemeasurementdata for locomotivesoperatingin a stationary

condition at high throttle settings were available from 4 referencesL(1'2'6'9

The locomotives were operating under either a self-load condition or at a

load test cell facility. The majority of the data samples (51 out of 59)

were contained in one if the references.(2) The size of the locomotives.

ranged from 1500 to 3600 Hp, and the noise levels at 100 ft (3D m) ranged

from 84 to 94 dB. The resulting energy average noise level at 100 ft (30'm)

was gO dB. However, to account fora mixture of low and high throttle

settings,an Leq(1) = 87 dB was assumed. _.

RefrigeratorCars i

Noise levels from the diesel engine powered cooling units on refrigerator

cars are a function of engine speed 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

approximately100 samplesof refrigeratorcar noise levels.(6'12'17)
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However, much of the data i s not defined relative to both engine speed and

side of rallcar (engine vs. condenser), Therefore, only those noise data

(about 23 samples) for Which'specific operating conditions and measurement
locations were known were used to deriv'e the representative average noise

level for refrigerator cars, (6_17) The weighted (energy)average for both
sides at each throttle setting was calculated since the refrigerator cars

are likely to be randomly oriented in the railyards, and thus it was assumed

"that it would be equally likely (over the total number of railyards) for the

receiving property areas to be subjected to the high and low noise sides.

Also, the recent references indicated that high engine speed operation
(12)

typicallyoccurredfor only 10 minutesper hour. Thus, the weighted
energyaveragelevel for both speedsand both sideswas 73 dB at 50 ft (15 m).

The referencelevel thusused in the noise impactmodel was Leq'(1)= 67 dB

at100ft(30m).

Railcar Coupling (Impact)

.. Severalreferencesprovidednoise level data for railcar couplingimpact

events,(6_g'!!) Two of the references which were initially available did not

includeeithercouplingspeed datacorrelatedto the noise level,or noise

event durations from which SEL values could be determined. (6,9) However,

otherreferencesprovidedimpactnoise levels (_naxand Ls) correlatedto

coupling,speeds, and indicated the probability distribution for coupling

speedsi(IP'11) Assuming that the noise level and speed distributions would

hold for all railyards, it was possible to calculate the expected energy ,

noise level for car impact events. Essentially, the expected level is the

integral ef the product of the noise-speed and speed-probabili_ty functions.

The basic data used for this determination consisted of 31 samples of Lmax
and L values for coupling noise(11), and 61,000 samples of car coupling

_s (10)
speeos,

The expected noise level values were:

Max Lexp : 9B.B dB at 100 ft (30.5 m),

: 94 dB at I00 ft (30,5m). ""
Ls exp
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In addition, two possible impact noise control options were considered -

limiting coupling speeds to 6 MPH, or to 4 MPH. Expected noise level
values for these cases were determined by assuming that for the 6 i.IPHspeed

limit case, all couplings•above 6 MPH would be redistributed into the 5 to

6 MPH interval. And for the 4 MPH speed limit case, all couplingsabove

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

a 6 MPH Speed Limit, Max Lexp = 97.3 dB

Ls exp = 92.0 dB

•m 4 MPH Speed Limit, Max Lexp = 91.7 dB

Ls exp = 85.8 dB

TOFC/COFCYardNoise Sources

Itwas determinedby noise surveydata that the Lrailers-on-

flat-car and container-on-flat-car areas at railyards could be represented

F--,)_ by two predominant noise sources - diesel powered cranes (crane-lifts) and

trucks (hostler or goat trucks).(lg) .The average noise levels at 100 ft.

(30 m}, and durations per work cycle were:

Crane-lift Lmax = 83 dB

Leq (workcycle)= 79 dB

Work cycle duration = 9 min.

Ls (work,cycle)= 106.5dB

GoatTruck Lmax = 82 dB

Leq (workcycle)= 65 dB

Work cycleduration= 15 min.

Ls (work 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 unless new

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

course, the values of the input parameters can be changed

accordingly, i The source related activity constants (NP, NL,

NV, etc.) 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 operation. However, it is assumed that the re-

ceiving.properties will be exposed to only one noise event

(NP=I) for each inbound and outbound train operation. In 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 impacts, CI)

the number of virtual sources (NV) is aisumed equal to 2 for

hump yards and 4 for flat classification yards so that there i

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 ear 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 probability (EP) is 0_5.

In the case of master/group retarder (MR) noise events, the

railcars pass through 2 (or more) retarder stages, hut 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. In the TOFC/COFC areas the goat or

hostler truck (GT) works two cycles (NES=2) for each flat rail-

oar (two trailers per flat car), and the crane lift (CT) works

4 cycles (NES=4) for each flat railcar loaded. "-
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TABLE 4. Fixed Input Data for Railyard Noise Impact Model
Noise Source Data

INPUT DATA PARAMETER

IOISE LMAX* LS* NP NL N NV" NES EP ALPHAG DO

SOURCE (dB) (dB) (dB/FT} (FT;

HS 90 9S 2 I i I Z I .ooz 100
_ 90 94 2 2 I i •i z .ooi
IS 90 94 2 I I I 1 i .001

CS 90 94 2 I i i. 1 I ,001

18 90 95 I 3{I)"" I 1 i 1 .002

OBI 90 95 1 3(2) 1 1 1 1 .002

# b

OB2 90 95 1 I I" 1 1 1 .002

MR 111 ' 108 I, I 2 I 2 0.50 .010

IR 93 90 I I 2 i i 0.85 .010

CI 99 94 1 I 2 2 (3) I 0.50 .005

f"i IL 66 66 NA NA 2 NA NA NA .0025

RC 73 67 NA NA 2 NA NA NA .0035

LT 90 (4) 87(4) NA NA 2 NA NA NA .0020

GT 82 "94.5 1 I 2 1 2 I .0020

CT 83 106.5 I i .2 1 4 1 .0020

* Reference (at i00 ft.) %.

(I) 1 for Industrial and Small Industrial Yards

(2) 1 for Small Industrial Yards

(3) 4 for Flat Classification Yards

(4) These values are reduced by 12 dB 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

DivergenceLoss

The reduction of noi.sewith distance from the source because of

divergence loss far stationary (individual and grouped) 'sources in the rail-

yards is a function of 20 loglO (distance ratio) assuming that the sources

radiate in the normal hemispherical pattern. Therefore -

Stationary Source: Ldn (D2)..=Ldn (DI) - 20 log (-_).

• In the case of the movin9 sources, e.g., switch engines, Ldn is

developed from SENEL per pass-by and the number of pass-by events. At a

particular distance 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)

SENELI = Lmax1+ 10 log t_'_)

: where:

DI : distance from source to observer (m), and'-

V : source speed (m/sec).

Then at any other distance D2 it can be shown that -

D 2

SENEL2 : SENELI - I0 log DII ' and

Moving
Ldn (D2)= Ldn (DI)- 10 log (_)

Source:

Air and GroundAbsorption

During propagation, the noise energy i_'also absorbed in the air

and on the ground surfaces. The air and ground absorption 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) are:

2fd

Aair -

3B



A : i0
ground logio fd 5" , for fd >4xi05,

4xi0 5

Aground :.O, for fd' _4xI0 ,
where: ..

•A = attenuation, dB

f = sound frequency, Hertz, and

d = distance from source, feet•

However, since, the noise model must compute Ldn values, and since the

Ldn noise rating scale is based on A-weighted sound levels, it is more con-

. venient to use a combined air and ground attenuation factor representing the

attenuation ofthe A-weighted noise levels with distance_ For each type of

source the air 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 equations given above• The A-weighted level at each

distance was then Computed from the correspondingly attenuated octave band

noise levelsland the differences between the levels at the selected dis-

tances were _usedto determine the average extra attenuation (Aa+g) in dB
attributable to air and ground absorption. The resulting combined air and

f"_.., ground absorption coefficients,are shown for each noise source type in Table 5'.

Table 5• COMBINED AIR AND GROUND ABSORPTION FOR MAJOR RAILYARD NOISE SOURCES

CombinedAirandGround

Noise Source - Absof.ptionCoefficients,
IALPHAG (dB/ft)*

Retarder 0.01 (dB/ft) O.O33(dB/m)

Swltsb Englne 0.001 _. 0.0033

Car I_pasc 0.005 ,0164

Idlln8Locomotive 0.0025 .0082

LocomotlveLoad Test 0.002 .0066

• 'Refrlgeraclon Car 0.0035 .0115

Road-Haul Locomotiva ....... 0.002 .0066

Crane-lift 0.002 .0066

Hostler Truck 0.002 .0066

•Based on A-weighted SPL
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However, in general, the noise impact results from either

groups of stationarY or coving sources. The average

absorption" coef'ficients assumed for mlxed types of stationary

and coving sources are shown in Table 6. -

Table 6. Average Propagation Attenuation Coefficient
" for Grouped Sources

Group Type GALPHAG CdB/ft.)
o.

Moving Source Group 0.002

Stationary Source Group 0.005

2.5 Noise Barrier Parameters

The noise attenuation in a receiving property due to

placement of a wall at the railyard boundary is determined

/-_ from the equations shown in subsection 1.1.3.2, Noise Pro-

-- pagation, item 7. Th_ dominant sound frequency and height

above ground for each type of noise source are shown in

Table 7. The receiver height (Hr) used was 5 ft.

Table 7•. Constants for Noise Barrier Attenuation
Calculation

Dominant Source Height
Sound Frequency Above Ground.

Noise Source fo(H z) *- H(ft)

IL 125 i0

HS,MS,IS 550 10

CS,IB,OB
MR, IR 2500 1

RC 1250 8

CT,HT 550 8

CI 1250 3

LT 550 15"-

40



2.6 Insertion Loss Due to Buildings

Residential and Commercial Land Uses

On the basis of railyard location:data, it was determined

that noise attenuation factors due. to buildings were necessary

for three cases: (i) very low density areas, (2) residential

-" areas with" single-floor houses, and (3) residential, 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 overall conditions, including background noise

effects, are taken into consideration , the expected total

_ insertion loss for several rows of buildings was in the range

• 5 dB for surhurban residential areas (single-floor dwellings),

and i0 dB for hlgher-density areas with multi-floor buildings.

The resulting insertion loss values used in the model for 3

different population density ranges are liste d in Table 8.

Values of 4 and 8 dB are used in place of 5 and i0 dB, respec-

tively, to compensate for the variability in attenuation with

distance from the wall, and the inclusion of the insertion

loss at DN, rather than after the firs_one or two rows of

buildings.

Table 8. Noise Attenuation Due to Buildings on
Receiving Properties

LOCAL AVERAGE INSERTION LOSS:AR
POPULATION DENSITY

(PEOPLE/SQ. MI.). (dB)

<2000 0

2000to8000 4

> 8000 8
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Industrial Buildings

In those.cases wher_ there are other land uses between

the railyard and receiving property, the attenuation 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 barrier.

Table 9. Noise Attenuation Due to Buildings on

Properties Between Railyard and Receiving
Axeas

Insertion Loss (dB): AI

Statio- Moving and

Type Of Moving nary Stationary

F--_ Land Use Sources Sources Sources

Undeveloped 0 0 0

Agricultural 0 0 0

Industrial. 5 i0 7
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2.7 Variable Input Data

-' The variableinputdata are railyardspecific. In generalthey'are

determinedfor a sampierailyardfrom EPIC analysesand'sourceactivity

data provided'by the railyard operator (rail carrier company).'

The Iocationsof noise sources,sourceoperationpatterns(lengths"

of travel,etc.),locationsand sizes of residentialand commercialareas,

and distances from noise sources to receiving properties are determined

" from examination of USES 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 factors and assumptions have to be included"

in the data development.

Examples of typical variable input data for particular railyard type

are shownin Table I0..The methodof derivationof theseparametersis

• discussed in more detail in sub-section 2.9, Railyard Activity Data, and

section3.0, Derivation of Input Data.

The data showninTable 10 indicatethat for this examplethe study

areaaround"therailyardis 50% residentialand commericalland use, and

thereare 5 separateareasdesignatedas residentialor conTnercial{impacted i

receivingproperties).In the case of the first area (R I), the receiving

property is 4000 ft in length {parallelto the railyard),8000 ft. wide, and i

is impactedby 3 moving,noisesources. The distance (DN)from these5ources

to the nearestside'of _ is 300 ft., and the dislaoce(OB)from the railyard

'boundary to RI is 100 ft. The intervening land use is industrial, and it is

assumed that Industrial buildings result in an Insertion loss (kl) of 5dB in

the noiselevelbetweenthe sourceand the receivingproperty(RI). Since

the localaveragepopulationdensityis in the 2000 to 8000people/sq,mi.

range, it is assumed that single family dwellings are on the property, and the

noise level attenuation (insertion loss) due to the buildings (AR) is 4 dB.
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Table 10. Variable Input Data for Noise ImPact Model: Sample
Railyard Example

m

AVERAGE RESIDENTIAL NUMBER OF
RAILYARD YARD TYPE/ POPULATION COMtERCIAL RECEIVING

I.D. "TRAFFIC CATEGORY DENSITY LAND USE FACTOR PROPERTIES

Name/C|ty/ .Hump Class./
State High 5000 0.5 ' 5 ' .

IHPACT LENGTH WIDTH DB ATT(dB) DN(FT.) NUt.BEROF SOURCES
AREAS (FT.) (FT.) (FT.) AB,AR .I.DVING/STA. 14OVING STATIONARY

R1 4000 8000 100 5,4 300 0 3 O

NOISE • NED NEN NHI. NH2 NH3 NUI NU2 "NU3
SOURCE

HS 45 30

IB .I0 5 - - • -

OBI 7 3

Ii,IPACT LENGTH WIDTH DB ATT(dB), DNC _:T.)NU_IBEROF SOURCES
-- AREA (FT.) (FT.) (FT.) AB,AR MOVI_G/STA. MOVING STATIONARY

R2 2000 6000 0 O, 4 3OO 40O. Z 8

NOISE

SOURCE NED NEN NHI NH2 NH3 • NUI NU2 NU.___3

MS 20 10

OB2 5 2 - '

Isd'6 1ooo - -
LT 8 4 0_'.. 2 .'l O'

Impact
Area ....... etc.

h3

etc.
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' The source activity data indicate the hump switch ongines (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 outbound road haul trains (OB1).per day distributedduring

the dayand night as shown.. '
• i
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2.8 Population Density

The populationdata for a samplerailyardis generatedby'Consolidated

Analyses Centers, Inc. (CACI) using thei'rSite II System data base and computer

program which incorporate 1970 block level census data. This program accesses

• and sun_arizesthe 1970 censusat the blockand block group levelsand also "

estimated the 1977populationfor a selectedstudy'area based on such in-" ''.

formationas publicutilityconnectionsand residentialconstructionrates.

The CACI systemproducesa DemographicProfileReport,a sampleof whichis

- shown in Figure 4.

The studyarea is rectangularin shapeand equal to the l_ngthof the

railyard complex, and extends either 2500 ft (762 m) or go00 ft (1524 m)

on each sidedependingon the size of the yard (i.e., 5000ft (1524m) for

classificationyards and 2500ft (762 m) for industrialand smallyards).

The sitespecificor localaveragepopulationdensity is obtainedby dividing

estimated1977population5y the area withinthe rectangularcoordinatesof

the studyarea (excludingthe railyardarea).

The site specificor localaveragepopulationdensity is not equalto
.J

trueresidentaildensitysincein the studyarea, the la_d sucfaceareaused

to obtainthe densityvalue includesthe conmerciaT,industrial,agrigultural,

and uhdevelopedland. in the model it is assumedthat the peopleare contained

in the residentialand commercialareas aroundthe railyardwithinthe study

area. The residential-commercialland use functionis determinedfor EPIC

analysesWhichare discussedin a later section. Thereforethe impacted

popular!ondensity((°r)'isobtainedby dividingthe local average /o by
the residentialland use fraction(r). _.

46



DEMOCRAPH|C PROFILE REPOXT

MILL ST. lARD

AI[JLON, 0)]IO • B _ • Q • • 4 m • • • _ I _ • I i •LAT£ST CHANCE
D_G MIK SEE FROM 70

LAT;TUDE _ _1 7 30 1977 POPULATION _691 -89]

_ONGITUU[ 81 30 0 |977 XDUS[]IOLDS 1420 -Ibb
• 157_ FEN CAP thCOME $ )89_ | lob4

& ?DI_T FOLTCON '
• . • . ANN_JAL COMFOUH0 CROWTH -3,0_

VEICNT|MG FCT IOOZ * .* * * * * * * * * * * * • * * * * *

. . . ':i 1g70 CENSUS DATA

_OPGLATION AGE AND SEE , "
_OTAL 458_ iOO.0_ MALE . _EMAL[ TOTA_
WHITE _ 3328 72,6Z 0-5 227 IO.OZ 234 IO. tZ lO.|I
NEGRO ]_53 27.35 6-13 320 lk.lE 320 13.82 14.O1
OTH£H 3 0.12 14-17 203 9.0E 183 7.5S ' 8.''

18-20 201 8.92 177 7,6S
_?AE 13 O._S 21-29 3SR 17.1Z 320 13.NS Io.-A .

30-39 162 7,1E 207 SVgS 6.0I
&O-&9 2_| 10*2E 196 8.52 9.32

7_]LT 2RCOH_ (0DO) SO-hA 273 12,0E 371 I6,OZ 1&*02
|O0_ 334 _2.0E 6_ + 262 11.62 311 13.42 12.5I
15-? 168 14.22 TOTAL 2267 • 231_
$7-I0 259 24,82 MEDIAN(AG_) 25.2 27.9 26,4
110-15 225 21.62
|15-2J 70 6.72 HOME VALUE (ODD) OCDUPATIDK
125-S0 & O,AS $O-10 198 A&,gX MCR/PMOF 209 13.92
|_O + 4 ..0,4I S10-15 208 47.26 " SALES 56 3,72

i _OTAL ]'O&6 $15-20 34 7,?E CLERICAL 250 16.6I
$20-25 0 0,02 CRAFT 199 13.22

,i AVSXAGE $ 8082 $25-15 ' I 0,22 OPEATIVS 404 26.82

I MEDIAN $ 7465 $35-S0 0 0.0: LABOREK B$ 1.62
q _ $50 + 0 0*DE FARM | 0,|2TOTAL 441 SERVICE 27_ 16.5_

tENT FR1VAT£ 27 1.e2
• |0-100 78S S0,92 AVERAGE $10524

|100-150 . 142 16,62 MEDIAN $10529
1150-lOO 19 2,02 2 OWNER 51,| EDUCATION ADULTS ) 2 S
S200-250 6 0.42 O-O 61g 26.42
$230 _ 1 O,IX - 9-11 653 29,02
_DTAL 576 AUTOMOBZLE$ 12 627 27,9_

NOH£ 532 1].72 11-15 72 3.21
AY_RAGE $ 75 ONE 760 k8.22 16 + 14 3,A_
MSDIAN S 62 TMO 2SO Z4.6Z

I£NTE_ 6_,9 THKEE+ 55 5*56
HDUSEI¢OLD PARAMETEKS

- . • " • FAll POP 571k _l*0_
_N|TS X_ ETNUCTUR£ _OUS_HOLD$ WZTNz ' INDIV|D$ 6_6 • 15.92
| DO2 32.0[ TV 12E5 86,_'r_. CAP QTN$ 2_4 5.1_

_2_ 17.$2 MASHEE |0_1 6t,0"_. .TOT POP 4594
]-_ 114 7.t_ DRYER &S& 25,b$
_-9 $1 $,12 D|SHWSM 56 3..5_ MO OF Mills 1586
IO*A_ 20_ 12,52 AI#COHD 1&4 9,12 NO OF FAMIS 109D
_0 _ _I 4.12 FRZF:ZER 249 15*TE AVE KM SIZ£ 1.7
_OSIL2 0 O*OZ 2 MUMS$ _9 5*12 AVG FAH SIRE 5*6

CACS,INC

Figure 4. DEMOGRAPHIC PROFILE REPORT OF MILL STREET

YARE AKRON OHIO
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2.9 Railyard Activity Data '

In general two'sources • of data are requ.ired to determine

the activity rates and traffic parameters for the railyard

noise sources. " The pr'incipal activity data" for individual sampl&

railyards are obtainedlfrom the rssspective railroad companies

via a survey questionnaire. However, the survey questionnaire

and the rail carrier response do net',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 provided

by a DOT/FRA study.

The average activity rates in terms of low, medium and

high traffic categories for htu_p and flat classification type

yards as determined by DOT/FRA are listed in Tables ll

and 12, respectively, The average data for the

industrial and small industrial type yards are listed in -

Tables 13 and i4. In general, when required,

the range of traffic rate values for the low, medium and high

traffic categories are used to judge which category a sample

• classification yard should be placed. These key traffic'rate

ranges for classification 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

category the yard belongs. The estimated ranges of areas for

the three categories are listed in Table 15. The
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_m_ "ABL'--ii

"" Average Activity Rates for Hump Classification Yards

' ' " , TraEflc Race Category •

, ,' , t. . '

t
l ' . e 0 u l'ie d IU _ " _ g h

Actlvlty.'Paramc_ec. ': , • (<10O0), (lOO0 to 2000)* (>2000 `°

'No. of Classlflcaclon Tracks 26 | 43 57]

Receiving Tracks ' II tl • 13

Departure Tracks 9 12 14

Standing CapaclCy of Classification Yard 1447 1519 2443

Standing Capicicy of Receiving Yard 9F7 lilt 1545

"i Standing Capacity of Departure Yard . 862 " 969 159:

Cars Classlfied Per Day 689 1468 2386]

Local Cars Dispatched Per Day 86 250 315

Industrial Cars Dispatched Per Day 74 86 ..0

Road-Haul Cars Dispatched Per Day 632 lOSO " 2297

..... Cars Reclasslfle_Per Day 94 19S 275

Cars _elghed Per Day 74 .., _2 l&9

Cars Hepalred Per Day 3_ 43 153

Trailers & Containers Loaded or

Unloade.d Per Day 36 30 39

Averase Time _n Yard .(Hours_) 2[ 22 22

Inbou.d RoadTHaul T'ralns Per Day ' 8 l& 27

.8 14
Outbound Road-Haul Trains Per Day _.

Local Trains Dispatched Per Day 2 3 5

Hump Engine Work Shi_Cs Per Day 3 5 6

:Iakeup Eng_e Work Shifts Per Day 3 6 II

• Industrial Engine Work Shifts Per D_y 2 2 lO

Roustabout Engine Work Shlfcs Per Day 2 l 4

•Range of number of rail cars classified per day

[] Data used for noise exposure model
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_I_ ._3LC 12

Average• Facility. Hates for Flat Classification Yards

+,Traffic Rate Category •

Activity Parameter _ Low Medium .. High
(<5OO), (500 to I000]" {>I000_"

[No, of Classification Tracks 14 20 25]
.,

Standing Capacity Of Classification Yard 643 983 11_5

[Cars Classified Per Day 288 " 711 1344]

Local Cars Dispa=ched Per Day 72 93 182

Industrial Cars Dispatched Per Day 47 69 121

Road-Haul Cars Dispatched Per Day 218 472 962

Cars Reclasslfled Per Day 60 19b 345

Cars Neighed Per Day 14 21 I_

Cars Repaired Per Day l] 28 31 .

f-_ Trailers & Containers Loaded or
Unloaded Per Day 22 _ 76

Average Tire In Yard (Hours) 19 19 l_ '

Inbound Road-Haul Trains Per Day 3 6 [0

Outbound Road-Haul Trains Per Day 3 7 II

Local Trains Dispatched Per Day 2 3 2

Industrial Engine Work Shifts Per Day 2 3 . 4

Roustabou_ Engine |_ork Shifts Per Day " 0 1 2

Swltch Englne Uork Shifts Per Day _& 7 10

•Range of number of rail oars classified per day

[] Data used for noise exposure model
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Table13

Average Activity 'Rates for Flat Industrial Yards

Yard

Yard Acttvl_y Descriptors . Activity
,. "" Level

Inbound Road-Haul Trains Per Day l

Outbound Road-liaul Trains Per Day 1
LocalTralns Dispatched Per Day !

Cars Switched Per Day 140
Switch Englne._#erk-Shlfts Per Day 3

i

Table 14 ;

Ave:age Activity RaGes for Small IndustriaSl Flat Yards

Yard

_-_ Yard ActivlCy Descriptors Activity
' Level

Inbound Loc._l Trdins Per Day I
Outbound Local Trains Per Day I

•Cars Swltched per Day 30
Switch Engine Work-Shlfts Per Day l

.•'.

.,• •, °

._ , •_



TABLE 15

RANGE OF TRAFFIC RATE PARAMETERS

FOR CLASSIFICATION YARDS* .

IIump Flat

LOW Med _ Low Med High

• Railcars Classified Per Day <i000 i000 >2000 <500 500 >i000
to to

2000 i000

• Total Switch Engine Shifts
Per Day < 12 12 > 22 < 8 8 •> 13

to to
22 13

s Total Inbound and outbound < 24 24 >44 <12 12 >12

Trains Per Day to to
44 20

• Area** of Classification yard < 2 2 >4 <i 1 >2 '
(millions of sg. ft.) to to

# 4 2

• N_mbsr of trains per day
Inbound 8 14 27 3 6 i0 .
Outbound (road) 8 14 ' 25 3 ? ii
Outbound (local) "2 13 5 2 3 2

• 'Make-up switcher shifts/day 3 6 ii - .-
Industrial switchar shifts/day 4 3 14 2 3 4

' Othdr switohsr shAfts/day 2 1 4 0 1 2

_*FRA data . '

•.*Area - dsg x Weq; where'deq _ 2 X NC X dc/Nt; and .'
• weq _ Ntx dr. No a No. cars/day, dc _ car length (65 ft.),

Nt - No. of clsssif, tracks and dt = dist. between tracks (15 ft).

• i



derivation of Ille area estimates is given at the bottom of

Table 15. T]_*J_,when the key activity parameters are not

. pr0vided, a mar' of the railyard can be used to compute the

classificatiosl zar d area by multiplying its length _ (from the

master retarded end to the inert retarder end)iby its width "

(Quter track ul, one side to the outer track on the opposite

side). Then,' I'Y comparing the _resulting area to the area

ranges shown ],L Table 15, a 'judgment Can be made regarding the

traffic rate category for the yard.

Examples ,'_ activity suryey response data for a hump and

a flat classi[Ication yard are shown in Tables 16 and 17,

respectlvely. The first part (a) of each table gives monthly

and daily tra[P Ic data", while the second part (b) indicates

activit9 rates by shift (i,2, and 3) for a typical peak

activity day.
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Table 16 (a) Example of Hump Classification Yard Activity
Survey Response From Rail Carrier

: For the following questions, please provide your estC_ate for the

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

day.

Typical :
Peak He. Typica]

Avg.+ in Recent Peak
Month Past Day

a. est.No. of trains and transfer

runs arriving/departing (exclude
through trains)

I. Trains 1175 1300 46
2. Transfer 62 70 2

b. es_.No, of through trains 480 540 22

¢. es_.Switch-engine tricks worked
by:

I. Switch engines 50'7 544 18
.. "Z. Road switchers 31 31 1

3. Road power tempor-
arily assigned to
switcher service. .'

d. es_.No, of cars handled (single 69,500 76,500 3000
coont}* .

e. es_.No, of cuts handled. 3565 3900 130

.f. es_.No, of mechanical reefers ' __
spotted "

g. es_.NO, of mechanical refrigerator "'
trailers and/or containers spotted

Additional or quali fylng co_nents l_e-Trip mechanical refrigerators on

the rip track _ days a week, averging 30 to 75 c_rs a day, depending ca

the s_sca of the year.

+Number of days yard is worked in average month 30 ""

'_ *What percent of your total handling capacity is represented bY the peak day

75_figu_! .
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'laDle 16 tbl Hump >_ard E:.:anple _$

For the meek day, please provide your es:C_c.e of the following
infonn.aClonfor those items that apply to this yard.

. First Trick" Second Trick Third Trick

First ( Second First I Second First Second

4 h_ I 4 hrs. 4 hrs J 4 hrs. 4 hrs. 4 hrs.

a. No. of trains and transfer

runs arriving/departing.

1. Trains '-' 12 9 15 15 8 15
2. Transfer runs 0 0 0 " I I 0
• + .

b. o % ti_ of switch engine I00_ I00_ 100% 100% 100% I00_tricks worked in yard•

o % time of Switch engine
tricks worked at industry.

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

o No. of road engines
parked Idle in yard ....

• No. of switch engines
• workiog.
o No. or road engines working 6 .., 6 6 6 6 6

o. No. of cars handled, single

count.' 500 500 500 500 500 500

d. No. of cuts handled. 25 21 20 20 22 22
e. No. of _echanical refri_er-

r_ ator trailers and containers
.... set out.

f. No. of _chanica] reefers
set out." --"

g. NoL of cars delivered to

bulk facility.. ___

h. No. of cars delivered to

TOFCICOFC facility. ---

I. £stlmated nusnbenof road

trucks arriving at )his

yard {not hostler truoks). _.

J. Ro. of cars hauled through
Inert retarders. 300 270 250 250 280 280

k. No. of engines load tested' 0 1 0 0 0 O"
at each test cell.

CO E.TS .

" Please specify'hour of the day for start of first trick (for example -

7AM, 8:lSAM) 9as - 8am "-

r,'e ._c=_=n_ae =/,.=_ responeee :_szr=fore, =_ZZ "e es_._.'nct._= _csed on uou.I.
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"'L

Table 17 (a) Example of Flat Classification Yard Activity
Survey Response From Rail Carrier

For the followingquestions,pleaseprovideyour es_e for the

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

day.

Typical
PeakMo. Typical

: : Avg.+ in Recent Peak
Month Past Day

a. est,No,of trainsand transfer
runsarriving/departing(exclude
through trains)

i. Trains 1320 1440 ' 48
2. Transfer 390 440 15

b. es_.No,of throughtrains 360 365 13
#

c. eat.Switch-enginetricksworked
by:

i. Switchengines 900 930 35
2. Road switchers 0 0 0
3. Road power tempor- 0 0 0

.'-'] arily assignedto
.... switcherservice.

d. est.No. of cars handled(single 120,000 [35,000 4200
count)*

e. es_.No; of cuts handled. 6000 6510 210

f. eel.No,of mechanicalreefers
spotted .

g. e_t,No. of mechanicalrefrigerator 4500 T. 5000T • 250 T
trailersand/orcontainersspotted 1500 C'" 2000C 125 C

Additionalor qualifyingcomments

+Numberof days yard is workedin averagemonth 31

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

figure) I00%
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Table ±, (b) F!at Classification Yard E:,:a_ple T_':

Par the ceak day, please orovide your es._z¢:a of the following
infor_,,atlonfor those items that apply to this yard.

_4 First Trick" Second Trick Third Trick
• First Second First Second First Seccnd

4 hrs 4 hrs. 4 hrs. 4 hrs. 4 hrs. 4 hrs.

a. NO. of trains and transfer

runs arrivlng/departing.

X_.Trains. 8 4 7 8 10 7

2. Transfer r_ns 2 4. 3 I' 2l 1 3

b. o % time of switch engine
tricks worked in yard. 100% 100% I00% 100% 97% 97%

o % time of switch engine
tricks worked at industry. 0 0 0 " 0 3% 3%

O NO. of switch engines 3 2 3 2 3 3
parked idle in yard.

O NO. of road engines 3 0 2 4 6 3
parked idle in yard..

o no. of switch engines 12 12 13 13 10 10
4orki g.

. "0 NO. O_ road engines workin O _ 0 0 O 0 0
C. No. of cars handled, single

count.' 750 650 700 900 700 500

d. NO. of cuts handled. 50 30 45 25 35 25

e. NO. of mechanical refriger-
ator trailers and containers 0 O O 0 0 0

"_-". set out.

f. NO. ofmechanical reefers 0 O 0 0 0 • O
set out.

g. No. ofcars delivered to ' 0 0 0 0 0 0
bulk facility.

h. No. of cars delivered to 70% 10% • 7% 7% 3% 3%
TOFC/COFC facility.

i. Estimatednumber of road 0 O 0 0 0 0
trucks arriving at this

" _ard (not hostler trucks). _

_. No_ of cars hauled through
inert retarde_. 0 O O 0 0 0

k. No. of engines load tested 1 0 0 0 O 0
at each test cell. '

COi_WENTS ....•

• Please specify hour of the day for star= of first trick (for example -

1AM, B:ISAN) 7;0Q a.mr

_=eme

_e T=o_n4z= tl_= responses :_eTefoTe, _ZZ _e esCheat.e= 5csed on _cum
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• It is assumed that the, number of load tests per day

is equal to the number of locomotives tested per day

at "each cell" (as reported on the survey) times the

number of ioad test cells • reported_

• The number of idling locomotives is determined from

the peak day distribution given in the survey return.

a It is assumed that the number of refrigerator cars

"spotted" means the number operating in"the yard during'

a 24 hour period.

• The number of inbound and outbound trains of @ach

type (road-haul vs. local) is determined by ratioing

the activity survey return data according to the yard

type average values previously given by DOT (per

Tables ii and 12. ,,

• The number of cuts moved by, the make-up industrial

switchers in hump yards is determined by ratiolng

the total number of cuts/day listed in the survey returns

_h by the average numbers of switcher shifts per day given

by DOT (see Tables II and 12).,Q

For hump yards with two separate hump classif'ication 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

classified, one-half the total cuts, etc. _-

/-h
I
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2.10 Numbers of Railyards

The numbers of railyards in the U.S. by functional type as previously

determined for the DQT/FRA are given in Table ..

Table 18. "Railyard Numbers and Distribution by types .and T_affic Rate
Category ,

Traffic Rate Category"
YardType

Low Medium High . Total

HumpClassification 46 47 31 124

_at Classification 571. 357 185 1113

Industrial - 1381

SmallIndustrial _- 1551,

4169

Based on more recent survey data, a revised estimated of the numbers

t-,. of railyardsin the U.S. is shown in Table •

Table 19. Estimated Numbers of Active Railyards in the U.S.

Traffic Rate

• Yard Type Low ' Medium High Total

Classification'" 44' 51 29 124Hump

_at Ciass'iflca'tion'." 476" 346 '_3D 952

Industrial 838

SmallIndustrial - '1-719"-

3693
• .i



'3.'0 Derivation of Input Data '

3.1 Introduction

The input information required for the railyard noise

exposure or impact model consists generally 'of fixed and vari-

able data. The fixed input data are constants associated with • "

. type of noise source and each type of yard. The variable input

data are dimension and activity rate values associated with each'

"individual sample railyard. The required 'fixed and variable

input parameters and the respective data sources have been

described in Section 2.9 (see Tables 4 through i0).

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: receiving, classi-

fication and departure. In general, specific activities and

functions are performed in each component yard and thus, the

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

"ponent yards. These noise source distributions within the com-

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. However, the other flat yards do
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not perfo_n all of the functions performed in the classification

yards and the noise source types and operation areas are distri-

buted differently. Discussions with rail industry personnel

indic&ted that, in general, switch engihes operate at each end

of the yard_ and the other sources are located inside the main

yard area. The general noise source location areas for industrial

and small industrial flat yards are indicated in Table 21.

The noise source and receiving property locations for

specific yards are determined as discussed briefly in sub-

section 1.2 and in more detail below in section 3.2.

The noise generation equations (or models) developed for

each type of rail yard noise source are given in section

3.1. The noise generation equations are developed in terms of

Ldn for each type of source. The Ldn value for each yard source

is computed using the empirical data base on railyard source

noise levels, and from the yard activity survey data.

6.
.. °
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Table 20

?%
CLASSIFICATION YARD NOISE SOLACE GROUPINGS AND DISTR_BL_ION BY

CD_DCNE_'T.y_-RDTYPE*

ReceivingYard ClassificationYard DepartureYard

..... Makeup
H_p Retarders (Master Switchers

Switchers and Group)

Source Source TOFC/COFC S_urce.. Industrial
Ixx=ation(a) 5Dcation {b) Imcatio_ (d) Switchers
Area Inbound Area Idling ioL_i_,tires Area

Trains lmad Tests Outbound

Car Impacts Trains

'_dFC/COFC
Source Inert Retarders

lz_caticn(c] Refrigeration Cars
Area Car Lmpacts

*Except for retarders, source oparations and distribution are similar for
classificati_ flat yards.

i

J

__...... . .. ._._:.- ..... ..
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Table21
INDUSTRIAL AND SMALL INDUSTRIAL FLAT yARD NOISE SOURCE GROUP_SGS

-'. .

Industrial', Small Industrfal

Noise Noise
Source Source

Area (a) inbound Trains Area (a) Inbound Trains
Switch Engines Switch Engines

Area (b) Car Impacts Area (b) " Car Impacts
Outbound Trains Outbound Trains

64
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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

iand use analysis overlays at each sample raiiyard for each of"

the land use segments designated residestiel or c'ommercial.

The required dimensional data-length, Width, distance from

receiving property to railyard boundary (DB), and distance from

source to receiving area (DN), are listed in the variable input

data as shown in Table i0.

The length of the receivingproperty generally parallels

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 t.he

boundary of the receiving property nearest the railyard to the

far side of the area. The term DB is the distance from the near

side of the receiving property back to the railyard boundary,

and is used to determine the "distance f_m noise barrier wall"

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

" "" The nolss receiving area is always assumed to begin at "._ 50 ft.

"beyond the noise wall position.

A diagram for an example hump yard configuration, with

sourcs locations and surrounding land use patterns, is shown in

Figure 5. In this typically complex configuration, there

_-_ is one hump area, but two receiving and two departure areas.

Stationar_ source locations are determined from the USGS map
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i
Figure 5. Example of Complex Railyard Configuration -

High Volume Hump Yard, Flat Rock Yard,
Detroit, M_

CACI Study Area
Population assumed located

only in residential and/or
commercial land use

_" _PIC Study Area
tr

t I, A, & U Land Use ,

i@" "I Rail Yard _

_LC) OLr-
\ t

"_"_ I, A, & U Land Use _. _

"_.. ,_NO data to locate RC and

I, A, & U: Industrial, Agricultural, and Undeveloped
MRI Master/Group Retarders LT: Load Test Cell IL: Idling Locomotives
HS: Hump Switcher IB: Inbound Trains CI: Car Coupling Impact
IRI Inert Retarder OBz Outbound Trains IS:' Industrial and other
MS| Make Up Switcher RC: Refrigerator Care Switchers

i
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of the rai!yard area, from yard configuration analyses conducted

by EPIC, and from railyard drawings attached to the activity sur-

vey returned by the rail carrier. The moving sourc e iocations or

operation patterns are estimated by their function relative to the

yard areas." Thus, the hump switcher operates at the master re-

tarder end of the classification area, while the make-up switcher

" is ass_ed to operate out of the inert retarder end of the

classification area. In-bound and out-bound trains are assumed to

...... operate in the receiving and departure yards, respectively. --

However, the location of operation of the "industrial and other

switchers is not defined by the available information, and arbi-

trary assumptions for the location are required. A practical

z_A 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 (R1, to R4) are irregular in {hape, it is assumed

that on the average the areas are parallel to the moving sources,

and that DN and DB for both 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

InboundOutbound Road-Haul and Local Train Operations

Based on average train lengths and power requirements,

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-boun_ trains

were ass_ned to have one locomotive (NL = i). Train opera-

tions are assumed to take place within the receiving and

departure yard components at a spee d of approximately 5 MPH.

The number of pass-bys (NP), nt_mber of virtual sources (NV)',

number Of events per source or train (NES), and event pro-

bability (EP) are all equal to a value of one. For each

sample yard the arrivals and departures are assumed to be

f_ uniformly distributed over the daytime and nighttime shifts

and were divided between the shifts (NED and NEN) according

to the corresponding activity survey data. The number of

each type of train was obtained by ratioing the total num-

ber in- and out-bound trains with the average inbound, out-

bound, and local trains for low, medium, or high activity

category yards {per Table ll).

Hump 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 sa_iple 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 required by
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each hump operation, one to get into position to push the

cut of cars and another to perform the push. All other

fixed activity parameters (NL, NV, etc.) are equal to one.

The distribution of number of cuts during daytime and night-

time INED and NEN respectively) is determined from the shift

data given by the activity survey for each sample yard.

Retlrders-Master, Group, Intermediate and Track

The master, group intermediate and track retarders are

• modeled as a grouped point source located at the goemetric

center o_" the'retarders. The Ldn resulting from cars

passing through the retarders is determined from the nttmber

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,

C_ and that retarder squeal occurs approximately 50 percent of

the time. Therefore, the number of noise events per source

(NES) is 2, but the event probability (EP) for each retar-

der stage is i/2. The values of the other activity para-

meters (NP, NL, and NV) is one. However, since the retarder

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 _ay and night shift

data, as given by the activity survey data.

Inert Retarders

_nart retarders are modeled as a grouped point source

located at the geometric center of the retarders. It is

- " assumed that each ear leaving the classification yard passes

one retarder (NES = I) and that approximately 85 percent

,-i'" ":" produce a noise event (EP = 0.85). However, the number of
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events (NED, NEN) for each Sample yard was assumed equal to

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 twogroups 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) per day

(EP = 0.5), and that the impact noise events (NED, NEN) are

distributed during day and night periods according to the

survey data.

Makeup, Industrial and Other Switch Engine Operations

/-%
,.J

Makeup, industrial and other switch engine operations

are modeled as moving point sources which operate in the

receiving or departure component of the hump yard 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. T_e make up and indus-

trial switcher cuts are ratioed according" to the corres-

ponding work shifts indicated in Table ii. The day and

night period events (NED, NEN) is determined from the total

n_nber of cuts, and the cuts per shift data given in each

activity survey return. The total n_nber 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, t0 i.
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Idlin 9 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 receiving

areas are such that the sources appear to be concentrated or

superimposed. The variable activity parameter values

required (NH1, NUI, etc.) were obtained for each shift from

the activity survey data (peak day) for each sample yard.

Locomotive Engine Load Tests

Locomotive load tests are located 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 6-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

periods indicated per shift by the activity survey data.

3.3.2 Flat Classification Yards

InboundOutbound Road-Haul and Local Train Operations

As previously discussed, it is assumed that local and

road-haul trains enterlngand 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 approximately four miles per hour. The

rationale used in determining the operational 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 data for each sample railyard is divided

betwee_ the classification switcher and the other switchers.

Switch engine operations are modeled as two separate

f-h. yard sources (NV = 2), one at each end of the yard complex.

It is assumedthat the switch engine operations are equally

distributed between the two locations.

Car Impac£s

Car impacts are modeled as four groups of stationary

sources (NV = 4) located near either end of the classifi-
i.

cation area. It is assumed that the total number of car im-

pacts is equal 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 testing

is performed for One 6-hour test and 4 and 2 hours of oper-

"ation occu_ing during the daytime and nighttime periods,

respectively, unless indicated otherwise, by the survey data.

(See discussion under hump yards). .

3.3.3 Industrial Yards

InboundOutbound Road-Haul and Local Train Operations

The activity parameters 'and assumptions are the same

as discussed above-for hump and flat classification yards.

The distribution of number of road-haul and local train

operatlons for the..,flat industrial yards is shown in Table
_'_...... . It is assumed that all train arrivals and departures

are uniformly distributed over the daytime and nighttime

periods, unless 'indicated otherwise by the peak day shift

data in the activity survey returns.

Switch En@ine Operations

Switch engine operations are modeled as moving'sources
2.

that 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 simultaneously.

Car Im?acts

r'_'h Car impacts are modeled as two groups of stationary

sources located at each end of the yard complex (_ = 2).
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It is assumed that the total number of ear impacts is equal

to one-half the number of cars switched per day (EP = 0.5).

3.3.4 Small Industrial Yards

Inbound/Outbound Road-Haul Train Operations

It is assumed that local trains entering or leaving the

yard complex are powered by one engine• Train operations are

assumed to travel to length of the yard, and a_riv_is and

departures are distributed over the daytime and nighttime

periods according to the activity survey data for each sample

yard. The distribution between inbound and outbound trains

was asstu_ed equal to that shown in Table 14.

Switch Engine Oper@tions

Switch engine operations are assumed to travel the

length of the yard. The rationale used in determinina the

operational parameterskis the sable 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 simultaneously.

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 OaT impacts is equal 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.
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It is assumed that two trailers are unloaded and loaded on

each flat rail car.

Crane llft - 4 work 'cycles per flat ear

Hostler truck - 2 work cycles per flat car

The number of flat cars worked per day and night

periods (NED, NEN) are assumed equal to the peak day shift

data given by the activity survey data for each sample

railyard.

l
I
I
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4.0 Use of the Model and Results

4.1 Introduction

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

,'_j height and cost of local barriers. In addition, for the

baseline case, the LWP and PE values i_ successive 3dB

intervals are computed for each and summed to obtain yard

totals and can he 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 railyard or a number of sample yards

- either of the same type or a mix of different types. The

program computes noise levels, LWP and PE values, and

benefit and cost values on an area-by-area basis for each

railyard, and these sums the results providing the total

values for the railyard. A summation is also conducted to

obtain the totals for the sample yards in each railyard

category, and then the grand totals across all types of

railyards.

.k
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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 Sample 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 caa 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

f-_ yards combined are obtained manually).
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o Sample and projected total PE and ENI values in
successive 3dB increments (55 to 58, 58 to 61,
etc., 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-

ilion 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:

Foreachrailyard:

o Yard name, location (city and state) and type

J o Local average population density, fraction of
land _n residential and commercial usage, effective
residential population density, and background
noise level

o Number of residential and commercial areas

included in analysis.

For each receiving property:

o Area I.D. number, length and width

o Distance from moving sources to area, distance
from fixed sources to area

o Number of moving fixed sources impacting the area

o Industrial and residential building insertion
loss factors.
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Baseline Case

o Each source - Ldn, Leg(1)max, and Lma x at DN

o Composite Ldn (all sources plus background) at DN

o Total ENI and PE

o ENI and PE in each 3 db interval (55 to 82dB)

o The wall height and cost for the local barrier
(if any)

,O
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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 available 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 yards is

3560.

The #IC column indicates that 1 out of the 1 sample

yards are in compliance without the use of local noise

barriers.

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

levels at all of the yards to the Ldn = 65dB limit, the

projected benefit (DENI) and cost for the total yard population

are, respectively, 13800 and $15.5 mil3ion. 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

Table 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 Ldn = 65dB limit without using railyard boundary walls.

The cost for bringing all yards into compliance at the
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S_l 66*7 63*9 91.6 ......
0_2 S_,! S2*J N6.O

LEVEL PE ERI DES! COST WALL
a

70*2 1,_SCtOS 2+30E40_ 0_0 0,0 0

TOTALS FOR YARD

DD _ANIIS FOR _ASELZHE

_5-_0 Sfl-61 61-64 64-67 67-70 70-73 73-76 76-79 79-02 >fl_

PE O*91E_03 2.97EI03 1.39Ef03 5.36Ef02 4.26EI0! 0.0 0,0 O*O O.O O*O
_S| 6*|_E]O_ 71_Og _*lO_lO_ _.74_102 _,7_EIOt S_O 0,0 OtO 0,0 0_0

LEVEL PE ERI DENI COST HA IC

_L 1,SOCKS4 2.16Et03 0,0 0,0 11

79 I,SBE_O4 2.16Et03 0,0 0,0 II 1
99 1.30EF04 2.16E_03 0.0 0,0 11 1
99 1,3SE_04 2,16E_03 0,0 0,0 11 1
99 I_SBC_04 2.|6E_03 0,0 0,0 JJ 1

99 l,SOEt04 2._6Et03 0.0 0,0 11 |
MW 1,3SE404 S*16C103 0,0 0,0 11

QRANP TOTAL FOR &LL YARDS

SAHPLE PROJECTED

8 YD F'E CNX I=EN! CSST | Y_ PE EN| DENX COST # ]C

LOS SOL IIUMP

_} UL 5,97S_03 5,2_C_02 0°0 S,O 44 _,6_EIO_ _*30Et04 0,0 0.0
99 5.97E_03 S,22E_02 0*0 0°0 44 2,63_10_ 2,30E_04 0,0 0,0 1
99 _°97E_03 _*_2£÷02 0,0 0,0 44 2.63E_0_ 2,30E_04 0,0 0,0 0
99 5,97E_03 5,22E_02 _0 0,0 44 2,63E_0_ 2.30Et04 0,0 0,0 0

99 5,97_t03 5,22C_02 0°0 0,0 • 44 2.63E_0_ 2,30El04 O,O 0o0 0
99 S*_TE_OS D_22E÷O_ 0o0 0.0 44 S*63EtOS S,30E_04 0,0 0.0 0
HW S*97E_03 _,2_EtO_ 0*0 0.0 44 2.63E}0_ 2,30E_04 0,0 0.0

MEDIUM VOL HUflP

UL 0 S,O 0,0 0,0 0.0 _1 0.0 0.0 0.0 0,0
99 0 0.0 0_0 0,0 0,0 _! 0,0 0,0 0,0 0,0 0
99 0 0,0 0,0 0°0 0.0 _1 0°0 0,0 0,0 0,0 0
99 0 0,0 0,0 0°0 0°0 _1 0,0 0,0 0,0 0,0 0
99 0 0°0 0,0 0°0 0,0 _I 0,0 0,0 0°0 0,0 0
99' 0 0.0 0,0 0°0 0,0 _! 0°0 0,0 O°O 0.0 0
MW 0 0,0 0.0 0,0 0,0 _! 0,0 0,0 0,0 0,0

HIStl VSL HUMP

_L 1 1,3gE_04 2,16CFD3 O,O 0,0 29 3,99E10_ 6,2SCt04 0,0 0,0
99 1 1°3_S_04 _.16Et03 0,0 0,0 _9 3,99S_0_ 6,2_E_04 0,0 0,0 1
99 ! 1,3SE÷04 2,16_03 0,0 0.0 _9 3,99E_0_ 6,2_E_04 O,O 0,0 0
99 1 1,_[IC_04 2*16EfOS 0,0 0,0 _9 3,99_10_ 6_2_C_04 0,0 0,0 0
99 J h30St04 2,16EROS 0,0 0,0 _9 3,99_f0_ 6.2S_04 0,0 0,0 0
99 I J°SSEt04 2,16E÷03 0.0 0,0 29 3,97Et05 6,2_E_04 0.0 O,O 0
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99 0 O.0 0*O O,0 O.0 9_2 0.u O*o O.o O,O 0
H_ 0 O*0 O*O O_0 O,0 952 O*0 O*0 0.o O.0

|)D lqANrlS FQA [4ASEL_N_
J

55-5fl SQ-Ai 61-64 64-67 &7-70 70-73 73-76 76-79 79-D2 >02

LQW UOL HUNP

EAMFLE
PE 4.94E_03 9°66Et02 5*EOEfOi 0.0 0.0 0.0 O.O 0,0 0,0 0.0
EN! 2.96E102 2,07E_02 I*D2E÷OI O,O 0,0 0,0 0,0 0.0 0,0 0.0
P_OJECTED
PE 2*1OE_O5 4.2_Ef04 2.46E÷O3 O*O 0.O O.O O.O O.0 0.0 O*0
EN! 1.30Ef04 9.12Et03 B*O2E_02 0.0 0,0 O,O 0.0 0,0 0.0 0,0

HE_JlUH VDL HUMP

SAMPLE
PE 0,0 O*O 0*0 0,0 0,0 0.0 0*0 0.0 0.0 O*O
EH] 0.0 0.0 0,0 0.0 0.0 O*O 0,0 0.0 0.0 0°0
PROJEC1ED
PE O,O 0*0 0,0 0.0 0.0 0.0 0.0 0,0 0.0 0.0
ENZ O*O 0.O O*0 O*O O.O O_O O*O O.O O,0 O,0

IIIGII UDL IIUMP

5AMPLE
PE B°9[Et03 2,97E_03 |,39E÷03 5,36Ef02 4,26E_01 O*O 0.0 0.0 0.0 0.0
ENI 6.15EJ02 7,25E÷02 5*IDE_02 2,7JE÷02 2.75Et01 0,0 0.0 0*0 0,0 0.0
PROJECTED

PE _,EBE_05 B*6OE_04 4,02Et04 J,55Ef04 1.24E_03 O+O 0,0 0.0 0,0 O.OEH] 1.78E_04 _.10E104 1*50E#04 7,D5£_03 7,9gE_02 0.0 0,0 0.0 0.0 0°0

LOW VOL PLAT

5AEPLE
PE 0.0 0*0 O,O 0,0 O*O 0.0 0*0 0,0 0,0 0.0
EHI O.O O,O O*O O*O 0,0 0,0 O*O 0°0 0.0 0.0
PROJECTED •
PE O.O O°O 0,0 0,0 0.0 O_O 0.0 0,0 0*0 0*0
ENI 0*0 O,O O*O 0,0 O*O 0,0 0*0 O*O 0.0 O*O

MEDIUM UDL FLAT

5AP_PLE
PE O.O 0°0 0,0 0,0 0.0 0,0 0.0 0,0 0,0 0.0
EH] 0*0 O,O O*O 0.0 0,0 0°0 0,0 0,0 O*O 0.0
PRDJECIED
P£ 0*0 0*0 O*O O,O 0,0 0,0 0,0 0.0 O*O 0.0
EN1 O*O 0,0 0*0 0*0 0.0 0.0 0,0 0.0 0,0 0*0

IIIOH VQL FLAT

5htlPLE
PE O*O 0,0 0*0 0,0 0.0 0.0 0.0 0.0 0.0 0.0
Etl] O*O O*O O*O 0.0 0,0 0.0 0.0 0,0 0,0 0*0
F'RDJECIE[_
PE 0,0 O*O O*O 0.0 0.0 0.0 0.0 0.0 0,0 0°0
EH% O,O 0.0 O*O 0.0 0.0 0.0 0,0 O*O 0.0 O*O

l DL*IJ51R_AL

i



£1;1 0_0 0.0 0,0 0,0 0,0 0.0 0,0 0_0 0.0 0.0
P_OJ£CTE[J

P_ 0.0 0,0 0_0 0*0 0.0 0,0 O,O 0.0 0_0 0,0
EN| 0.0 0.0 O.O 0.0 0.0 0.0 0.0 0.0 0.0 0_0

J
S_ALL ;N[tUS]R;_L

ShMF'LE

PE 0.0 0,0 0_0 0.0 0.0 0.0 0_0 0,0 0,0 0,0
Eli! 0.0 0.0 0.0 0.0 0.0 0,0 0.0 0.0 0.0 O*O
F'ROJ_CTE[t
PC 0,0 0.0 0,0 0.0 0.0 0,0 0.0 0,0 0,0 0.0
Eft| O+O 0_0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0_0

}lUmP Y_RDS--_LL UOLUME5

5hMF'LE

PE 1_37E_04 3.93E_03 1.44Ed03 5.36E÷02 4.26E401 0.0 0.0 0.0 0.0 0.0
_N! 9,11[÷02 9.33E_02 5,36E_02 2.21E_02 2.7_E_01 0.0 0+0 0,0 0.0 0,0
P_OJECTE_

PE B._gEfo_ 2_44Ef05 g.?4El04 3.32E104 2,64E_03 0.0 0.0 0.0 0,0 0.0
ENI 5.65E_04 _*TUEf04 3.32E_04 1.60£_04 1.71E403 0.0 0.0 0.0 0.0 0.0

FLRT YRR_5-'_LL VOLUMES

5hMPLE
PE 0,0 0.0 0,0 0.0 0,0 0.0 0.0 0.0 0.0 O*O
EHZ 0,0 0.0 0.0 0.0 0,0 0.0 0,0 0,0 0.0 0.0
F'RDJEC_
PE 0.0 OtO 0,0 0.0 0,0 0.0 0.0 0.0 0.0 0,0
EN_ 0.0 0_0 0.0 0.0 0.0 0.0 0.0 0.0 0,0 0.0

. i



_% 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 intervals for each type of yard, and the grand

totals for hump yards and all flat yards are listed for this

batch run in Table 23. Under hump yards - all volumes, the

data listed indicate that the projected total ENI in the Ldn =

. 73 to 76 dB range is 121 for all hump yards in the U.S. For

comparison in the 67 to 70 dB interval the projected "total 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 Level 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 sar_ple yard

is shown in Table 25. This sample railyard is the Airline

. yard in Milwaukee, Wisconsin, and is a type i, or low traffic

- volume hump classification yard.

The local average population density is 10,152 people

per square 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 Ldn

(BKGD_ 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 R1 to the

nearest side of R1 is 250 ft., and the distance (DB), from R1
M.

back to the railyard boundary is I00 ft. The analysis of the

railyard data indicated there is no attenuation of the noise

due to industrial buildings (DI = 0) in the lO0 ft. wide strip

between R1 and th_ yard boundary. The attenuation (or inser-

tion loss) due to residential buildings on R1 is estimated at

8 dB (OR = 8) as a result of the relatively high local average

population density (10152).
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._ucu _u tab c;_ucvcuu_¢ _Q¢¢y_L_ U_d ¢llCiUQ_d _ _evei ili UU_p_

A|FLIHkt PIL4_UKEEB WI Li:W VUL hUP!

_OP {'[_ USAGE [FF P{_ FKGO a A_F&5 J

101_2,0 0,43 236Cq,3 b_*l i 5;

ABEA LLhGlll WIDTH DB Ol OR DtJM : DNF _rS hfS

R| 1530. 8000. 100. O* B* 250* Q* 3 O

08 EAhD5 FOR BASELINE
i

P_ 1,4_*03 2*b7E*32 0.0 0,0 0.0 0,0 0.0 ¢*0 O*O C.G
Eh| ?*E_[*OI 5,27E*01 0.0 0.0 0.0 0,0 0,0 0.0 0.0 C*G

6L

|OU_C[ LOH LEQ LHAX

HS 6t,O 59*4 B5,9
IU 60.7 5_*t 93,_

DD] 60,7 _5,t 93.5

LEV|L PE IN[ DENI COSl bALL

67.| |.71E*03 |,32L.02 0.0 O,O O

6_

|OUEC| LDN LEq LRAX

115 5q*O 5_,4 UO*9

G_l _5.7 _bO*4 _0.5
T

LEViL PE EN| D_NI * COS! N_LL

_2.5 l*qSE*03 9*q3E*OI 3,_3E*0] 5._5E*0_ ?

60

SOUPCE LON LEQ L_A_

ItS _5.7 _l*l 77.0
]E 52*5 _7._ 6_.Z

L_¥EL PE ENI DEN| CUS[ k_LL

_,q 7.50E*02 3*3ZE*OI q,O_E*Ol I*_OE*O_ |6

SOURCE LD_ LEG LH_

H$ bl*/_ 47,_ 73,7
It 4fl*b 43._ Itl*_

CF| q_l*b q J*& P_"I • _ :i.



Table 25(b). Individual Railyard Data Included in Level Ill Output

Lk¥_L PE ON; OLPli CQS! WALL

_?.4 Z,|_£*02 J*6_E_O0 I*_AE*O? 2,bb_*O_ 30 J

ARES LfhGTO SLOT. 00 DI OR ON_ _hF t._S his
t

CI/R |000. _000. O* O. B. )00. 2bd* 2 1

OP BJ_DS FO_ OASELI_E

§_-SB SO-b1 bl*b4 6_.bl 67-70 10-73 73-T6 ?t*?9 . ?Q-02 .St2

PE _*SIL*OZ |*ZSE*32 1.5_*07 0.0 0.0 G.O 0.0 C*O 0.0 0.0
ENI 4.52E*01 2.84E*0| 4,b_E*03 0.0 0.0 O*O 8.0 0.0 0.8 O*0

BL

$OUPCE LD_ LEO LMAX i

[_ 65.0 59.6 97*8 ':
OU| 65,0 59.b g7*_
_R 65.0 57.9 03.0

L|VIL PE EHI DENI COST k*LL

70.2 7.76E.82 ?.SbEeO) 8.0 O.0 , 0

70

50U_(E LON LEG LHA_

I_ 65.0 59.6 97.8
OOl bS*O 59._ 97.0
N_ _O.b 52.1 77._

L[VEL PE SEN| DfNI COST _kLL
m

88oq _*TOE*O_ 8,09E*0| q*73E*O0 2.70E*04 5

b_

SOU_EE LOH LEO LMAX

18 bO*O 5_*b 92*8
00| 60.0 SS*b 92.8
M_ _0.5 SO*b 75.7

LEVEL PE ENJ ULH| , COST k_LL

_4.7 _*qbE*02 _*9ZE*01 Z*_E*O| 3*70E*Oq T

_0

SOURCE LDN LEO L_AX

if 5_,7 _9.3 07._
OOI 54.? _*_ B7.4
p_ _|,q 44.3 _9_0

L(V|_ PE [_l UINI C851 k_LL



There are 3 moving sources (N:IS =3) generating noise

received at R1 - hump switchers (HS), inbound trains (IB),

and outbound road-haul trains (eEl). There are no fixed

sources at this location (NFS = 0, and thus DNF = 0). For

the baseline (BL) case at R1 the noise exposures due to HS,

IB, and OBI are LDN = 64, 60.7, and 60.7, respectively. The

values for maximum Leq(1) (LEQ) and maximum noise level (L_IAX)

at R1 are also listed for each of the 3 sources. The total

or composite noise level at R1 (LEVEL), which includes a back-

ground level of Ldn = 54 dB (although BKGD = 62.1, {t is

assumed as explained previously that BKGD is reduced to 54 dB),

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

population exposed (PE) and level weighted population (LWP, or

ENI) are 1710 and 132, respectively.

Also listed for the baseline case are the PE and ENI

values in the successive 3 dB intervals (DB BANDS FOR BASELINE).

f-_ Note that for R1 the composite level (LEVEL) at DN is 67.1 dB.

However, the noise level is reduced by 8 dB (DR = 8) to 59.1 dB

as it begins to propagate over the area, and thus the largest

3 dB interval of Ldn in which there are PE and ENI values is

58 to 61 dB.

The source noise levels (LDN, LEQ, and LMAX), composite

level (LEVEL), and PE and ENI values er_also listed for each

alternative noise limit (65, 60, and 55 in the case of RI).

These values result from considering different height walls

at the yard boundary to reduce the railyard noise to the

alternative limits. The impact reduction (DENI), wall costs

(COST), and wall height in ft. (WALL) are also listed. For

the Ldn = 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

9O



each noise limit, and for the case (MW) where a maximum wall

height of 30 ft. is used.

The entire listing Of the above type0f data is then

repeated, for each of the remaining 4 areas (CI/R, R2, etc.)

The total of the data for all 5 areas is then listed as dis-

cussed in the previous section, 4.3 Level II output. " " "

4.

I .[/_
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