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0.0 PRELIMINARIES
0.1 Scope of These Manuals

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

Volume 1: 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 1like, It does not go into detail of how each computation
is done in the program, nor does it teach the user how to
run the model. It presupposes some familiarvity with the EPA
noise terminology, as is covered by the "EPA Levels" docu-
ment [1l]. fThe reader is advised to peruse the Railroad
Background document [2] for other terminology used without
explanation.

Volume 2; User Manual

This voiume presents a cockbock approach to the execu-
tion of the model, 7TIts intended audience is those who will
exercise the model, It assumes familiarity with volume 1,
i.e., the user knows the quantities he inputs, and he knows
the guantities printed out. For obvious reasons, the
explanations incorporated in volume 1 are not repeated,

While it does not presume expertise with the EPA IBM computer
system, it does assume the user can follow the instructions

-1-
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presented in this velume 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 present program
is bug-free, If an error occurs, the source most likely is
in the input data or the job card.,) Though the manual
presents a short description of relevant commands in the
appendix, the user i{s 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 1. No
attempt has been provided to educate the reader as to
what Ldn or LWP is. The intended audience is the programmer
who needs to maintain the program and make changes in the
ccde, A strong knowledge of standard IBM PORTRAN 1V lan-
guage is assumed.

The correct seguence of reading for a rank novice with
no knowledge whatscever of the EPA noise model methodology
is as followa:

1. EPA lLevels document - in which the terminology is
“ introduced.

2, Railroad Background document - which describes
what a railyard is, the noise sources inside,
ete,
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3. Volume 1 -~ what the model attempts to de.

4. Volume 2 - how to make the program grind out numbers.

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

Volumes 2 and 3 are not necessary for the person who
only wants to understand what RYNEM is about. Volume 2 is
not necessary for the person who only wants 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.

i References

: {1} Informaticn on Levels of Envirommental Noise Reguisite
: to Protect Public Health and Welfare with an Adequate

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

N March 1974,

[2] Background Document for Proposed Revision to Rail
Carrier Noise Emissions Regulation, 550/9-78-207,
U.5. EPA, Washington, D.C., February 1979,
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0.2 General Introduction teo the Model

The Railyard Noise Exposure Model (RYNEM) is a computer
program designed to gquantify the health/welfare impact due
to railyard-generated noise on the general population, 1In
this model, a railyard contains two causes of noise sources:
stationary and moving. Some examples of 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). Mowving sources
consist of switch engines (SE) and inbound (IB) and outhbound
(OB) trains. Each of these noise sources generates a noise
level which can be measured at the railyard boundary {property
line). Tegether, 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 EPA 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, RYNEM does the scaling in a slightly
diffarent way. RYNEM considers that the LWP for the naticnal
population of railyards form a distribution with mean u and
variance ¢2. When random samples are taken from this
distribuetion and their mean, ;, computed, the Weak Law of
Large Numbers implies that the sample mean approcaches the
true mean of the population when the sample size is large,
i.e., the sample mean u is a good approximation of the true
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mean p. If we scale up the sample mean LWP by the total
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” meodel,

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

The true variance of the population, a2, can bhe
approximated by the sample variance:
no {xi =~ )2
52 = S
i=] n-1

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

5 1id )
\\\\ Let xi w» f(u'U ) izl' « » a4 0
Then for
Xie . . .+ tXn
Z =
n
E(Z}) =
-
var(xi) a2
var(2) = T
n
Thus, the standard error of 2 is : or imatel 5
n e — approximately —.
' 7 pp Y 7n
SN
Therefore, the error of the total LWP is approximately =
n
where N i the total number of railyards in the population,

-6~
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PESCRIPTION OF THE MODEL

1.0 General Description

1.1 Introduction
Section 17 of the Neise Control Act of 1972 directed

the U.S. EPA to establish noise control limits forr the faecili-

ties and equipment of interstate rail carriers. Final noise

regulations were promulgated in 1975 for moving locomotives
and railcars (rolling stock). Subseguent court rulings
ordered the EPA to additionally promulgate comprehensive neoise
standards for the remaining railroad equipment and facilities.
In general, in addition to rolling stock coperations, the major
noise producing activities are associated with egquipment 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 categorize the railyard facilities and jidentify the types
of noise sources operating therein. Alsc, ONAC has conducted
a serles of health and welfare impact assessments which werae
essential in providing a gquantitative basis for cemparing on
a national scale the relative benefits and costs of various
regulatory alternatives. The magnitude of rajilyard 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
protact the public health and welfare), and in terms of the
Equivalent Number of People Impacted (ENI), or the Level
Weighted Population (LWP), which is an integration of the
number of people exposed above the criterion and the degree

I T e o e e i
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of exposure for people subjected to each neoise level range
above the criterion (1, 2, 17, 20). The noise exXposure

rating scale used is the average day-night noise level (Ldn)
which was developed by the EPA for measuring community
annoyance or general adverse response, and which is bagsed

on the A-weighted sound level measurement scgle.(3i' Th?“__
noise eriterion or limit determined by the EPA as recuisite

to protect the public health and welfare is Ldn = SSdB.(3) The
costs associated with the noise control requlation of railyard
facilities were determined in terms of available ané feasible
procedures and technologies (i.e., mufflers, noise enclosures
or barziers) for specific items or types of eguipment and for
the railyard in general (i.e., noise barrier walls constructed
along the yard bouh&hry, purchase of land to create buffer

zones).

Therefore, a noise dgeneration and propagaticen computer
model called.the Railyard Noise Exposure Model {RYNEM}, was
developed to conduct the health and welfare impact and cost
agsessment. The purpose of this document (Volume 1) is to
describe the computer model, the input data required, and
results generated. The use and programming of the model are
discussaed in detail in the companion documents - Volume 2
RYNEM User Manual, and Volume 3 RYNEM Programming Manual.

-

The railyard noise exposure or impact cemputer model
currently used was constructed to determine the PE and ENI
(LwP), and noise control costs for a sample of individual :
railyards, and then scale the results tp a national level
reprasenting the total impact associated with approximately
4000 railyards identified (by U.S. DOT/FRA) in the United
states. {4)  The noise impact was determined for people in
residential and commercial land use areas adjacent to and
near individual railyards. This was done, basically by using
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the noise preduced by groups of moving and stationary sources

operating within the boundaries of a railyard facility, and
the specific activity levels (numbers of noise events,lor
duration of operation) for each source at that railyard, to
determine the noise exposure level (Lén) generated. The land
uge patterns, population density, background noise level, and
noise attenuation data for specific railyard location and type
of noise source (or group) were incorporated in the analysis
to determine the propagation pattern (variation of Ldn with
distance) over the receiving propertias (residential and
commercial). The area within which the noise exposure (Ldn)
exceeded 55dB was determined and thus the PE magnitude was
obtained. #lse, the number of people in incremental Ldn
bandwidths multiplied by the impact facter for the correspond-
ing Ldn value in each band was obtained and summed gver all
the increments to give the LWP value for the receiving area.
The PE and LWP values for all the receiving areas at the rail-
yard were then summed to give the total impact for the rail-
yvard facility.

In general, the basic elements and data requirements
form the structure of the railyvard ncise impact computer model
are indicated by Table 1.

o d g gt o B B R e ko e S
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Table 1. Basic Elements aof the Railyard Noise Impact Hodel

Hodel Element

Railyard functional type

Noise sources

Land Use patterns

Population impacted

Raflyard/Noise Source activity level

Koise exposure rating scale

Propagation factors

Noise generation equations

Input or Qutput Data

~Configuration, sub areas
~dfmensions (width, length)

-relative location in yard

-type {moving, stationary)
-operation patterns (dimensions)
-source strength (noise level)
-predoninant spectra {frequencies)
-noise event durations
-distribution and Jocation of

‘residential and commercial areas
{recaiving property)

~dimensions of receiving areas
distances to receiving areas

-land uses between railyard and
receiving property

-lacation of noise sources (groups)
relative to receiving property
-average population density
~-receiving property population density
-average number of day and night events,
or events per work shift
-duration pf operation per hour or

wark period

-avérage day-night level (Ldn)
-hasad:on A-weighted sound level, dé
~air and ground attenuation rate
-resfdential building insertion loss
~industrial building Tnsertion loss

-Ldn, Lmax, Leg{l) max at base distance
-Ldn, Lmax, Leq(l} max at receiving distarce
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Table 1. {Continued)

Model Element

Noise propagation equatians

Noise impact determination

Noise reduction cost determination

Rajlyard inventory

Total Mational impact

)

-
~.

A i St irdn,

T s

Imput or Qutput Data

- noise barrier attenuation
= Ldn variation with distance

- Population Exposed (PE}

- Level Weighted Population {LWP)

- Barrier wall cost factors

- Total cost for railyard

- Numbers of railyards in each functional
categary '

- LWP and PE totals for sample railyards:

Z LWP and PE scaled up to national level
by ratio of total number to sample number
of raflyards

- Total noise reduction costs from use
of property line barriers

b i

A




PO P T kb e A b r

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

which have been defined by DOT/FRA as railyards. Some of these railyérd

faci11ties'are relatively large (50 to 100 parallel tracks, total cemplex 2
to 5 miles in length), and some are relatively small (a few tracks, and é
few thousand feet in length). The largest yards may process a flow of 5000
railcars per day, while the very small yards move less than 50 railcars per
day. For modeling purposes, it was appropriate and convenient te categorize

these facilities by function into 4 major types.

. Hump classification railyards
] "Flat c1assificatinn'rai1yards
] IndusﬁriaT railyards

8 Small industrial railyards

Classification means breaking apart the incoming trains inte

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

into strings of cars to make-up outgoing trainms.

Hump classification yard configurations consist of a hill over
which railcars are pushed by locomotives, and a baw! containing a fan of
parallel tracks into which the railcars roll by gravity. Devices on
the tracks called retarders act on the raflcar wheels as they pass through
to control their speed, and switches on the tracks fix the paths of the

railcars.

Flat classification yards are operated by a nunmber of locomotives

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

e oot ih o S A ot S o s




. the yard to break up and re-form trains. Industrial and Small Industrial
yards are also flat yards but are operated by a smaller number of switcher )

lccomotives,

The bredominant noise sources {operations) identified in rafl-
yard facilities and included in the model are listed in Table 2 according
to yard iype. Switch engines and in-bound and cut-bound train operations
are modeled as moving sources, while the remaining source types are stationary

{grouped or virtual sources).

it U e
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Table 2. Railyard Koise Sources

HUMP YARD - NOISE SOURCES: |

- W
- ES
- R
-
-«
-
T
- R
- IS
- o8
- B

-

Hump Lead Switchers

Inert Retarders

Makeup Switchers

Car Impacts

1dling Locomotives

Locomotice Load Test

Refrigerator Cars

Industrial and Other Switchers
Cutbound Trains {Road-Haul and Local)

.Inbound Trains

FLAT CLASSIFICATION YARD - NOISE SOURCES:

- cs
- cl
- 18
- 08
- I
- LT
- RC

Master'Retarders (Inc]udes'Group Intermediate, and Track}

Classification Switchers {includes industrial and other switchers)

Car Impacts

Inbound Trains

Qutbound Trains (Road-Haul and Local}
Id1ing Locomotives -
Load Tests

Refrigerator Cars

INDUSTRIAL AND SMALL INOUSTRIAL YARD - NOISE SCURCES:

- SE
- I
- 18
- 08

Switch Engines

Car Impacts

Inbound Trains {Local)
Outbound Trains (Local)

G ipiphy e s bt T T
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TOFC/COFC YARDS (ATTACHED TO SOME PAILYARDS) - NOISE COURCES:
- ¢T - Crane/Lift (Truck)
- GT - Hostler (Goat} Truck

Not all hump and flat yards will have parked refrigerator cars. In some
cases, however, there may be refrigerator cars and id1ing locomotives
parked in the smaller railyards {industrial, small industrial).  Not all
hump yards have inert retarders. . '
lire detailed descriptions of the function and elements of the computer

model are presented in the following sections,
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1.2 PFunctien and Logic of the Model

The railyard facility noise emission regulation model is
deéigned to calculate the noise exposure levels generated and
the rate of attenuation over the receiving areas, and then to
compute the noise impact in terms of LWP and PE values for
regidential and commercial land use areas at individual rail-
yards. 1In each case the baseline impact is calculated, and
then noise barriers of various heights are added at appropriate
railyard boundary locaticns to reduce the receiving' property
noise levels to selected alternative values (Ldn - 75, 70, &5,
60, and 55 dB). The costs for the reguired noise barriers are
also computed by the program. The basic types of input data
required and the results generated were indicated in Table 1.

In its simpliest form, the railyard noise impact model
consists of three general sub-models:

e Noise Generation Model
Ldn for each noise source
Ldn for each group of noise scurces

e Noise Propagation Model
Excess air and ground attenuation for each source
Insertion loss due to indusg;ial land use
Insertion loss due to residential buildings
Insertion loss due to walls at railyard boundary
Total attenuation of Ldn with distance

e Noise Impact Model

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

Thege three models are combined in an integrateq
computer code.

10
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A simplified view of the structure and elements of the
model is provided by the diagram in Fiqure 1. A description of the input
data and their requirements and generation will be discussed in detail .
in Section.z.z. The basic sources of the data are
indicated in Figure 1, The Environmental Photo Interpretation Center (EPIC)
analyzed photographic imagery in conjunction with [{.5.6.5. maps for each
sample railyard. selected in order to determine the lanu use configuration
around the rajlyard, and éo indicate the locations of some of the railyard
noise sources. Overlays on tracing paper were made to show the size,
boundaries, and relative locations of arsas interpreted as residential,
commercial, industrial, agricultural, and undeveloped land uses. An example
is shown in Figure 2. The population and other demographic variables in
the area surrounding each sample rajlyard were obtained from census data
analyses conducted by Consolidated Analyses Center, 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 remainder of the data required were generated by thé EPA from
the literaturs on raflyard operations, rail carrier noise sources, and

-

rail facility noise surveys.

The basic logic for the model {s indicated in Figure 3, and can be
described as follows. For a given railyard type, type of sources operating,
raflyard traffic rate, and impact area fhe noise generation model first
computes the Ldn valqe for each source at a reference distance of 100 ft.,
and then computes the Ldn for each source at DN, the distance to the near

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

11
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source group, and combined with the background noise level. 1In the baseline
case (no barrier wall) the composite noise Tevel {s then propagated across
the impact area integrating the Ldn vs. distance relatfionship with the impact
weighting factﬁrs and population density in 108 increments to obtain the

PE and LWP values. This procedure is followed for all fmpact areas and
sources {groups) at the raflyard, and the resulting PE and LWP values are
summed to obtain the total impact. ;

For each of the alternative noise Timits at the receiving
properties, the various heights for a wall at the rail yard boundary
necessary to reduce the baseline Ldn value to the desired values at the
receiving properties are Computed. The LWP and PE values are then calculated

as discussed above.

16
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1.3 Noise Generation, Propogation, and Exposurs/Impact

Equations

o~ The basic algorithms and terms used to define or deter=-

mine noise generation, propogation, and impact in the computer

model are presented below:

l.3.1 Noise Generation

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

{a.) For repeated single noise events all sources exéept

IL, RC, and LT :

Ldn (00) = SEL - 49.4 + 10 Tog [(ND+1oNN) (H/hv) ],

when ND or NN > Q.
Ldn {D0) = O when HD and NN = Q.,

The term (NL/NV} represents the number of locomotives
at each virtual source (e.g., if there are 3 virtual sources

and 6 locomotives, then the effective number of locomotives

at each virtual source is;

6 _
_3-'- 2)-
{b.) For quasi -'continuous noise events {IL,
™ Ldn (00) = SEL-13.8 + 10 Tog (MH x NU1 +

SEL = LEQ (1), and
NH1, NH2, or NH3>0.

Ldn (D0) = 0, when NHL, NH2, and NKJ

2. Activity Rates
ND = NP x NED % NES x EP
NN = NP x NEN x NES x EP
3. Terminology =

Ldn = Day-Might Average Noise Level

RC, and LT}’

NH2 xHU2 +10KH3xNU3);

L}
=
.

SEL = Reference Single Event Level (10 TOQIEIOL(t)!IOdt)

LED {1) = Reference Equivalent Noise Lovel for 1 hour duration

ND = Total Number of Day-time events {7am - 10pm) -

NN = Total Number of Night-time events (l0pn - 7am)

NL = Number of Locomotives

NY = Mumber of Virtual sources
17
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NH1 = Number of Hours operating during first shift
NU1 = Number of Units operating during first shift,
KH2 = Number of hours operating during second shift
NUZ = Number of Units operating druing second shift
NH3 = Number of Hours operating during third shift
NV = Number of Units operating during third shift
NP = Number of Fass-bys per event (moving sources)
NED - Number of vo.rces or events, Day-time

NEN = Number of sources or events, Nfight-time

NES = Number of Events per Source .

EP = Event Probability

Refarance LMAX and LEQ MAX {at DO).

(a.) For repeated single noise avents
LMAX = LMAX (DO) + 10 log ML
LEQWAX = Larger of Day LEQ and Night LEQ {1)
bay LEQ (1)=SEL - 47.3 +10%0g [ #0 (53]

Night LEQ (1) = SEL - 45.1 + 10 Tog [ hn (§ty]
rF N
{b.) For quasi - continuous noise events (IL,RC,and LT)
LMAX = LMAX (DD) + 10 Tog (NUX)

LEQMAX = LEQ (1) + 10 log (NUX)
NUX = Larger of Nu2, NUZ, or NU3

ig
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1.3.2 MNoise Propagation

5. Ldn at Receiving Property {DN). N
Ldn (DN} = LDN(DO) - ALPHAG x (DN=~D9)=-AT - 10 log(%)

DN = Distance from source to near side of receiving
property

ALPHAG = Extra Air and Ground Attenuation Coefficient
AL = Insertion loss due to industrial buildings
N = 1 for moving source
2 for stationary source .

6. IMAX and LEQMAX at Receiving Property (DN).
IMAX (DN) = LMAX-ALPHAG X (DN-DO} - AI - 10 log (-g—g

LEQMAX (DN) = LEQMAX = ALPHAG X (DN~DO)~-Al= 10 log (%g)

7. Hoise Darrier (Wall) Attenuation

AW = 5+10 1o _,.ﬁ___—‘“m" Y
g( 'Can,’*.\ZTI'N )
N=28/N,.

j\.ﬂ wave length far predominant frequency ({%)
S = propagation path distance increment due to barrier
y = varfable (1 to 2), dependent on type of source and configuration

factors® "
*For this model a conservative value of 1 was selected for y.
This partially accountas for the effects of finite barrier
lengths, and compensates for the fact that extra air and
ground attenuatjon has been accounted for elsewhere in the
propogation eguations.
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A gﬁm - H 4 (R - 18)?

2 g2
B =/(Hw-Hr) + B

R —
AN ETRLRY

Hw = wall height, ft. (maximum allowable Hy = 30 f£t.)
Hs = source height, ft.

Hr' = receiver height, ft.

DB = distance from railyard boundary to receiving property, ft.
DR** = distance from source to receiving praeperty, ft.

**When 0B < 50, DR = ON + (50-DB), DB = 50
When0B > 50, OR = DN

P T TR TR T

8. The following restrictions hold for aw -

a. When Hg = Hp and Hy <Hg: AW = 0

b. wWhen Hg = Hp and Hy, = Hg: AW = 5

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

d. wWhen Hgp Hy and Hy = h + Hp: AW = 3

h = (Hg—-Hy) DB/DR
e. When Hpy Hg and H,4h + Hg: AW =0
£. When HpglH; and Hy = h + Hg: AW = 5
h o (He-Hg) (BE2CE )
-

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

high enough to break the line-of-sight.

20

—— P T T RIS b




- 8. Ldn at any distance (D} beyond receiving property line,

Ldn (D) = Ldn (DN) - AT - GALPHAG x (D-DN) - 10 log (o)™

GALPHAG = grouped source alr and ground absoroption co-
efficient (db/ft.).
AT = Total insertion loss due to noise barrier, industrial
land, and residential/commercial bgil@}ngs}@ﬁ).
N = 1 for moving source
2 for stationary source
9., Total insertion loss, AT.
AT = £ (AW, AZ, AR), 4B
AW = noise barrier wall insertion loss, dB
AI = industrial building insertion loss, dB
AR = residential/commercial building insertion loss, dB

s~ .
N
’ Baseline (No wall at railyard boundary, AW=0)
Case (a) When Al = 0, A; = AR
AR
Case {b) When AT > 0, Ap = AL + 5
Wall at Railyard Boundary (AW > 0):
Case (c) When Al = 0, Ay = AW + AR/2 =
Case {d) When Al >0,
AT = M+ AT + AR/4
*Source group compesite Ldn
D)
N

21
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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-
fits may be quantified both in terms of reductions in noise
exposures and, more 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 exposurefimpact 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 henefits:

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

2, Fewer activities disrupted by individual, intense
noise or intruding noise events.

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

The railyard noise impact model guantifies the noise
levels in residential and commercial areas, and numbers of
ragidents living within sach 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 infermation which indi-
cated the local average population densities near railyards,
but with no differentiation between residential and commercial
land use. This, in effect, quantified the impact on the
regidents of the area regardless of whether they participate'
in residential or commercial activities.

22
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The general measure for environmental noise used by the EPA
fs the equivalent or average A-weighted sound tavel (Leq}, in units of
decibels. This indicator correlates well with the overall long-temrm
effects of noise on the public health and welfare.

When expressed in terms of an A-weighted sound level, L(t), the
equivalent sound level (&q) is expressed by:

'
.

.* ‘2 ‘ l .
: 1 v f S L{e)/10
Leg = 10 logyg | —— 0 de
t=cy . '
. i ty .
l 2
vhere, in general, L{c) = 10 10;1[;, [ I’("',] '

The cumulative impact of noise on people is assessed in terms
™ of the day-night sound level (Ldn) which {s a noise rating scale developed
by the EPA. Ldn is used as a rating scale for the daily {24-hour) sound
exposure. It incarporates a weighting applied to nighttime noise levels
to account for the increased sensitivity or reaction of people to noise
jntrusion at night. Thus, Lan is defined as the equivalent sound level
during a 24-hour perfad, with a 10 dB weighting applied to the noise levels
for the noise events during the nighttime hours of 10 P.M, to 7 A.M. This
may be expressed by the following equation:

-
Lo "o,
R ,(- ISR
: f . [ . 1 o i Iy '
Lag = 10 logyp % f ‘ 101-(:”; d: * f 10 fL(c)+10]/20 de
. ‘5 | : " 2 , o

vhere T-ts-tl, t1=7 A.M. an 1st day, t2=10 P.M. and t3 = 7 AR

O
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For the purposes of this model, noise impact criteria presented
in the EPA Levels Document are used. When the outdeor level of Ldn=55 dB
(which {s identified in the EPA Levels Document as requisite to protect the
public health and welfare) is met, no adverse impact in terms of general
annoyance and community response is assumed to ex{st on a statistical basis..

For Ldn > 55, a function for weighting the magnitude of noise
jmpact with respect to general adverse response {annoyance) has been dev-
eloped by the EPA. This function, normalized to unity at Lan = 75 dB,
expresses the expected fractional impact, ¥ (Ldn). in accordance with the
following relationship:

03 (L-C) for L »C,

10, Wilgn) =
0 far L ¢cC.

: L is the observed or measured Ldn of the environmental noise, and in this
study model the ¢riterion level C is Ldn = 55 dB.

The total impact of rajiyard noise can then be expressed in terms
of both axtensiveness {i.e., the number of people impacted) and intensiveness
{the severity of impact) by multiplying the W (Ldn) value by the number of
people (P) exposed for the corresponding noise level and area under consideration.
r N

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

i
¥
g given by:

L]

|'

€

|
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Since the Ldn from a given source varies with distance, the N(Ldé) value
will vary with distance also, and the total impact (LWP) is obtained by

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

- rating is:

12, WP = TP x W (Ly)
i

.

More specifically, the LWP calculation is made on the basis of successive
1 dB decrements in L.,where L. is the composite L, value for the grouped
source noise level and the background nojse level, subject to certain
restrictions explained subsequently. . L

d"j/lﬂ
Source group Ly, = b © 10 log (£ 10 }, d8;
h|

l'dn_1 = Ldn value for each source,

16/10,19'86/10) g,

13, . L,» composite environmental L, = 10 log {10
and LBG = background (non-railyard source) Ldn, 4B
14, LBG =22 + 10 logp, dB; wher‘-/° < |SB5

LBG = 54 dB, when ﬁ} ft,"gs_.

eople
= local average population,density (sq. mi1.
local lation,densi (EE“E‘")

15, Restrictions on LG and Lc:
LG?_LBG "k: k f_. sl and

L. 255

These rastrictions pravent LG from decreasing to less than 6 dB below
LBG‘ and thus pravent Lc from decreasing to less than 55 dB.

25
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16. Average Lc for each incremental area in computing LWP,

Wi (Ldn) = Wy ()

L =
€44y Lc1 -1d8, and

- T L, ~55
Wy (L) = ‘—1—27-’
17. Incremental area and population
The incremental areas (Ai) are either rectangular strips (for moving
sources) or angular sectors between successive segments of a circle {for

stationary sources).

Stationary Sources

Ay = 0131 cos 71 (D 0/ D i+1
=z
2
D5 e
e g - oy [

Moving Sources
Ay = d{Di+l =D;),d = length of receiving property,
Dy = distance frcm source to near side of area increment,
Dy4+) = distance from source to far side of area ipcrement.

The increment area population is computed according to:
Pf =B Al , where

fref. . and

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

26
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Thus, starting at DN {(or Dy = Dl) and continuing across
the receiving property, increments of area are defined (Dj
is computed) such that Eci decreaseas 3 dB for each successive
area increment until either the far side of the property is
reached or L, decreases to 55 dB.'AQATEE)-End LWP, are com=

puted for each area increment, and the Lwﬁi values are

summed to obtain the total LWP value. Also, the total area
in which Ly 2 55 dB is multiplied by Ar to obtain the Popu-
lation Exposed (PE) value.

18. Total National Impact

when LWP values have been computad 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:

LW, = = LW, and
K

“t
LWP, = LNPs X ﬁ; , where

LWP, = total LWP for the sample railyards (in a particu]arltype).

Ns = number of ratlyards in the sample,
.o

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

The benefits associated with alternative regulatory
levels for railyard facility noise emission limits are
measured in terms of the reduction in the ENI {or LWP) or’
PE achieved. The computer model calculates the difference
between the baseline (l.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

Jboundary to reduce the noise levels to the alterpative

regulatory levels (kgp = 75, 70, 65, and 60 d4B). Thus, the
output data includes the ENI reduction (DENI) associated

with aach regulatory level for each railyard analyzed.

The computer program also computes the estimated costs
for construction of the walls at the railyard boundary to
attenutate the railyard source noise levels to the alternative
regulatory levels. The noise harrier costs are determined
according to:

$ cost of wall = length (ft.) X height (ft.)} x ¢y

cost 2
CL= TRt area!®/ft.).

This cost, ey i35 assumed to be $10 per sq ft.

Fy

28
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2,0 Input Data Requirements
2.1 Introduction

Two categories of functional input data are required
for the operation of the computer program. Fixed (or static)
data are reguired that jefine the railyard and noise source
type, source operation characteristics, basic activity assump-
tions, and the physics of noise propagation. Variable (or
dynanic) data are regquired 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 (Ly,, and
Lg) for all the noise sources, the distance from the source
to reference location, attenuation factors, number of sources
and source groups, and activity factor assumptions. The
variable data include distance from sources to receiving pro-
perties, dimensions of receiving properties, travel distance
for moving sources, propagation attenuation factors, number of
neoise events or hours of operations for each source, and
number of noise sources.

29
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2.2 Source Noise Levels

The reference average noise levels* used in the noise impact
health and welfare model are summarized in Table 3. The bases for detar-
mining the average noise level for each type of source are presented below.
Data sources are specified in the reference section.(6'13) More detailed
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 shown below were used to
obtain the baseline average maximum noise level for master and group re-
tarders. All measurements were at or normalized to a distance of 100 ft. {30m).

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

b. Lmai enargy ave. = 111 dB; 37 measurements.
(6) Lmax energy ave, = 108 d¢B @ 100 ft (30 m); 38 measurementsﬂ
(9) a. Lmax energy ave, = 109.5 dB; 113 measurements.

b. Lmax energy ave, = 108,5 dB; 164 measurements.

{1,6,9) Campasite average L, = 111 dB; 410 measurements.

Average Single Event Level (E;):

A sample noise-time history indicated durations of 1.5 to 2 sec
between the 20 dB down points for clearly definablg events.(s) The typical
L = 110 dB at 100 ft witha 10dB down point duration (t1g) of 1 sec and a

max
typical L of 107 dB. This impiies that Atoee 2 0.5 sec since:

L=l

ax * 10 log & teff‘

A few other data indicated a typical retarder squeal {at 100 ft or 30 m
distance) could be represented by an equilateral triangle time-history with
a maximum level of 110 dB and a duratfon of 3.6 sec for the 30 dB down

points (tao).(s'g) This also results in Ateff = 0,5 sec.

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

~4
*A-weighted sound pressure level, dB re. 2X10 dynes/cm?
30
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Table 3
SOURCE NOISE LEVEL* SUMMARY
Number of
Neise source Measurements Loax,et® 5 Leq (Work cyele), as ;L or fLeq(lﬂ s di
Master Retarder: 410 111 - 108
Group, Track and
Internadiate
Inert Retarder 96 93 - 90
Fiat Yard Switch Engine Ref. 18 90 77 94 (4. MPH)
Hump Switch Engine, fef. 6 90 78 95 (4 MPH)
(Constant Speed)
o In-or Qut-bound Locomotive| Ref. 6 90 78 95 {4 MPH)
Idling Locomotive 27 65 {<2500 HP} [ﬁﬁ]
.55 67 (>2500 HP)
Car Impact 164 99 - 94
Refrigerator Car 23 73 67 [67]
Load Test (High Throttle) 59 90 87 [a7]
Crane Lift Ref. 19 . 83 79 . . 106.5
Hostler truck Ref. 19 : 82 65 94,5

* A-waighted Averageat 100 ft.
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Analytical evaluatian of the 1378 measurement data indicate typicail Btoe -
values in the 0.5 sec range.(17) Thus, at 100 ft (30 m) distance from
the retarder, the typical or average Ls value is 108 dB.

Inert Retarders

The energy average maximum level (Lmax) for the 96 data points
was 93 d8 (6 100 ft.).(5)

Since there were no data available on inert retarder, noise event
durations, it was assumed that Ateff = 0.5 sec. Thus the reference Lg was
90 dB.

flat Yard Switch Engines

Maximum noise Jevels at 100 ft. (30 m) for 30 events during
accaleration passbys {"kicking" railcars) were in the range 73 to 92 dB, with
an energy average level of B3 dB.(B) However, more recent data indicated a
work cycle average level of 77 dB, and an average speed of 4 mph.(18
Therefore 51 - )

Reference L = 77 + 10 Tog ( 1 Y/v) = 94 dB, where
= 100 ft., and V = 5.9 ft./sec.

Hump Switch Engine

Only a few data samples were available to indicate the typical
noise level for hump lead switch engine passbys.(s) These data indicated
that Leq was 1in the 76 to 80 dB range at 100 ft (30 m). Therefore, an
Leq = 7B dB was assumed for the noise fmpact modél . Thus (5

Reference L, = 78 + 10 log (n%) = 95 d8, where
0= 100 ft., and V = 5.9 ft,/sec,

I1d}ing Locomotives

Two references contajned numerous measurements of nofse levels
from a wide varfety of types and sizes (HP) of rail locomotives at the
statfonary idle (throttle setting Q) cond1tion.(2'5) The measurements ware
obtained at distances of 50 to 150 ft (15.2 to 92 m) in railyards dnder a
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variety of operating conditions (including 1o0ad tests, special tests near
repair shops and groups of idling locemotives). These data were examined
and, where required, normalized to the noise level of one locomotive at a
distance of 100 ft {30 m). In those cases where the measured level was due
to a line or group of locomotives, a2 standard analytical procedure was used
to estimate the average Tevef for one Iocomot1ve.(6) One of the references
presented data for "road engines" and “switch engines" without defining
either type of 1oc0mot1ve.(6) The other reference 1isted the power rating
(HP) of the locomotives for which noise level:s were measured.'®!

In the railyard noise impact model, it was assumed that switching
operations were performed by a 50/50 mixture of locomotives above and below
2500 HP. Therefore, the Leqfly value used in the model for an idling Joco-

motive was 66 dB. -
Load Cell Operatians

Noise measurement data for locomotives operating in a stationary
condition at high throttle settings were available from 4 references.(l'z's’g)
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 of the references.(2 The size of the locomotives
ranged from 1500 to 3600 Hp, and the noise levels at 100 ft (30.-m) ranged
from 84 to 94 dB. The resulting energy average noise level at 100 ft (30 m)
was 90 dB. However, to account for a mixture of low and high throttle
settings, an Leq¢)) = 87 dB was assumed, -

Refrigerator Cars

Nolse levels from the diesel engine powered coqling units on refrigerator
cars are a function of engine speed and which side of the car the measurement
js being made. The cooling units typically operate at either low or high
engine speed. Several references are available which present a total of
approximately 100 samples of refrigerator car noise Ievels.(5'12'17)

i3
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However, much of the data is not defined relative to both engine speed and
side of railcar (engine vs. condenser). Therefore, only those noise data
(about 23 samples) for which specific operating conditions and measurement
locations were known were used to derive the representative average noise
level for refrigerator cars.(5‘17) The weighted (energy) average for both
sides at each throttle satting 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 Jow nniée sides.
Also, the recent references indicated that high engine speed operation
typically occurred for only 10 minutes per hour.(lz) Thus, the weighted

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

The reference level thus used in the noisé impact model was Leg{) = 67 d8
at 100 ft (30 m). )

Raflcar Coupling (Impact)

Several references provided noise lavel data for railcar coupling impact
events.(s‘g'll) Two of the references which were initially avajlable did not
include either coupling speed data correlated to the noise level, or noise
event durations from which SEL values could be determined. (6,9) However,
other references provided impact noise levels (LMax and Ls) correlated to
coup]fn?igpfggs. and indicated the probability distribution for coupling
speeds. '™ ? 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 of the product of the noise-speed and speed-probability functions.
The hasic data used for this determination consisted of 31 samples of Lmax
and L, values for coupling noise(ll), and 61,000 samples of car coupling

speeds,
The expected noise level values were:
Max Lexp = 98,8 d8 at 100 ft (30.5 m).

L, exp " 94 48 at 100 ft (30.5 m).

34
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In addition, two possible impact noise control options were considered -
Timiting coupling speeds to 6 MPH, or to 4 MPH. Expected noise level

values for these cases were determined by assuming that for the 6 MPH speed
Timit case, all couplings above 6 MPH would be redistributed into the 5 to

& MPH interval, And for the 4 MPH speed 1imit case, all couplings abave

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

. 6 MPH Speed Limit, Max Lexp = 97,3 4R

Ls exp =92.0d8 - .

) 4 MPH Speed Limit, Max Lexp = 91.7 dB

Le exp = 35.8 48

TOFC/COFC Yard Noise Sources

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

flat-car and container-on-flat-car areas at railyards could be represented
by two predominant noise sources - diesel powered cranes (crane-1ifts) and

trucks (hostler ar goat trucks}.(lg) The average noise levels at 100 ft.
{30 m}, and durations per work cycle were:

Crane-11ft Lmax = 83 4B
Leq (work cycle) = 79 48
Work cycle duratfon = 9 min.
Ls (work cycle) = 106.5 B

Goat Truek Lmax = 82 d8
Leq {work cycle) = 65 dB
Work cycle duration = 15 min.
Ls (work cycle) = 94.5 dB

a5
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2.3 PFixed 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. 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=1) for each inbound and outbound train operation. 1In the
case ¢of stationary sources, NP is not applicable, and a value
of 1 {no effect) is entered in the noise generation eguation.
In the case of rajlcar coupling noise events (or impacts, 3]
the number of virtual sources (NV) is assumed equal to 2 for
hump yards and 4 for flat classification yards so that there
are effectively 2 or 4 locations, 1 or 2 at each end of the
classification area, where the noise events occcur. In conjunc-
tion with car impacts it is also assumed (based on measured data)
that in general only one-half of the cars classified result in
a noise event and thus the noise event probability (EP) is 0.5.
In the case of master/group retarder (MR) noise events, the
railcars pass through 2 {or more) retarder stages, but produce
& noise event only one-half the time - thus the number of noise
events per railcar classified (NES) is5 2 and the noise event
probability (EP) is 0.5. 1In the TOFC/COFC areas the gocat eor
hostler truck (9&) works two cycles (NES=2) for each flat rail-
car (two trailers per flat car), and the crane lift (CT) works
4 cycles (NES=4) faor each flat railecar loaded. .
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TASLE 4. Fixed Input Data for Railyard Noise.tmpact Madel
Noise Source Data

INPUT DATA PARAMETER
NOTSE LMAX" s W N N N NES EP  ALPHAG DO
SOURCE {d8) {dB) {dB/FT} (FT)
HS 90 g5 2 1 1 1 1 1 001 100
MS 90 94 2 2 1 1 1 1 001 ]
1S 90 94 2 111 1 1 001
s 90 94 2 111 1 1 001
B 90 95 1 30 1 1 .002
081 90 95 1 32 1 1 002
0Bz 90 95 1 1] 11 1 1 002
MR111 108 1 1 2 1 2 0.5  .0l0
IR 93 90 1 1T 2 1 1 0.8  .010
g1 99 94 1 1 2 203) 1 o.50 .005
m IL 66 66 M ONA 2 NA NA NA 0025
RC 73 67 NA OMA 2 NA NA NA .0035
Lt g0 {4 g4l s NA 2 NA NA NA .0020
(o & 94.5 1 1 2z 1 2 1 0020 W
T 83 106.5 1 1 2 1 4 1 .0020
* Reference (at 100 ft.) -

(1) 1 for Industrial and Small Industrial Yards
(2) 1 for Sma}l Industrial Yards
{3) 4 for Flat Classification Yards

(4} These values are reduced by 12 4B in the model
when it ig assumed that the source standard for
lead test cells requires a nolse absorbing barrier
to be used at the test cell site.

Q-
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2.4 Source Noise Attenuation Factors

Divergence Loss

The reduction of nofse with distance from the source because of
divargence loss for statianary (individval and grouped) sources in the rail-
yards is a function of 20 log10 (distance ratfo) assuming that the sources
radiate in the normal hemispherical pattern. Therefore -

D
Stationary Sourca: Ldn (02) = Ldn (Dl} - 20 log (530. .
In the case of the moving sources, e.g., switch engines, Ldn is
develaped from SENEL per pass-by and the number of pass-by events. At a

particular distance from the sources tle SENEL value is a function of the
speed of the source and the maximum noise level {Lmax) during the pass—by.(s)

2 w D
SENELy = Ly + 10 Tog ( -&)

whera:
01 = distance from source to observer (m), and

¥V = source spead (m/sec).
Then at any other distance a2 it can be shown that -

D
SENELy « semeL, - 10 1093% , and

D
Moving Source: Ly (D,) = Ly (D)) ~ 10 log (g
Air and Ground Absorption ‘ N 1.

Ouring propagation, the noise energy is 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 nofse spectrum and alsoe the
relative humidity and air temperature. Nominal expressions for air and

ground attenuation developed by DOT, for an average day (EOOF and 65% relative
humidity) are:

A . 2fd
air IEE

k}:
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Aqround = 10 Togyy fﬁ__s , for fd > 4x10°,
4x10 g
A 2 0, for fd < 4x10%,
where:

A = attenuation, dB
f = sound frequency, Hert2, and
d = distance from source, feset.

ground

However, since the nofse model must compute L, 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 of the 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 fregquency 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 corréspondingly attenuated octave hand
noise lavels, and the differences betwsen the levels at the selected dis-
tances ?eﬁijFEd to determine the average extra attenuation (Aa+g) in dB
attributable to afr and ground absorption. The resulting combined afr and
ground absorption coefficiants are shown for each noise source type in Table 5.

Table 5. COMBINED AIR AND GROUND ABSORPTION FOR MAJOR RAILYARD NDISE SOURCES

Combined Air and Ground
Noise Source Absorption Coefficients,
ALPHAG (dB/ft)™*

Retarder 0.01 (dB/fe) 0.033(dB/a)
Switch Engine 0.001 0.0033
Car Impact 0.005 . 01864
Idling Locomotive 0.0025 . 0082
Locomotive Load Taat 0.002 0066
Refrigeration Car 0.0035 <115
Road«Haul Locomogive e 0.002 +0066
Crane=1lift 0.002 .00686
Hostlar Truck 0.002 Q066

*Bagaed on A-weightad sSPL
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However, in general, the noise impact results from either
groups of stationary or moving sources. The average
absorption coefficients assumed for mixed types of stationary
and moving sources are shown in Table 6.

Table 6. Average Prépagation Attenuation Coefficient
for Grouped Sources

Group Type . GALPHAG (dB/ft.}
Moving Source Group 0.002-
Stationary Scource Group 0.005

2.5 Noise Barrier Parameters

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

Tablae 7. Constants for Noise Barrier Attenuation

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

IL 125 10
HS,MS, 18 550 10
cs,I18,0B

MR, IR 2500 1

- RC 1250 8

CT, HT ' 550 8
cr 1259 3
ir 550 15 .
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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: (1) very low density areas, (2) residential
areas with single-floor houses, and (3) regidential, commer-
cial or other areas with multi-fleor buildings.

Typical insertion loss factors for the first row and
additiocnal 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 ouerail conditions, including background noise
effacts, are taken into consideration, the expected total
insertion leoss for several rows of buildings was in the range
5 d8 for sur lurban residential areas (single-flocr dwellings},
and 10 dB for higher-density areas with multi-floor buildings.
The resulting insertion leoss values used in the model for 3
different population density ranges are listed in Tahle 8.
values of 4 and B dB are used in place of 5 and 10 4B, respec-
tively, to compensate for the variability in attenuation with
distance from the wall, and the inclusiocn of the insertion
loss at DN, rather than after the first. one or two rows of
buildings.

Table 8. Noise Attenuation Due to Buildings on
Receiving Properties

LOCAL AVERAGE INSERTION LOSS : AR
POPULATION DENSITY

_(PEOPLE/SO, MI.) (dB) )

<2000
2000 to 800

> 8000 8
41
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Industrial Buildings

In those cases where 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
agsumed that there were no buildings on undevelcﬁed and
agricultural land. The insertion loss applicable for moving
sources is less than for stationary sources since any indus-
trial buildings act as a truncated or finite barriér.

Table 9. Noise Attenuation Due to Buildings on
Properties Between Railyard and Receiving

Areasg
Insertion Loss (dB): A

Statio=- Moving and
Type Of Moving nary Stationary
Land Use Sources Sources Sourceas
Undeveloped 0
Agricultural 0
Industrial. 5 10 7
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2,7 Vvariable Input Data

The variable input data are railyard specific. In general they are
determined for a sample raflyard from EPIC analyses and source activity
data provided by the railyard operator (rail carrier company).’

The locations of noise sources, source operation patterns (Iengths'
of travel, etc.), locations and sizes of residential and commercial areas,
and distances from noise sources to receiving properties are determined
from examination of USGS map and aerial photographs (EPIC analyses). However,
usually not all the data required to determine the sourcs locations and
activity rates, durations of operations, and daily distribution of operations
are provided. Therefore other factors and assumptions have to be included
in the data development.

Examples of typical variable input data for particular railyard type
are shown in Table 10. The method of derivation of these parameters is
discussed in more detail in sub-sectjon 2.9, Rajlyard Activity Data, and
segction 3.0, Perivation of Input Data.

The data shown in Table 10 indicate that for this example the study
area around the railyard is 50% residential and commerical land use, and
there are 5 separate arsas designated as residential or commercial (impacted
recefving properties). In the case of the first area (R 1}, the receiving
property is 4000 ft in length (parallel to the railyard), 8000 ft. wide, and
is impacted by 3 moving naise sources. The distance (ON) from these sources
to the nearest side of Rl is 300 ft., and the distance (DB} from the railyard
boundary to R1 {5 100 ft. The Intervening land use is industrial, and it is
assumed that industrial buildings result in an {nsertfon loss (AI) of 548 in
the roise level between the source and the receiving property (Rl). Since
the Tocal average population density is in the 2000 to 8000 people/sq. mi.
range, it is assumed that single family dwellings are on the property, and the
nofse level attenuation ({nsertion 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

AVERAGE RESIDENTIAL NUMBER OF
RAILYARD YARD TYPE/ POPULATION COMMERCIAL RECEIVING
1.0. TRAFF1C CATEGORY  DENSITY LAND USE FACTOR PROPERTIES
Name/City/ Hump Class./
State High 5000 0.5 5
IMPACT LENGTH WIOTH 08 ATT(d8) DN{FT.) _NUMBER OF SOURCES
AREAS (FT.} {FT.} (FT.) AB,AR MOVING/STA, _MOVING STATIONARY
Rl 4000 8000 100 5,4 300 0O 3 0
NOISE NED NEN NH1 NHZ2  NH3 NU1 NU2 NU3
SOURCE —_— — _— — —
HS 45 o - .- - - - -
18 10 5 - - - - - -
081 7 3 - - - - - -
L IMPACT LENGTH WIDTH 0B ATT(d8) ONC FT.)NUMBER OF SOQURCES
—_— AREA (FT.) (FT.) (FT.) ABL, AR MOV[NG/§_1_'__E. MOVING STATIOQNHARY
R2 2000 6000 0 0, 4 30 400 2 2
NOISE
SOURCE  NED HEN NAL MM NMZ  NDL  NU2 . N3
MS 20 10 - - - - -, -
0B2 5 2 - - - - - -
MR 1500 1000 - - - - - -
LT - - 8 4 Qe 2 1 0
Impact
Area “ e - etce.
Ry
etc.
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The source activity data indicate the hump switch engines {H5) move
a total of 75 blocks of raflcars per day (45 blocks during the day-time, and
30 blocks during the night-time), and thera are 15 inbound traias {1B)
per day and 10 outbound road haul trains {0B1) per day distributed during .
the day and night as shown.. ’ !
i
~ :
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2.8 Population Density

_ The population data for a sample railyard is generated by Consolidated
Analyses Centers, Inc. {CACI} using their Site II System data base and computer
program which incorporate 1970 block level census data. This program accesses
and summarizes the 1970 census at the block and block group levels and also
estimated the 1977 population for a selected study area based on such- in-
formation as public ut{lity connections and residential construction rates.

The CACI system produces a Demographic Profile Report, a sample of which is
shown in Figure 4.

The study area 15 rectangular in shape and equal to the ]éngth of the
railyard complex, and extends either 2500 ft (762 m) or 5000 ft (1524 m)
on each side depending on the size of the yard {i.e., 5000 ft (1524 m) for
classification yards and 2500 ft (762 m) for industrial and small yards).
The site specific or Tocal average population density is obtained by dividing
astimated 1977 population by the area within the rectangular coordinates of
the study area (excluding the railyard area).

The site specific or local average population density is not equal to
true residentail density since in the study area, the land surface area used
to obtain the density value includes the commercifal, industrial, agrigultural,
and undeveloped land. In the model it is assumed that the people are contained
in the residential and commercial areas around the rajlyard within the study
area. The residential-commercial land use function is determined for EPIC
analyses vhich are discussed in a later section. Therefore the impacted
population density {Pr) is cbtained by dividing the local average P by
the resfdentfal tand use fraction {r). -

46
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DEMOCAAPHIC PROGFILE REFORT

f“\ NILL 3T. YARD
‘ng".ou‘o 4 & 8 0 & & & & & & 2B 4 A A8 K s A o8
s LATEST CHARGE *
DEGC MIK SEC . FACH Ju o
LATITUDE Al 1 0 % 1977 POPULATION Jagl =84) »
LONCITULE 81 30 O * 1971 HOUSEHOLDS 1420 -lab *
) ® 1977 PER CAP LKCONE § 3843 § 1064 @
4 TOINT POLYCON . . .
. . ANNUAL COMPOUND CROMTH =3,00 s
WIICHTING PFCT 100z & & & b & A AN AR A S S S A s s e

1970 CENSUS DATA

FOPOLATION AGE AND SEX
TOTAL |, 4504 100.02 MALE FEHALE TOTAL
uRITE 328 72,62 0-3 127 10,02 234 10.1% 10.1%
ALGRO 1253 271,32 6-13 310 14012 320 13.82 14.02
OTHER 3 0.52 14=12 203 9.0% 183 7.9% 8.’
14=20 101 8,92 n 7.62
EPAR 33 0.3 21-19 lsa 17,12 320 11.8%2 laend
30=39 162 7.12 207 [ 18} 3,02
AQ~49 31 10,122 196 8,32 9.32
FANILY INCOME (00C) 30=64 2713 .02 311 16,02 14,02
$0=3 334 32,02 63+ 262 J1.62 31l 12,43 12.52
§5=7 148 14,22 TOTAL 2267 - 2319
$1=10 239  24.83 MEDIAN({AGE)} 25.2 2.9 26.4
$10=13 223 21.62
$13-23 10 6.72 KOME VALUE (000} OCCUPATION
$23=30 [ 0.4 30-10 ' 198 44,92 MNCR/PROF 209 13.9%
$50 + 4 0.4 310-15 108 47.23 SALES $6 3,72
TOTAL 1044 $13-20 34 7.7 CLERICAL 250 16.62
$20-2% 0  0.0Z <CRAFT 199 12.2%
AVERAGL § 082 $25=35 1 0.2% OPERTIVS 404 26,82
MEQLIAN $ 746d $15-30 0 09.0% LABORER [} 5,82
: —~ $30 + 0 0.0% FaRn 1 0.12
! : TOTAL LYY} SIRVICE 7% 18,32
: RINT PRIVATE 7 l.a82
; $0-100 708 80.92 AVERACE $10324
: $100~1%0 162 16,6 HEDIAN §10329
i §130~200 1% 2.01 X owwErx 1.2 LOUGATION ADULTS > 15
! $200-230 & Q. 0-0 819 14,43
! $150 + 1 0.1X B~11 633 29.0%
! TOTAL 974 AUTONOBILES 11 o177 27.93%
I NONE 331 13.7%1 1)~13 13 3.22
; AVRRAGE § 73 ONE 160  A8,2% 16 + L - PY Y
i HIDLAN § 62 ™o 130 14,82
: 1 REXTER  48.8 THREE+ 35 .82
! HOUSCHOLD PARAMETERS
i . ran porp 34 ot.02
ON1T2 IN STRUCTUREL HOUSEHOLDS WITH: IHOIV] DS 816 13,92
1 403 51,02 TV 1363 86,12 CRP GQTKS 134 5.1%
2 115 17.0% WaAsuER 1031 63.0% tor ros A304 .
. =4 il T.41 DAYER 43 28,062
| 5=9 [ H 5.2% DISuHWSH 36 .52 MO QF HIsS 1386
10=49 209 13.32 AINCOND 144 9,12 MO af FAMS 10%8
0 + 83 4. 12 PREEZEN 249 13,72 AVG HEt S12E 2.1
HOAILE 9 0.82 2 HUNES A9 J.12  AYC FANM S12E8 3.4
CACL, INC

Figure 4. DEMOGRAPHIC PROFILE REFORT OF MILL STREET
YARD  AKRON, OHIO
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2.9 Railyard Activity Data

In general, two sources of data are required to determine

the activity rates and traffic parameters for the railyard

noise sources. The principal activity data for individual sample

railyards are obtained from the resspective railroad companies
via'a survey questionnaire. FEHowever, the survey guesticnnaire
and the rail carrier response do not provide all the source
éctivity factors required by the model. Therefore, some of
the activity pgrameters 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 hump and flat classification type
yards as determined by DOT/FRA are listed in Tables 11
and 12, respectively. The average data for the
industrial and small industrial type yards are listed in .
Tables 13 and 14. In general, when reguired,
the range of traffic rate values for the low, medium and high
traffic categoriesa are used to judge whicﬁ'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

elassification 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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Average Activity Rates for Hump Classification Yards

t

Traffic Rate Categery
Activity Parameter Low Hediunm High
(<1000}*| (1000 co 20000 [ (»2000'*
[ lo. of Classification Tracks 26 43 57]
Recaiving Tracks TR l}, 3
Daparture Tracks 9 ! 12 14
Standing Capacity of Classification Yard a7, 1519 243
Standing Capicity of Receiving Yard 977 ! 1l 1345
" Scanding Capacicy of Departure Yard B62 i 969 159.
[ Cars Classified Per Day 689 | 108 286
' Local Cars Dispatched Per Day 86 250 s
Industrial Cars Dispatched Per Day 74 84 220
Road-Haul Cars Dispatched Per Day 632 | 1030 297
Cars Reclassified Per Day % 193 275
Cargs Weighed Per Day r 42 1.9
Cars Repaired Per Day 38 43 153
Tratlers & Containers Loaded ot |
Unloaded Per Day 3% ! 0. 19
Avarage Tizme In Yard (Hours) 21l 22 n
Inbound Road~Haul Trainas Per Day 3 14 27
Outbound Road=-Haul Traina Per Day .§ 14 25
Local Traina Dispatched Per Day 2 k] 5
Hump Engine Work Shifcs Per Day 3 5 6
Makeup Engine Work Shifcs Per Day 3 b 1
Induserial Engine Work Shifts Per Day 2 2 10
Roustabout Engine Work Shifts Per Day 2 1 4

[] Data used for noise exposure model

*Range of number of rail cars classifiad per day

419
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-TA3LE 12

Average Facility Rates for Flat

Classification Yards

Activity Paramater

Traffie Rate Category

Low Mediuz High
(<500;* (500 to 1000+ (>1000°
[No. of Classification Tracks 14 20 23] E
Standing Capacity of Classificarion Yard 643 98& 1185
[Cars Classified Per Day 288 711 1324]
Local Cars Dispatched Per Day 72 23 182
Induscrial Cars Dispacched Per Day 47 69 12i
foad-Haul Cars Digpa:ched Per Day ' 218 b 932
Cars Raclassified Per Day 60 L9b 3.8
Cars Weighad Par Day 14 21 i
Cars Repaired Per Day 13 28 3l
Trailers & Coontalners Loaded or
Unloaded Par Day 22 a2 8
Avuirage Time In Yard {(Hours) 19 19 18 ,
Inbound Road-Haul Trains Per Day 3 6 19 E
Outbound Road«Haul Trains Par Day 3 7 1o
Local Trains Dispacched Par Day 2 3 il i
Industrial Engine Work Shifts Per Day 2 3 - !
Roustabout Engine Work Shifts Per Day 0 1 2
Switeh Engine Work Shifts Per Day “, 7 10 I

*Range of number of rail cars clasgified per day

[] Data used for noise exvosure model
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Tablel3
Averacge Activity Rates for Flat Industrial Yards

. Yard
Yard aActivity Descriptors Activicy
’ Lavel

Inbound Road-Haul Trains Per Day 1
OQuthound Road-Haul Trains Pep Dav 1
Local Trains Dispatched Per Dav 1
Cars Switched Per Day 140
Switch Engine Work~Shifets Per Day 3

Table 14 °

Average Activity Rates for Small Industrial Flat Yards

Yard
F-\ fard Act{vity Descriptors Activiey
e Level
Inbound Losal Truins Per Day 1
Cutbound Local Trains Per Day 1
Cars Switched Per Day 30
Switeh Engine Work-Shifts Per Day 1

™ _ -]
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TABLE 15
RANGE OF TRAFFIC RATE PARAMETERS
FOR CLASSIFICATION YARDS*
Hump
Low  Med  High
# Rallecars Clagsified Per Day < 1000 looo  >2000
to
2000
e Total Switch Engine Shifts
Par Day <12 12 > 22
to
22
o Total Inbound and Outbound <24 24 > 44
Trains Per Day to
: 44
e Area** of Clasaification yard <2 2 »4
{millions of aq. ft.) ’ to
» 4
e Number of trains per day
Inbound 8 14 27
Qutbound (road) 8 14 25
Outbound {local) 2 13 5
e Make~up awitcher shifts/day 3 6 11
Industrial switcher shifta/day ' 4 3 14
Othdr switcher shifts/day , 2 1 4

*FRA data

**Area = dgg % Yeq; where dgq = 2 X Ne X de/Nt; and

Wog = Nt x dt. Nc ="No. cars/day, de = car length (65 ft.),
Nt = No. of classif. tracks and dt = disgt. between tracks (15 £t).

< 500

<12

<1

nNww
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W~ th

-

>13

»12

»2
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derivation of |lie area estimates is given at the bottom of
Pable 15. Thu=, when the key activity parameters are not
provided, a mal of the railyard can be used to compute the
classification vard area by multiplying its length (from the
master retardet end to the inert retarder end} by its width
{outer track on one side to the outer track on the opposite
side). Then, I comparing the resulting area to the area

ranges shown it Table 15, a judgment can be made regarding the

traffic rate vategory for the yard.

Examples € activity survey response data for a hump and
a flat clagsiCication yard are shown in Tables 16 and 17,
respectively. The first part {a} of each table gives monthly'
and daily erarfic data, while the second part (b) indicates
activity rates by shift (1,2, and 3) for a typical peak

activity day.
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16 {a) Example of Humm Classification Yard Activity

*What percent of your total handling capacity is represented by the paak day

figure?

75%

Table
Survey Response From Rail Carrier
™
For the following questions, please provide your estimate for the
average month, typical peak month in recent past, and typical peak
day.
e |
aak Mo, ypical
)‘Jn.-g.+ in Recent Peak
Month Past Day
a. est.No, of trains and transfer
runs arriving/departing (exclude .
through trains)
1. Trains
‘ 2. Transfer 275 '1?300 36
! b. est.No, of through trains P 480 540 22
: c. est.Switch-engine tricks worked
1 by:
{ 1, Switch engines 507 544 18
LN *2. Road switchers n 3 1
i : 3. Road power tempor- - ——— —
; arily assigned to
i switchar service,
i d. #at.No. of cars handled {single 69,500 76,500 3000
j count)* -
! @, est.No, of cuts handied. 3565 3900 - 130
f f. est.No. of mechanical reefers — — —
; spotted -
i} g. est.No. of mechanical refrigerator | ... * — ——
; ' trailers and/or containers spotted
g
! Additional or qualifying comments Pre-Trip mechanical refrigerators on
g tho rip track 5 days a week, averging 30 to 75 cars o day, dapghding ea
’ the season of the year,
l . +Numbar of days yard {s worked in average month 30 “
i
]

.
!
e M o, L bt
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Tapie _lo (b} Hump Yara Exanple

Fgr the peak day, please provide your estimaza’of the fallowing
information for those items that apply to this yard.

_ First Trick®  Second Trick Third Trick |

First [ Second| First Secondf First | Second
4 hrs | 4 hrs. |} 4 hrs, | 4 hrs.] 4 hes. | 4 hrs.

&, No. of trains and :ransf;er
runs arriving/departing.

1- Trﬂins - 12 1 1
2. Transfer runs 0 3 05 . 15
b. o £ time of switch engine 0 10 100
- tricks worked in yard. 100% ok % 100% | 1008 | 1003
o % time of switth engine

15

el

tricks workad at industry, | ~—= —_— -—_ - —_— ——
o No. of switch engines
parked idlae in yard. — —_— — — — ——
o No. of road enpines
parked fdle in yard. -— —— — — —— —
¢ No. of switch enginas
‘o Nara?%oad engines working f_.. * i_ _f__ f_- f 5
¢. Mo, of cars handled, singie - i
ecount, - i 500 500 500 200 500 500
d. No. of cuts handled. 25 21 20 20 22 22
&, No. of mechanical refrigar-
ator trailers and contafnars | —= - - i = —
sat out. ) .
f. No. of machanical reefars —_— — — — — ——_—
. sat out.
4. No. of cars dalivered to
bulk facility. - — — — B -—
.| h. No. of cars delivarsd to . '
TOFC/COFC faeility, - = - - Sl i
1. Estimatad number of road
trucks arriving at this — — - P — —
yard {not hostler trucks), »
. No. of cars hauled through
! fnert retardars, : | 300 270 50 250 280 280
k. No. of enginas load tested 1
at aach tast cell, 0 0 0 0 19 )
COMMENTS .

* Please specify hour of the day for start of first trick {for exampla -
7AM, 8:15AM) _ 7am - Bam .

+ For many of *ha £_t¢ms ckove, cdeteiled data ore not recdily cuailable.
Ve recogniza that resgonzes tharefore, will e eszimctes bosad on your
exseriencd.
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Table L7

Survey Response From Rail Carrier

{a) Example of Flat Classification Yard Activity

For the following questions, please provide your estimaze for the

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

day.
Typical
. Peak Mo. | Typical
Avg. in Recant Peak
Month Past Day
3. est.Np, of trains and transfer
runs arriving/departing {exclude
through trains) ' :
1. Trains 1320 1440 48
2. Transfer 390 440 15
b. est.No. of through trains . 360 366 13
¢. est.Smwitch-engine tricks worked
by: .
1. Switch engines 900 830 i35
2. Road switchers 0 0 v
3. Road powar tempdr- Q 0 a
arily assigned to
switchar sarvica,
d., est.No, of cars handled (singla 120,000 {135,000 4200
count)* .
a, egt.No. of cuts handled. 6000 6510 ém
f. eat.No, of mechanical reafers
spottad
9. agt.No. of mechanical refrigeratar | 4500 T 5000 T 250 T
trailers and/or containers spotted | 1500 ¢ | 2000 ¢ 125 ¢
Additional or qualify{ng comments
+Number of days yard 15 worked in average menth 31 '

*What percent of your total handling capacity is reprasented by the peak day

figure? 100 %
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Table i {b) Flat Classification Yard Example

For the veak day, please srovide your es:a:.-.a-:c*of the follawing
information for thosa items that apply to this vard,

[
_ Firse Trick® Second Trick Third Trick
First | Second| First Secondy First | Seccnd
4 hrs | 4 hrs. | 4 hrs, | 4 brs.] 4 nrs. | 4 hrs.
4. No. of trains and transfar
runs arrfving/departing. .
1. Trafns ' 8 4 7 8 10 7
. 2, Transfer runs 2 4 3 2 1 3
b. 0 Z time of switch enaine
tricks worked in yard. 100% |100% 100% 100% 97% 97%
o I time of switech engine .
tricks worked at industry, 0 0 0 0 3 3%
0 No. of switch engines 3 2 3 2 3 3
parked idle in yard.
0 No. of road engines 3 o} 2 4 5 3
parked idle in yard.
o No. of switch enginas 12 12 13 13 10 10
. 'mrkipg. .
a No. of “Foad angines working 0. Q q 0 Q g
€. No. of cars handlad, single
count. . 750 650 700 200 700 500
d¢. No. of cuts handled, 50 30 45 25 35 25
e. No. of mechanical refrigar-
. ator trailers and containars 0 0 0 0 0 0
©set out. ’
f. No. of mechanical reefers 0 0 0 0 0 g
sat aut,
g. No. of cars delivered to 0 0 0 0 0 a
bulk facility. :
n. No. of cars delivared o 3% -
TOFC/COFC facility. 70% | 102 7 mlpoE 3
i. Estimated number of road I 0 0 0 0 0
trucks arriving 4t this
' yard (not hostler trucks), -
J. MNa. of cirs hauled through
inart retarders. 0 0 0 0 0 0
k. No. of engines Toad tested 1 i] ] a 0 g
at sach test call.
COMMENTS .
' * Pleass specify hour of the day for start of firs't trick (for sxample -~
\ 7AM, 8:15AM) 2:00 a.m, .
* For many of the iiams ctove, detciled daza are not recdily cuailcbia,

B e e B P

We recognize that respomses tharefore, will be daiinases csed on your

sxreriance.
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e It is assumed that the number of load tests per day
is eqgual to the number of locomotives tested per day
at "each cell" (as reported on the survey) times the
number of load test cells reported. '

e The number of idling locomotives is determined from
the peak day distribution given in the survey return.

e It is assumed that the number of refrigerator cars
"spotted" means the number operating in'the yard during
a 24 hour pericd,

e The number of inbound and outbound trains of each
type {road-haul vs. local) is determined by ratiocing
the activity survey return data according to the yard
type average values previously given by DOT (per
Tables 11 and 12. .

& The number of cuts moved by the make-up industrial ;
switchers in hump yards is determined by ratioing
the total number of cuts/day listed in the survey returns
by the average numbers of switcher shifts per day given
by DOT {see Tables 1l and 12).

For hump yards with two separate hump c¢lassification 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.s
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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 DOT/FRA are given {in Table

Table 18. - Raflyard Humbers and Distribution by types and Traffic Rate

Category
Traffic Rate Category
Yard Type

Low Medium High . Total

Hump Classification 46 47 3 124
Flat Classification 571 3s7 185 1113
Industrial - - - 1381
Smail Industrial - - - 1551
4169

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

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

Yard Type Low Med{um High " Total
Hump Classification 44 51 29 124
Flat Classification 476 346 J3o 952
Industrial - - - 838
Small Industrial - - - 1719
3693
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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 heen
described in Section 2.9 (gsee Tables 4 through 10).

This section discusse§ further the derivation of dimension and
activity rate data and associated assumptions,

Classification rall vard complexes are typically composed
of yard areas with three separate functions: receiving, classi-
fication and departure. 1In 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 retardera, which are not found in £lat yards, the
diastribution of sources in flat yards assumed to be generally

a8 shown in Table 20, However, the other flat yards do
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not perform 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 .
indicated that, in general, switch engines 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 Tabl? 21.

The noise source and recelving 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 generatien equatioés (or models) developed for
each type of rail yard noise source are given in section

a.l. The noise generation eguations are developed in terms of
Lgn for each type of source. The Lgn value for each yard source
is computed using the empirical data base on rajlyard source

noise levels, and from the yardéd activity survey data. .
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o~ Table 20

CLASSIFICATION YARD MOISE SCURCE GROUPINGS AND DISTRIBUTICN BY
COMPCNENT YARD TYPE*

! Receiving Yard Classification Yard Departure Yard

Makeup
‘ Hump Retarders (Master Switchers
Switchers and Group)
Source Source TOFC/COFC Source.. Industrial
: . Location {a} location (b) : location (d) Switchers
; Area Inbxaund Area Idling Locoaoeives  Area
! Trains Load Tasts Outbound
: Car Impacts Trains
E TCFC/COFC
: Source Inert Retardsrs
Location (¢} Refrigeration Cars
i Arsa Car Impacts
e
¥ —
!
|1 .
*Except for retarders, source cperations and distribution are similar for
claggification flat yards.
F's
.'/—\‘,
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Table 21

INDCSTRIAL AND SMALL INDUSTRIAL FLAT YARD NOQISE SOURCE GROUPINGE

Industrial small Industrial
Noise Noise
Source Source
Area (a) Inbound Trains Area (a) Inbound Trains

Switch Engines

Switch Engines

Area {b)

Car Impacts ' Area (b)
Quthound Trains

Car Impacts
Outbound Trains
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3.2 Scource Location and Receiving Area Dimensions

The source locaticns and noise impacted area (receiving
property) dimensions are determined from railyard area maps and
land use analysis overlays at each sample railyard for each of
the land use segments designated residential or commercial.

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 ag shown in Table 10. T T

The length of the receiving property generally parallels
the tracks in the railyard, and represents the travel distance
for the corresponding moving sources impacting the area. Also, .
noise barrier walls regquired to meet various alternative facili-
ty noise emission standards are assumed equal in length to the
impacted area. The width of each area is the distance from the
boundary of the receiving preperty 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 1is used to determine the distance fram noise bharrier wall
placement (at the railyard boundary} to the noise receiving area.
The noise receiving area is always assumed to begin at =~ 2 50 f£t.
beyond the noise wall pesition.

A diagram for an example hump yard configuration, with
source lecations and surrounding land use patterns, is shown in
Pigure S. | In this typically complex configuration, there
is one hump area, but two receiving and two departure areas.

Stationary source locations are determined from the USGS map
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Figure 5. Example of Complex Railyard Conflguration -
High Volume Hump Yard, Flat Rock Yard,
Detroit, MI

CACI Study A
y frea Population assumed located

only in residential and/or
cammercia) land use

4

-~ Luu‘r‘f'-.-i
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_~-" FpIC Study Area
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‘% Rail Yard a
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I, A, & U: Industrial, Agricultural, and Undeveloped

MR: Master/Group Retarders 1': Load Test Cell IL: Idling Locomotives
HS: llump Switcher IB: Inbound Trains CI: Car Coupling Impact
IR: Inert Ratarder OB: Outbound Trains I1S: Industrial and other
MS: Make Up Switcher RC: Refrigerator Cars Switchers
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of the railyard area, from yard configuration analyses conducted
by EPIC, and from railyard drawings attached to the activity sur-
vey returned by the rail carrjer. The moving source locations 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 assﬁmed to operate out of the inert retarder end of the
classification area. 1In-bound and out-bound trains a}e assumed to
operate in the receiQing and departure yards, respectively.
However, the location of operation eof the industrial and other
switchers is not defiped by the available information, and arbi-
trary assumptions for the location are reguired. A practical
assumption is to divide the operations between the receiving
and departure areas at each end of the railyard complex. Also,
in this case it is assumed that the in and out bound trains are
evenly divided between the two receiving and two departure areas.
Examples of dimensional parameters for this case are indi-
cated on the diagram in Figqure 5. Even though the receiving
properties (Rl, to R4) are irregular in ghape, 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 sgide of
each area at an average distance from the source. The source to
recaiver distances, and lengths and widths of the area are

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

Inbound/Outbhound Read-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-bound trains
were assumed to have one locomotive (NL = 1). Train opera-
tions are assumed to take place within the receiving and
departure yard components at a speed of approximately 5 MPH.
The number of pass-bys (NP}, number of virtual sources (NV),
number of events per source or train (NES), and event pro-
bability (EP) are all equal to a value of one. For each
sample yard the arrivals and departures are assumed to be
uniformly distributed over the daytime and nighttime shifts
and were divided between the shifts (NED and NEN} according
to the corresponding activity survey data. The number of
each type of train was obtained by raticing the total pum-
ber in- and oput-bound trains with the average inbound, out-
bound, and local trains for low, medium, or high activity
category yards (per Table 11).

Hump Switch Engine Operations

Hump engine operations are assumed to operate between
the receiving area and the clagssification 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
eaach sample yard represents the total cuts per day worked
by the hump switchers. The number of total pass-bys for
hump engine cuts is computed by multiplying by two. The
factor of two accounts for the number of passes 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, ete.) are egual to one.
The distribution of number of cuts during daytime and night~
time {NED and NEN respectively) is determined from the shift
data given by the activity survey for each sample yard.

Retarders-Haster, Group, Intermadiate and Track

The master, group intermediate and track retarders are
modeled as a grouped point source located at the goemetric
center of the retarders. The Lgn resulting from cars '
passing through the retarders is determined from the number
of cars classified per day, number of retarders passed by
each car and the percentage of cars which cause retarder
nolse events. Examination of the available data indicated
that on the average sach car classified passes two retarders,
and that retarder squeal occurs approximately 50 percent of
the time. Therefore, the number of noise events per source
{NES) is 2, but the event probability {EP) for each retar=
der stage is 1/2. The values of the other activity para-
meters (NP, NL, and NV) ia one. However, since the retarder
group represants a fixed point source, the wvalue for N (the
divergence loss exponent) is 2. The number of noise eventa
(NED and NEN) is assumed equal to the day and night shift
data, as given by the activity survey data.

Inaert Retarders

Inart retarders are modeled as a grouped point source
located at the gaometric center of the retarders. It is
assumed that each car leaving the classification yard passes
one retarder (NES = 1) and that approximately 85 percent
produce a noise event (EP = 0.85). Kowever, the number of
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events (NED, NEN)} for each sample yard was assumed egual 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 two groups cof stationary
(virtual) gources (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
nne-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 Switeh Engine Operations

Makeup, industrial and other switch engine operations
are modeled as moving point sources which operate in the
raceiving or departure component of the hump vard 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 egual to the number “hand-
led" (classified) per day, and the total number of cuts is
the same as for the hump switchers. The make up and indus-~
trial switcher cuts are ratioced according to the corres-
ponding work shifts indicated in Table 1l. The day and
night periecd events (NED, NEN) is determined frem the total
number of cuts, and the cuts per shift data given in each
activity survey return. The total number of pass-bys per
switcher per day is determined by multiplying the numher

"of corresponding cuts by 2 (NP = 2). The value of all

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

Both idling locomotives and refrigeration cars are
modeled as grouped stationary sources located as indicated
by the survey data for each sample yard. This is considered
appropriate since, in general, the distance to the receiving
areas are such that the sources appear to be concentrated or
superimposed. The variable activity parameter values
required (NHL, NUl, 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. 1In the
absence of more specific data in the activity survey res-

vf'} ponse it is assumed that one é-hour test was performed per
day with 4 and 2 hours of operation occuring during the
daytime and nighttime periods, respectively. Otherwise,
the load tasts are assumed conducted durinc the 4 hour
pericds indicated per shift by the activity survey data.

3.3.2 Prlat Classification Yards

-
Inbound/Outbound Road-Haul and Local Train OQnerations

As previously discussed, it is assumed that local and
road-hauel trains entering and road-haul trains leaving the
classification yard complex are powered by three engines
and local departing traing use only lecomotive. 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,

and Roustabout

Industrial,

Switch engines are assumed to operate at the receiving
and departure areas in each end of the classification area
"The
rationale used in determining the operational parameters is
similar to that discussed for the makeur and industrial
switch engine operations in hump yards. it is
assumed that the total number of cuts per day given in the
activity survey data for each sample railyard is divided !
between the cladgsification switcher and the other switchers.

at a speed of approximately four miles per hour.

Howaver,

Sw;tch engine operations are modeled as two separate
yard sources (NV = 2), cone at each end of the yard complex.
It is assumed that the switch engine operations are equally
distributed between the two locations.

Car Impacts

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

Idling Locomotives and Refrigeration Cars

The assumptions and parameters are the same as for the
hump yard case, as previcusly discussed.
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Locomotive Engine Load iTests

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 occuring during the daytime and nighttime periods,
respectively, unless indicated otherwise, by the survey data.
{Sea discussion under hump vards).

3.3.3 Industrial Yards ¢

Inbound/Outhound Road-Haul and lLocal Train Ooverations

The acﬁivity parameters and assumptions are the same
as discussed above-for hump and flat classification vards.
The distribution of number of road-haul and local train
operations 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 Engine Operations

Switch engine operations are modeled as moving sources
that travel the length of the yard. The rationale used in
determining the cperatiocnal parameters is the same as that
discussed above for the flat clasgsification yards, except
that only one virtual source is considered, since this
type of flat yard ig too small to warrant switching at both
ends simultanaously.

Car Immacts ;

— Car impacts are modeled as two groups of stationary ) !
sources located at each end of the yard complex (MNV = 2). :
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It is assumed that the total number of car impacts is egual
to one-half the number of cars switched per day (EP = 0.5).

3.3.4 8Small 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 vard, and arrivals and
departures are distributed over the davtime and nichttime
periods according to the activity survey data for each sample
yard. The distribution between inbound and outbound trains
was assumed equal to that shown in Table 14.

Switch Engine Operations

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

Car Impacts
e

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

3.3.5 TOFC/COFC Qperations

There are two predominant noise sources - diesel
powered cranes and hostler trucks - in the TOPFC areas.
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It is assumed that two trailers are unloaded and lcaded on
each flat rail car.

Crane lift - 4 work cycles per flat car
Hostler truck - 2 work 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. )
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4.0 Use of the Mcdel 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 and under-
standing the program or computer code are provided in the
companion documents - Volume 2, RYNEM User Manual, and
Volume 3. RYNEM 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 then
the LWP and PE values} and benefits (LWP raductions) and
costs for each case where noise barrier walls are consi-
dered at the railyard boundary to reduce the noise levels
to the alternative noise limits at the receiving properties.
In addition, for the bagseline case, the LWP and PE values
in successive 34B intervals are computed for each and sum-
med to obtain yard totals, and can be printed out if
reguired.

The model can be used to computelshe noige levels
impact (ENI, PE) values, and noise reduction benefits and
costs for an individual rail yard or a number of sample
yards - eithar of tha 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.
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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 degrees of detail, of out~
put data summations:

Level I - Grand totals for all yards
Level II - Lavel I plus vard-by-yard totals

for all sample yards

Level) III - Levels I and II plus output cata for

each socurce and each area at each
yard.

The level I cutput identifies and lists data totals

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

Number of yards in sample

Sample totals for PE, NI, ENI, wall costs, feor

7 cases - baseline, Lgp receiving property limit=
75, 10, 65, 60, and 55 &B, and using maximum wall
height (30 £t.) .

The number of railyarés, out of the number in the
sample railyards, which are already compliance at
each of the alternative receiving property noise
limita without the use of nois? barrier (walls)
at some leocation along the zailyard boundary.

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

Total values of all these parameters (sample and
projected) for all hump classification railyards,
and then for all the other types (flat yards) com-
Bined. (The grand totals for all types of yards
combined are cbtained manually).

Sample and projscted total PE and ENI values in
successive 3 dB increments (55 to 58, 58 to 61,
atc,, to »82 dB) for the baseline case for each
type of railyard, then for all hump vards, and
then for all other types (flat yards) combined.
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The level II output, in addition to the level I output
listings, includes for each of the sample railvards analyzed
the following data:

e Total PE, ENI, AENI, and wall costs for the
railyard at each of the alternative study cases -
baseline, receiving property Lgn limit = 75, 7q,
65, 60 and 55, and maximum wall height.

e Number of receiving areas, out of the total number
for the yard, where the noise limit is achieved
{by using walls at the yard boundary) at each of
the alternative limits.

e Whether the yard is in compliance [ the noise
limit met) without using noise barriers at each
of the alternative limits.

s Total ENI and PE values for the receiving areas
at the yard in each successive 3 4B interval - Lgp
= 55 to 58, 58 to 61, etc., to >82 4B.

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 recelving property at each railyard for
all yards analyzed. The output for each railyard consists of
the follewing data:

For each railvard;

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

& Local average population densgity, fraction of
land in residential and commergial usage, effective
residential population density, and background
noise level

8 Number of residential and commercial areas included
in analysis.

Por each receiving property:
s Area I.D. number, length and width

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

e Number of moving fixed sources impacting the’
area

# Industrial and residential building insertion
loss factors.
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Baseline Case
e EFach source - Lan, Leg(l)max, and L., at DN
s Composite Ly, (all sources plus background} at DN

8 Total ENI and PE
® ENI and PE in each 3 dB interval (55 to 82 4p)

* Alternative Noise Limits
(Composite Lg, limits = 75, 70, 65, 60, 55 4B)
® Lgn, Leqg(l)max, and Lmax to DN for each solirce.
e Composite Lgy
© ENI and PE
& AENI (re. baseline ENI)
& Wall height and wall cost

Maximum wall height case (30 £t)
@ Same data as for alternative noise limits.
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4.2 Level I OQutput

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 6 out of the 7 sample
yards are in compliance at the Ldn = 75 dB limit without the
use of noise barriers along the railyard boundary, whereas
only 1 of the yards is in compliance at the 70 dB limit.

The total population of medium volume hump yards is
estimated at 51 (PROJECTED #¥D), and thus the projected total
ENT for the unregulated case {BL) is 25900. Note that if
noige barriers (walls) are used to reduce the noise levels at
all of the yards to the Ly = 65 4B limit, the projected bene-
fit (DENI) and cost for the total yard population are, res-
pectively, 13800 and $15.5 million., Thus a reduction in LWP
of 52% is achieved.

Ll

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

a0

S e T G
AR MNP P S LT




AR o A AT

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 vards 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 Lan =
73 to 76 4B range is 121 for all hump yards in the U.5. For
comparison in the 67 to 70 dB interval the projected total ENI
is 5000.

4.3 Level II Output

In addition to the grand totals of the output data listed
in Tables 22 and 23, the Level II output selection results in
listings of the data totals by sample yard for each individual
railyard included in a batch run. An example of the Totals
for Yard for one sample railyard is shown in Table 24, This
listing of totals is obtained from the example hump yard area-
by-area data (Level III output) listed in Table 25, and dis-
cusgad in section 4.4.

The data in Table 24 indicate that the total baseline
ENI resulting from the noise sources at this particular rail-
yard is 520, and that the yard is in compliance (IC = 1)
without the use of walls at the boundary only if the noise limit
is 75 dB or greater. (IC = 0, ag at the other alternative
limit cases, means the yard is not in compliance at that limit).
Also indicated under the NA column are the number of receiving
areag at the yard where the noise limit is met for each of the
alternative limits after a wall is considered at the railyard
boundary. The output data in this case indicate that use of
walls at the yard boundary can reduce the noise levels at all
5 of the impacted areas to each of the alternative limits down
to Lap = 60 dB,
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Table 22{a}.

GRAND THTaL FOR ALL YaRaS
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Level I Qutput Listing - DBaseline and Alternative Limits
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Table 22{h).
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Table 23{a). Level I OUtput -~ Baseline
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Table 23(b).
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Level I Output - Bageline Case, 3JdB Intervals
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Table 24,
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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 Il output plus area-~-by-area data for each
sample yard are listed when Level III output is selected. An
example of scme of the area-by-area data for one sample yard
is shown in Table 25. This sample railyard is the Airline
yard in Milwaukee, Wisconsin, and is a type 1, or low traffic
volume hump classification yard.

The local average population density is 10,152 people
per aquare mile, and 433% 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 Lgy,
(BKGD) is 62 dB. The #AREAS column indicates there are §
residential or commercial areas exposed to railyard noise.

Area Rl, for example, is 1500 ft. in length and extends
for at least 8000 f£t. (width) away from the railyard. The
distance (DNM} from the moving sources affecting Rl to the
nearest side of Rl is 250 £t., and the distance {bB), from Rl
back to the railyard boundary is 100 ft. The analysis of the
railyard data indicated there is no attenuation of the noise
due to industrial buildings (DI = 0) in the 100 £t. wide strip
hetween Rl and the yard boundary. The attenuation (or inser-
tion loss) due to residential buildings on Rl is estimated at
B d8 (DR = 8) as a result of the relatively high local average
population density (10152).
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Table 25(a) Individual Railyard Data Included in Level III
ALMLINE g PILAAUKEE» Wi Liw ¥UuL huel
FOP LLK USAGE EFF PDF BRED 3 AHEAYS
10182.0  0u43 236091 6241 2

AREA  LEMGTIE WIODTH op Bl CROMM DHF KES MBS
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Table 25(b). Individual Railyard Data Included in Level IIT Output :
LEVIL  PE ENI oLyl ¢ost watL .
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There are 3 moving sources (NMS =3) generating noise
raeceived at Rl - hump switchers (HS), inbound trains (IB),
and outbound road-haul trains (OBl)., There are no fixed
sources at this location (NFS = 0, and thus DNF = 0}. For
the baseline (BL) case at Rl the noise exposures due to HS,
IB, and OBl are LDN = 64, 60.7, and 60.7, respectively. The
values for maximum Leq(l) (LEQ) and maximum noise level (LMAX)
at Rl ara also listed for each of the 3 sources. The total
or composite noise level at Rl (LEVEL), which includes a back-
ground level of Ljn = 54 dB (although BKGD = 62.1, it is
assumed as explained previously that BKGD is reduced to 54 dB).
is 67.1 d8. 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).
Note that for Rl the composite level {LEVEL) at DN is 67.1 dB.
However, the noise level is reduced by 8 dB (DR = B) 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 arqmalso listed for each
alternative noise limit (65, 60, and 55 in the case of Rl).
Thase values result from considering different height walls
at the yard boundary toc reduce the railvard noise to the
alternative limits. fThe impact reduction (DENI), wall costs
(COST), and wall height in ft. (WALL) are also listed. For
the Lyn = 65 dB limit, a wall height of ? ft. 1s required.
The wall cost is $55,500 and results in DENI of 32.2 which is
a 25% reduction in noise impact. These data are listed for
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each noise limit, and for the case (MW) where a maximum wall
height of 30 ft. is used,

The entire listing of the above type of data is then
repeated for each of the remaining 4 areas (Cl/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.
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