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RAILROAD NOISE IMPACT STUDY

Abstract
This paper reviews the current approaches to the predfction and
assessment of railroad noise impact. Methods for the evaluatfon of rajlroad
}1ne and railyard noise impact are discussed as well as outlines of the
Railroad Line Noise Impact Model (RLNIM) and the Railyard Noise Impact
Model (RYINM}. This report also describes a common analytical model which
is the Railroad Noise Impact Model {RNIM).The RNIM consist of three general
sub~models: noise generation model, noise propagation model and noise
impact model. This model can be used 1n many situations and different

countries.

Section 1 Introduction

The high energy acoustical nofse and vibration generated by maJQr trans-
portation modes, such as rail, highway and airiine, are a source not only
of annoyance and disconfort in humans, but also of fatigue and possible
structural problems in machinery and vehicles. A great deal of guidance
on dealtng with noise and vibration has been published by govermments at
all levels for a number of different reasons: to carry out public law
mandates to protect public health and welfare; provide for environmental
enhancement; or to integrate the consideration of noise in the overal)
comprehensive planning and coordination process. A1l of the policies address,
in varying degrees, transportation noise problems. The policies concentrate
on this noise source because transportatjon systems are a major source of

environmental noise,
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At the present time the EPA evaluates the noise portion of each
Environmental Impact Statement {EIS) in fsolation. It would be useful to
have a camprehensive study report, which describes the railroad line and
the railyard noise prediction and fmpact models, in order to estimate the

influence of railroad noise nation-wide,

Section 2 Railroad Noise Impact Model (RNIM)

2,1 General i

The railroad noise impact model generally comprises two major components:
ohe 18 prediction of the radiated sound energy caused by all moving and
stationary noise sources in the railroad transportation system, and the
other is evaluation of the community noise exposure and the Noise Impact
due to railroad operations. These two canponents are considered two
specific models: the Railroad Line Noise Impact Model (RLNIM) and the
Rajlyard Noise Impact Model (RYNIM). .

The common model RNIM for both the RLNIM and the RYNIM includes the
following:

1. Determmination of the reference sound level and associated sound
exposure Tevel (SEL) for equipment and facilities, e.g., locomotive, car
(passenger or freight) and railroad and railyard facilities,

2, Caleulation of the Day-Night Sound Level(Lgp) based on the traffic
flow and the operating times of the railroad facilities during the full

24=hour day.
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3. Prediction of the noise exposure in the community areas affected
by railroad noise. Correction factors are included for: distance attenuation,
sound barrier insertion loss, shielding effect of buildings, ground and air
absorption, etc.

4. Quantication of the areas affected by the railroad nofse and the
pbpu1atiun density in these areas.

5. Computation of the Equivalent Noise Impact (ENI)} in different Ly,
areas and determine the composite effect for all affected areas.

6. Evaluate the effects of possible mitigating actions such as muffler
retrofit on locomotives, installation of nnise barriers at various locations,
etc.

2.2 Basic Computing Formulas

A number of key parameters are needed in setting up the Railroad Noise
Impact Model. The primary parameter is the noise data measured in the field,
processed to obtain statistical average results. These data are used as
inputs to the theoretical formulas which based on general acoustical principles.

The railroad noise impact model incorporates empirical formulas which repre-
sent medifications, based on field measurements, of the theoretical formulas,
Some of the basic computing formulas for the Railroad Line Neise Impact Model

and the Railyard Noise Impact Model are discussed below.

2.2,1 Maximum A-weighted reference sound level {Lpax)

The maximum A-weighted reference sound level (Lpax) is defined as the
yreatest A-weighted sound level in decibels, measured during a designated
time interval or during an event, e.g., passage of a locanotive or rail car,

or operation of a facility or equipment.
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The measurement methed 1is described below:

The microphone shall be positioned four feet above the ground, and
on a Hne~perpend1cu]ar‘ to the track at a point 100 feet (30m) from the
track center line, The sound level meter (SLM) shall be used with the
“fast" meter response characteristic (13,

The Lmax 15 one of the most basic parameters. Usually, we take the
average value of several measurements of the greatest A-weighted sound
level for a railway noise source, as the Lpax for that equipment or event.
The tables 21020 and 2-203] show the Lpax values of different types of
locomotives and the major railyard noise sources respectively. Figure 2-1
shows the Lpax range and distributfon for locomotives as they pass the
point of measurement. These data cover a wide range of maximum scund
levels at a distance of 100 feet {30m); Lpax ranges between 77 dB and
96 ap [41, .

Equation 2.1 (5] 1s the fomula for calculating Lp,, of the passenger
cars and freight cars, based on field measurements.

For passenger car:

Lmax = 74 + 30 Log v/vp + 6dB 2.1
where
Lpax = maximum A-weighted sound level at 100 ft. (30m)

v =railcar speed in km/h {or mph), and
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TABLE 2-i Rt
SUMMARY OF STATIONARY LOCOMOTIVE NOISE LEVELS

Kofse Level at 100 Fo |

Locomptive Load )

Ner/Made! Device Ambient e Thrattle & Sturce
OH/nP=9 Load Cold - 67" aba 69 dua? Appendix A
GH/BP=)B~2 Sc1f Lodd - 6645 dBA? 92 dpal Appendix €
CH/GP-% Losd Cel) - [1- Ty 89 aaat Appendia €
KLW/H-A20% Load Ceil - 65  dhat 87 dsa’ Appendis D
GE/RIEC Self Load | 57 aba 68 dhg 87 dna State of
Moad Ho. 3322 New Jersey
Rated 31600 hp
GEsUIEC Load Cell | 55 dDA G5 dbA 40 dba State of
Aoag ke, 3322 . . Hew Jersey
tated 3600 hp,

Actyal 3568 hp
SEsuANCH Load Cedl | 57 dpa 70  dBal 87 dba atate of
Noad No, 3358 New Jersey
Retad 3A35 np, :
Actual 3597 hp
CHASDAS-2 Load Cel) | 60 dPA 66 dbp g1 ada - | Stafe of
Avad Na. 3680 New Jeraey
Mated 3600 hp,
Actunl 3840 hp
GE/U25D Load cel) | 64 dBA 10 dEA 92 dpA State of
Aoad Mo, 2502 Haw Jeraey
Rated 2500 hp,
Actual 2375 hp
Aleosohad Load Cell | 6% dBA T2 dBA 89 am' State of
Road No, "2406 . New Jersey
Rated 2000 hp,
Actual 1760-2297 hp

{surging) -
oE.n3Ie Load cod1 | 60 dba | 69 am 90 dea | stace of
foag No. 3324 . New Jersey
Rated 3300 hp,
hetual 3278 hp .
OM/GFa9 Load Cedl | 61 aba [ {1} 92 dba State of
Koad lo, 1262 . New Jersey
Rated 1750 hp, .
Actual 1870 hp B
aH/gM=1% Load Cell | 549 apa [ 111} 86 am State of
Road Ho, ‘2556 Hew Jersey

Rated 2500 hp,
Actyal 2420 hp

‘Hicnides) seat aite, ususlly becausc of sound-reflscting objecta within 100 ¢
of locomotive of Blcrophont.

"l‘halnontrnl Locombtive Works N-A20 modsl 13 verfy aimilar 50 the Alco E=A20
[TIST . .o

SAL A50 Ppm.  This locomotive can hive three 1d1ing conditions depending on the
elactrical requiressncs (heating, lights, &to,) of the pAssenger cars,

‘Tnis tast considersd pot representative since the Angzins was not developing
full power,




Table 22 soupce WOISE LEVEL® SUMMARY

(dBA)
funbey of l - T T
foise source easurements Loa Leq (Hork cycle) Ls ar YLeq(lﬂ
Master Retarder; Mr 10 " m - . 168
Group, Track and . i : .
Intermadiate
Inert Retarder R 96 93 - ‘. 90
Flat Yard Switch Engine Ref. 11 90 17 - 94 {4, MPH)
Hump Switch Engine, Ref, 18 90 78 : 95 (4 MPH)
{Constant.Speed) , . . . .
In-or-Gut- bound Locomotive| Ref. - 18 : 90 78 ;95 (4 MPH)
1dting Locomotive IL 27 " ) 65 (<2500 HP) "'[66]
" 55 67 2500 HP) .
Car Impact €1 164 99 o : 94
Refrigerator Car  RC 2 S k! , 67 [67]
Load Test {High Thmme) 59 : 90 87 . o fan
Crane L1ft Ref. 19 83 79 . 106.5
Hostler truck Ref, 19 a2 : 65 © 94,5
Rail ng CSmmad? ] ,, 988 94
lear Cupling Cloedt} 13 ,l'cl,ol wm) 4ns 920 [[6HPH]
os Cor ealghh 317 §5.8 [4HPW)
ToFe ooFe Jord fe€. 19
Crvane - ligt 83 19 (dnin) 1665
Gout - Truck * 82 65 (15min) Aty

* A-vraighted Average at 100 ft.
an L ﬂuaro.r,a Si-nah Event Lopel or 'S.uale-ﬁ'ucn:‘ Hoige Exprsive. Lovel (5ENEL) LS Lowar® lOb&Af
rax TORC = Tmilers-0n —Flat = Car  COFC = (ontainer ~On = Flat = Cqe :

(o’c‘,ﬁ' 9550
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Fig, 2-1 Distribution of A-weighted sound level
for three types of locomotives

condition of wheels and rails on wayside noise—tangent (straight} track [9] A

TABLE2-}-Correction factor (Cyr to account far effects of type and

Wheel or Rall Condition

Gur )
Typleal Value (Range) dBA

Rough welded rall |
Rough wheels + . -
Corrugated rall
Wheels with flats
Jointed tail
Passcnger cars
Freight, mainline track
Freight, low speed track
Switch

Wheels with damping treatment
Wheels with reslliently mounted rims

4(3t06)

5(3 t086)
10 (5 to 15)
12 (710 15)

7(41t010)
1(0103)
6 (4108)
6(5108)
-1 {0 10--2)
~2 (0 to ~3)

4These correctlons are applicable when wheel-rail nolse is the dominant )

source of wayside noise,

BTo be added to lovels for railears with trued ordinary stecl wheels travel-

ing on smoath continuous welded rail.

7
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Vp = reference speed in 60 km/h (or 37 mph),

The data used in obtaining Eq, 2-1 are based on more than 50 measure-
ments including both unpowered and electric self-propelled passenger cars
at more than 20 sites. Ninety percent of the data lie within the range
defined by Eq, 2-1, The passenger cars trave! on at-grade tie and ballast
track with continuous welded rail,

For freight cars:

L max = 81 + 30 Leg ¥/Vy + 6 dB 2~ 2
The running conditions are the same as Eq. 2-1.

The running conditions in Eqs. 2-1 and 2-2 were on at-grade tie and
ballast track with continuous welded rail, If the railcars run on curved
track or a transit car rans with flatted wheels and on rough welded rail,
then the sound levels will be higher, In this situation, we use Tahle 23
to correct the wayside noise., The maximum pass~by noise level decregses
with distance from the track, in the absence of obstacles such as noise
barriers, buildinys, etc,, this decrease is due to spreading of sound
energy, attenuation of the sound energy along the ground surface and
absorption in the air. Each of these correction factors is added to the
maximum A-weighted pass-by level at 100 feet (30m), We will discuss these
correction factors in later sections,

2.2,2 Sound Exposure Level (SEL)

The sound exposure level (SEL) is often used as the basis for com-
puting various noise exposure indexes such as Leqs Ldn and CNEL. It
reflects the total sound energy received from a single event such as a

train pass=by.
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The SEL of a group of locamotives (n )passing by a fixed observer
at perpendicular distance {rg)from a track is approximately:
(SEL)|, = Lpax + 10 Log rgn /v 2-3
vihere
Lmax = the value for a single locomotive
v = Jocomotive speed in ft/sec, and
n] = number of locanotives
In EPA's view,[zj experience with actual pass-by measurements
indicates that 10 log ( rp/2v)aives a better approximation to the data.
So the Eq. 2-3 should ba:

(SEL)L = Lmax + 20 Log rg ngf2 v 2-4

The SEL for railcars 15 expressed as:

(SEL)¢ = Lpax + 10 Log Tgc 2-5
where .

Tge = effective duration of the train pass-by
A relatjonship for Tgc which agrees well with available theory and
data is;
Tee = Vv { 1+ 1.2d/1) 2-6
where
d = distance from the track , m ( ft }
1 = train length , m (ft}, and
v = train speed , m/s (ft/s).
The EPA proposes calculating SEL of freight cars as £al,
{SEL)p =72 + 30 Log v/20 + 10 Log t 2-7
where
v = train speed {mph)

t = train passing time (s)
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The resuits computed by Eqs. 2-5, 2-6 and 2-7, are in reasonably
close agreement,

The total (SEL)T for a train is the energy sum of the Jocomotive and
railcar generated noise exposure levels, SELy and SEL|, respectively. The
total (SEL) 1 1s expressed as:

(SET) = 10 Log [ Log™l(SEL /10) + Log™}(SEL()] 2-8
2.2,3 Day-Night Average Sound Level, Lgp

The day-night average sound level (Lgn) is the basic noise metric
used by EPA. Lgp means the 24-hour time-of-day-weighted equivalent sound
tevel, for any continuous 24=hour period, obtained after addition of 10 dB
to sound levels produced during the hours from 10 p.m. to 7:00 a.m. For
any given type of train operation Lq, may be canputed from equation 2.9:

Lgn = SELT + 10 Log N - 49.4 2-9
where )
N = Ny + 10 N

Ny, Np are the number of operations of the train type during the day
(7:00 a.me = 7:00 p.m,) and night (10 p.m,«7:00 a.m.), respectively.

We can also compute the equivalent sound level (Leq) and community
noise equivalent level (CNEL) with Eq. 2-9, but the term N 1s as follows:

Ng + Np
) { Ng + 3 Ng + 10 Ny, for computing CNEL
where
Ne = number of operations of the trafn type during the evening

(7:00 p.ﬂl. - 10 poma)

10
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2.2.4 Corrections for Sound Propagation Loss
We take {pto account the different attenuation effects on noise

propagation from the sound source to the recejver in assessing the railroad

noise impact. These sound attenuations are included:; geometrical spreading

effect {sound intensity decreasing with increasing distance), attenuation
due to obstacles, such as walls, berms, sound barriers and buildings,
ground and air absorption, etc,
a, Geometrical Spreading for Railcar/Locomotive Noise
The sound intensity decreases with increasing distance. The rule of
geometrical spreading relates the source sound level to the distance
between source and receiver. If the sound source is a point Source
relative to the receiver at large distance, the sound level decreases 6dR
per doubling of distance from the source. If sound Source is a 1ine
source relative to the recefver, then the sound level decreases 3 dB per
doubling of distance from the source, It also can be expressed as:
Cg = -10 Log (r/rg)" 2-10
where
C; = geometrical spreading correction (dB)
r = distance to the track centerline, and
rg = reference distance of 30m {100 ft,}
n=1, for a 1ine source
n= 2, for a point source

Figure 2-2 gives the difference, due to geometrical spreading only,

between the maximum A-weighted sound level from a train of specified
length at any prescribed distance, and that from an infinitely long train
at 30m (100 feet), It is based on a model of the train as a continuous

1ine of inccoherent point sources, each with dipole directivity. This

11
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model has been shown to be in good agreement with measured data for
distances on the order of a car length or more from the trackfs] A
simple, but close, approximation to the geometrical spreading represented
in Fig. 2.2 s a 3 dB decrease in noise level per doubling of distance
for distances less than 24; times the train length, and 6 dB decrease
ﬁer double distance at larger distances,

For a sfngle Tocomotive, the sound level decreases 6 dB per doubling
of distance from the source for distapces greater than 7.5 m (25 feet)[73.

In assessing railroad 1ine noise impact, the model for train noise
propagation into communities is based on the model developed for urban
highway noise by Kugler, Commins, and Galloway.fa] The theory on which
that mode] is based shows the noise falloff with distance from track {or
highway) to be 4.5 dB per double distance,

this can be expressed as: .

€5 = 15 Log r/rg 2-11

In evaluating railyard noise impact, the railyard noise source can
be divided into two kinds: stationary source and moving source. The
stationary source 1s treated as a point source and the moving source as a

1ine source.[91 Eq. 2-9 is applicable.

12
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FIG.2-3-Correction factor for geometrical spreading, C, This figure gives the difference,
due to geometrical spreading only, between the maximum A-weighted sound level from a
train of specified length at any prescribed distance, and that from an infinitely long train at
30 m (100 f1). . S

13



B

et T

st

B L ptrd gy na

Truge

feceiver

a, Parrier wall

b. Cutting ¥

¢, Flevated
Structure

Source

d. Emhankment
Receiver

I3z

Path difference, §oaspc » Wu? ¢ (=712 o 'Wz . eyt

(g-“z 1] (:-VJ:

Fig, 2=3  Fepiming of Path diggerences for various
pavrier ccn‘:;ﬁnm{.'ons

14



e R

T

R SR e R U LS

B A ]

R R AT

T T e e b R 23T

b. Corrections for Obstacles

Barriers include such items as berms, walls, large buildings, hills,
etc., that affect sound propagation by interrupting the propagating path
and creating an "acoustic shadow zone." The sound level is lower in the
shadow zope than in the corresponding free field,

Barrier corrections can be used to estimate the sound attenuation
for a train traveling behind walls and hills, through cuts, and in some
cases on embankments and elevated structures., Figure 2-3 defines the
path difference for varfous configurations.flo] The effective source
location can be approximated as the axle height on the track centerline
for wheel-rai] dominated noise, and on top of the locomotive (4.9 m
above the rall surface) for diesel locomotive (exhaust~dominated) noise,

Using the theoretical solution for the barrfer attenuation of sound
from a long incoherent line source, the A-weighted barrier correction
termm, Cp, was detemined as a function of path difference for the average
of the railcar nojse spectra. For the barrier attenuvation of locomotive
noise, the theoretical solutfon for a point source was applied to a
typical diesel locanotive notse spectrum., The resulting barrier attenua-
tion curves are shown in Figure 2-4, Note that the resulting insertion
loss for a given path difference s greater for diesel locamotives than
for railcars, However, because the effective source height for diesel
locamotives is typically 4.4 m (14,5 ft.) higher than that for railcars,
diesel locomotives require a substandially higher barrier to achieve the

same path difference.

15
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Fig., 2-4 Barrier correction, Cp, as a function of path difference
He also can campute the sound attenuation due to barriers, For most
practical situations the reduction in sound level (attenuation) provi.ded
by a barrier may be expressed as a function of a single variable called

the Fresnel number, The Fresnel number, N, fs defined by:
N=2 87y 2-12

where S"is the path difference, S: atb-c, and A is the wavelength of
sound radiated by the source.
Assuming a point source located behind an infinitely long barrier,
the attenuation, A, is given in terms of the Fresnel number, N , by:
0 N¢-0,1916 - 0,0635€
5(140.6 )+20 Logfz"fmr/tanrlﬁm {~0,1916-0,06356 )gN <0
A= 2 - 13
5(1+0.6 )+20 Log,JZﬂ'IN%cathanN[ 0< N <5.03
20 (140,5€ ) N> 5.03

16
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where
€ =0, for a wall
€ =1, for a bem
for a wall, Eq. 213 can simply be expressed as:
N<=0,1916

0
' 5 + 20 Log ,[‘T[e Nl/tan] zﬁﬁ] ~0.1916¢ N <0
4 = 2~ 14

5+ 20 Log}?iiN7tanh 2NN 0<Ngb5.03

20 N> 5,03
We can roughly estimate, when the wall is not high enough to interrupt
the 1ine-of-5ight between the source and the receiver, the attenuation is
zero and when the wall height is just high enough to break the line-of-sight,
A =5dB.

Figure 2-5 shows the barrier attepuation vs. Fresnel number,

17
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For detailed computation of barrier attenuation, refer to Figure 2-6.

flow chart for barrier attenuations calculations
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Figure 2d5 Flow Chart for Barrior Attonuation Calculations
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c. Shielding Attenuation

Attenuation due to shielding of buildings is also an important
mechanism by which ratlroad sound levels are lowered. Shielding occurs
when the observer's view of a railroad is obstructed or partially obstructed
by an object or objects which significantly interfere with the propagation
of sound waves. The amount of attenuation provided by rows of buildings
depends upon the actual length of the row occupied by the buildings. An
attenuation of 3 dB is provided by the first row and 5 dB when the buildings
occupy 65 to 90 percent of the length of the row. No attenuatfon is allowed
for rows of houses that occupy less than 40 percent of the length of the
row and 1,5 dB additional attenuation is provided by each successive row
until a total attenuation of 10 dBA for all rows is obtainegl11],

HMMH Inc, has performed the measurement of the shielding of freight
train noise by a row of house [12]  Two portable sound level meters were
used, one positioned in front of the houses 100 feet from tracks, the
second positioned 20 feet from the tracks behind the first row of houses,
After nonnalizing the measurements to the 100-ft position, they found a
reduction of 4.6 dBA for the locomotive noise and 4.7 dB for the freight
car noise.

These results are consistent with the commen assumption of 5 dBA
attenuation for the first row of houses and 1.5 dB for each successive raw.

Table 2-4 summarizes the noise attenuation due to buildings.
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Table 2-4 Noise Attenuation Due to Buildings*

building occupy percent of

lenyth of row (%)

local average population

density (people/sq.mi.)

industrial buildings

'source characteristics |

rgnge

- <40 40-65 65-90

<2000  2000-8000 >8000

moving stationary M.&SJ

atte. 0 3 5 0 4 8 5 10

7

* The common assumption of 5 dBA attenuation for first row of houses

and 1.5 dBA for each successive row.

d. Ground and Air Attenuation

Numerous factors affect the attenuation of sound propagation over
flat ground. These include type and condition of seil (as it influences
the ground surface impedance), presence of vegetation {foilage and stems),
temperature and wind gradients, atmospheric turbulence, and height of
source and receiver above the ground. In addition, absorption of sound
energy by the air depends upon temperature and humidity as well as frequency
and distance. Nominal expressions for ground attenuation developed hy
DOT, for an average day {60°F and 65% relative humidity) are;

10 Log {fd/4x10%), for fd »>4»10°
Cg = {' 2-15
0 for fdg¢ 4510°

ca=  2fa/ub 2- 16

where
CgsCp = oround and air attenuation, dB
f = sound frequency, Hz, and

d = distance from source, ft

21
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However, since the noise model must canpute Lg, values, and since
the L4y noise rating scale is based on A-weighted sound levels, ft is
more convenient to use a conbined air and ground attenuation factor
representing the attenuation of the A-wefghted noise levels with distance.
For each type of source the ground and air attenuation was calculated for
100 to 2,000 feet (30 to 610 m) distance using the center frequency of
gach octave band for the f value in the equations given above. The
A-weighted level at each distance was then computed from correspondingly
attenuated octave band noise levels, and the differances hetween the
levels at the selected distances were used to determine the average extra
attenuation (Cg+a) in dB attributable to ground and air absorption. The
resulting combined air and ground absorption coefficients are shown for
each noise source type in Table 2.5 [93.

In general, the noise impact results from groups of either statipnary
or moving sources. The average absorption coefficients assumed for mixed
statfonary and moving sources are shown in Table 2-6,

Figure 2-7 gives ground attenuation at a receiver height (above flat
ground) of 1.5 m for various source {axle) heights, or at various recefver

heights for a source height of 1.5 m vs.distance from the track.

22
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Table 2=5 COMBINED AIR AND GROUND ABSORPTION FOR MAJOR RAILYARD NOISE SOURCES

- ) . Combined Air and Ground

MNoise Source

Absorption Coefficients,

—ALPHAG (dB/ft)*

Retarder _ 0.01 (dB/ft) 0.033(dB/m)
Switch Engine 0.001 0.0033
Car Impact 0.005 , 0164
1dling Locomocive ' 0.0025 . 0082
Locomotive Load Test 0.002 ~0066

* 'Refrigeration Car 0.0035 0t15
Road-Haul Locomotive .D.002 0066
Crane-1ifs¢ 0.002 2 .D0E®
Hostler Truck 5-002 .0066

*zis5ed on A-weighted 5PL

Table 2-6 Average Propagation Attenuation Coefficient

for Grouped Sources

Group Type

Moving Source Group
Stationary Source Group

GALPHAG {éB/ft.}

0.002
0.005

Figure 2-8 [13] presents the air absorption correction factor CA for

the average relative spectra and for temperatures and humidifiers satisfying

the relatfon 4,000 <(1.8T + 32)H <8,000, where T s temperature in °C

{note that the expression fn parentheses 1s simply the temperature in

°F), and H 1s relative humidity in percent,
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2.3 Methods of Evaluating Noise Impact
2.3.1 Fractional Impact

An environmental noise assessment usually entalls analysis, evaluatian
and comparison of many different planpning alterpatives. Obviously, creating
multiple arrays of population impact information is quite cumbersome, and
subsequent comparisons between complex data tabulations generally tend to
became somewhat subjective. Clearly, what is required is a single value
which both interprets the environmental noise impact and incorporates
attributes of both extensity and intensity of impact. Accordingly, the
National Academy of Sciences, Committee on Bioacoustics and Biomechanics
((‘:H;‘\B.ﬂt}[m;I has recommended a procedure for assessing enviromnmental noise
impact which mathematically takes into account both extensity and Intensity
of fmpact. This procedure, the fractional impact method, computes total
noise impact by simply counting the number of pecple exposed to noise at
different levels and statistically weighting each person by the inten§1ty
of noise impact. The result s a single number value which represents
the overall magnitude of the fmpact.

The purpose of the fractional impact analysis methods is to quantita-
tively define the impact of noise upon the population exposed, To accomplish
an cbjective comparative environmental analysis, the fractional impact method
defines a series of "partial noise impacts" within a number of neighborhoods
or groups, each of which is exposed to a different level of nofse. The
partial noise fmpact of each nefghborhood is determined by multiplying
the number of pecple residing within the neighborhood by the "fract{onal
impact" of that neighborhood, i.e., the statistical probability or magnitude
of an anticipated response as functionally derived from relevant noise
effects criteria. The total community jmpact is then determined by

simply summing the partial impacts of all neighborhoods.

25



e .

e

CR SR

Y S,

The function for weighting the fntensity of noise impact with respect

to geperal adverse reaction (annoyance) is displayed in Figure 2~9.
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Fig. 2-9 Weighting Function for Assesing the General

Adverse Response to Noise
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The nonlinear (curvilinear) weighting function is arhitrary nomalized

to unity at Lqp = 75 dB, For convenience of calculation, the weighting

function may be expressed as representing percentages of impact fn accordance

with the following equation:

FI = (3.364 1074100203 /(0.2 109403 +1,43%10~4 x100-08L) 2. 17

A simpler linear approximation that can be used with reasopable accuracy

in cases where day-night average levels range between 55 and 80 dBA is shown

as the dashed 1ine in Figure 2-9, and is defined as:

0.05(Lgp ~ 55) for Lgn > 55
2-18
FI =

0 for Lgp ¢ 55

2,3.2 Equivalent Neise Impact (ENI)

Using the fracticnal impact concept, an index referred to as the
Equivalent Noise Impact (EN!) may be derived by multiplying the number of
people exposed to a yiven level of noise by the fractional or weighted

impact associated with that Tevel as follows:

ENI§ = Fli' Py 2~ 19
where

ENIj = magnitude of the impact on the population exposed at Lypj

FIj = fractional weighting asscciated with a noise exposure Lgnj,

P4 = number of people exposed to0 Ldpj.

and
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The total impact may be computed by determining the partial impact
at each level and summing aver each of the levels. This may be expressed

as:

ENI = z;l ENl; = §F11'P1 2 -20

2,3.3 Noise Impact Index (NI1)
The average severity of impact over the entire population may be

derived from the Noise Impact Index (NI} as following:
NII = ENI/P 2-21

2.3.4 Relative Change in Impact (RCI)
In order to compare the relative difference between two alternatives,
we can use the Relative Change in Impact (RCI). This concept takes the

form expressed as a percent change in impact,

RCI =(ENI{~ENIj)/ENI4
where ENI{ and ENIj are the calculated impact under two different conditions.
We usually use terms such as Equivalent Population (Peq) and Level-
Weighted Population (LWP} alternatively to ENI.

An example of the fractional impact calculation procedure is presented

in Table 2-7.



Table R-7

EXAMPLE OF FRACTIONAL IMPACT CALCULATEON FOR GENERAL ADVERSE RESPONSE

w @ (3) (4) (s) - (6) 7

Exponure  Expboure Py Fi ﬁ ' EHLy ENI4
Ranga Range . (Curvilinear) (Linear)

{Lap) (Lagy) (Curvilinear) {Linear approx) (Column (3) x (4)) (Colunmn (3) x (5))

55=-60 © 528 . 1,200,000 0.173 0.125 207,600 150,000
60-65 62.5. 900,000 _ 04314 0.375 282,600 ' 317,500
6570 67.5 . 200, 000 0,528 0.625 : 105,600 125,000
70-75 ' ?2-5 © 50,000 0.822 0.875 l 41,100 43,750
75=00 . I77-5 16,000 1,202 1.123 ‘ 12,020 11,250
2, 360; 000. 648,920 667, 500,

[

BNI (Curvilinear) = 648,920

i {Linear) = 867,500 *
NIl {Curvilinear) = 648,920 % 2,360,000 = 0.27

s .

- -
NII (Linear) = 667,500 % 2,360,000 = 0.28
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Similarly, using relevant criteria, the fractional impact procedure
may be utilized to calculate relative changes in hearing damage, risk,
sleep disruption and speech interference.

2.4 Railroad Noise Impact Model (RNIM)

We now can use the above-discussed basic formulas to set up a common
mode] -- the Raitlroad Noise Impact Model (RNIM)}, 1In its simplest form,
the railroad noise impact model consists of three general sub~models:
noise generation model, noise propagation model and noise impact model.
These sub-madels consist of the of following:

? Nofse Generation Model

Passenger car: Eq., 2-1

Locomotive: Fig, 2-1
Z Freight car: Eg. 2-2

Lmaxs (for each noise source)
" (at 100 feet)

(for the train,combine two,
using Eq. 2-8)

Locomotives: Eg., 2-5
SEL {
Ratlcars: Eq., 2-6, 27 or Eq, 2-3 .

Train: Eq., 2.9
Ldn
Railyard Equipment: Table 2-1, 2-2
® Noise Propagation Model
Attenuation of Lgp with distance {Train: Eq. 211 or Fig, 2.2
(between source & receiver)
for moving source
n=1

for stationary
source

Raflyard: Eq., 2«10 zn =z 2

Insertion loss due to barrier: Eq. 2-13 {Fig. 2-4) or Fig. 5

Insertion loss due to buildings: Table 2-4

ground attenuation: Eq. 2-15 or Fig. 2-7

Attenuation of ground and air {
air attenuation: Eq. 2-16 or Fig. 2-8

For composite attenuation, use Tables 2-5, 2.6,
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® Noise lmpact Model
Fractional impact: Eq., 2-17 or Eq, 2-18
Equivalent noise impact: Eq. 2-9 and Egq. 2-20
Relative change in impact: Eq. 2-21

Section 3 Railroad Line Noise Impact Model (RLNIM)

How does one use the RNIM as discussed above to evaluate the railrpad
1ine noise impact? The general method 1s as following: investigate the
present sftuation for raitcars cperating in areas of interest; campute
the noise level of railcars; survey the present distribution of residentfal
areas; and calculate the Equivalent Noise Impact (ENI) value, We can
judge the acoustic-environmental quality of the residential areas according
to the various noise criteria, and we can predict the future railroad
noise impact. This in turn can Tead to land use recommendations and
analysis of the benefit of noise control measures adopted,

3.1 Train Operations

To assess railroad line noise impact, we need first accurate data on
train operations in the areas of interest.

The following data are needed:

° Based on timetable infommation, the average number of trains

operating per day, characterized as daytime operations {7:00 a.m.
- 10 p.m.) and nighttime operations (10 p.m, ~ 7:00 a.m,),
respectively,

® Average running speed of trains

® Average pumber of locomotive and cars, and length of train

31



i Bt gy YA < . i ediate e b -

3.2 Computed Noise Level of Train

-]

Computed Lgn at r feet from the track centerline

Figure 3-1 shows the procedure for computing the Ly, at r feet

I TR,

£ b YT ST AT T T TR AT I N b U T £ Tt e o

L MRS e e L

distance from track centerline: 5
tg
Ng
A
Lmax,L ] SELL | Lioo L 6 Ldn
Lmax,C SELg {Lgn at l00ft) cA (at rft)
| o
Nn

L

Fig. 3-1 Lgp at r ft computing chart flow

@ Caleulate the Affected Width { r) of Strip Under Lgg.
Sometimes we are concerned with identifying the areas exposed to a

specified noise level [Lgn{r}]l. For this purpose, the following formula

s used:
- L (0)-L {r)]
r = 100ftx10 Lk, (100}-L {r) 3-1
where
r = distance at the specified Lgp without any propagation

attenuation Lgp{200) = Lgp at 100 feet from track centerline

The (impacted region width) distance to the region at which

Lan = Lan(1) 1s:

After computing as above, we can estimate the noise propagation
loss ( L) due to increased distance { r}. Finally, we use Eq. 3-1 again
to obtajn the real width of strip under corrected Lg,. The formula can
be expressed as:

¢ = 100t x 100k, (100)-L (r)- L}/20 3.3

° Draw the Noise Distribution Map (L4, Contours)

32



T P I

N e il

T v

s e . T

3.3 Computing the ENI

° Population Density Statistic

PBetermine the number of persons within each Lgn regfion.

® (Calculate the ENI Value

Area under Lgpj

Popu]at1on/mi?

F14

ENI

AN

1,-

Fig., 3-2 Flow Chart for ENI Calculation

3.4 Evaluation of Railroad Neise Impact

3.4.1 Result of Ten-City Studies

In 1878 the EPA evaluated the raflroad 1ine noise impact Nation-
wide, At first, we took 10 typical citfes to assess railroad line noise
impact. These 10 cities with widely varying populations were selected to
provide a detailed breakdown of train traffic and population densities near
railroad tracks, and the type of land use adjacent to tracks, Such com-
parisons provide a basis for determining how many people are exposed to
railreoad nojse, how often they are exposed, and what activity they are

enyaged 1n at the time,
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and Figure 3-3 shows some Lgp profiles that were calculated by applying
the prediction techniques to actual operation on a specific raflroad
line. The profiles shown in Figure 3-3 were calculated from the following
data supplied by Penn Central:

Night Operations {10 p.m. - 7:00 a.m.)

Six freight trains, each 14 loaded cars and 10 empty cars and

Day Operations (7:00 a.m. -~ 10 p.m.)

Thirty-six passenger trains, each 40 mph

Pasenyer trains with eight cars correspond to the national average
passenger loading of cars,
3.4.2 Results of Nation-Wide Studies

EPA investigated the railroad line noise impact Nation-wide through 2
more wide-ranging survey; the following basic parameters have been determined:

° Average train-flow per day .
Table 3~2 shows the result of average train flow per day,

® Miles of railroad track

According to a survey of 106 c1t1es.[15] the percentage of the land

in central cities presently devoted to railroads averages 1.7 percent in
cities of 100,000 or more people and 2.4 percent in cities of 250,000 or
more. The total land area of central cities having populations greater
than 100,000 is approximately 9.84 x 103 5g. mi. If it is assumed that
half of the land used by railroad is right-of-way {the remainder occupied
by yards and temminals) and that the typical right-of-way {s 100 feet

wide, the following calculation results:
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Therefore, i1t is estimated that there are approximately 4,000 miles

of right-of~-way in central cities.

Table 3-2 Average train-flow per day”

train . Urban areas Nonurban areas Locomn,/train | cars/train speed weight
type ;
tra./day tra./nigh. | tra./day tra./nigh.
7 am 10pp
10pm 7an)
Fright 4 2 3 2 3.0 66.8 72,6™" | 33 3800
passe, 2 0 0 0 1.4 5.6 5.2%"
*sources; ICC,1971;  **source:lCC, 1985,
° Population density .

Hoyt L16] gives 58.6 mil1jon as the total peopulation of central cities
having populations of 100,000 or more. Dividing that figure by the total
area of 9,84 x 103miZ gives an average density of people/sq.mi, Census
maps of land in the vicinity of central-city railroad 1ine indicate that
the population density near rail 1ines is slightly less than half the
local average. We therefore estimate that the population density near
central city rail lines is approximately 2,500 people per sq. mi.

? People exposed

Table 3-3 shows the computation procedure for Ly, due to freight trains.

In order to determine the distribution of people by Lg, intepval, in
steps of 5 dB, we should use Eq. 3-1 and Eq. 3-2, Table 3-4 shows the
distribution of people in different Lgy regions in the noise level range
from 55 dB to 70 dB in steps of § di. Results are shown for the "baseline"
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w
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4 9. =2 -f,'n:,.jy Lar ! Nﬂ?” g U3 dga using ds 3, 2
E A 7 =

£ Uy B2 Laax =514 3009 —F =705 dBA (V=33 mph)
k1S EA‘\,S, st = Lnaze + ID-E'a. Tee =73 dbA (T, = 78 sec.)
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conditions, i.e., the existing situation (based on 1971 data) and for a
post-regulation conditfon which assumes that all lecomotives are in
canpliance with the regulatory standard of 87 dB, It is assumed that the
“typical" compliant locomotive will emit an average sound level of 86 dB,
one dB below the regulatory 1imit, and 2.2 dB below the baseline average
ieve1. The corresponding Lgp values at 100 feet are 66,3 dB for the
baseline condition and 64.1 dB for the post-regulation condition.

The overall impact of railroad noise may be judged by computing the
Equivalent Noise Impact {ENI}, using Eqs. 2-18, 2-19, 2-20, which shows,
from the figures in the last column of Table 3-4, the equivalent number
of people exposed to levels 20 dB above the criterion level. For
residential areas, the criterion level is Lgqp = 55 dB.

The population figures in Table 3-4 show that a muffler retrofit
program, which would provide 2.2 dBA average reduction in Tocomotive.
noise, would reduce the Equivalent Noise Impact by 151,000 or 23 percent,
Section 4 Raflyard Noise Impact Model (RYNIM)

4.1 Railyard Noise Impact Model Flow Chart

The Railyard Noise Impact Model (RYNEM) is designed to quantify the
health/welfare impact due to railyard generated noise. The principle of
the RYNIM is based on the common model described in Section 2, The RYNIM
also consists of a noise generation model, a nofse propagation model and
a noise impact model -- three general sub-models. The basic lTogic for
the model 15 indicated in Figure 4-1, for a given railyard type, types of
noise sources operating, railyard traffic rate, and impact area, The
noise generatfon model first computes the Lgp value for each source at a

reference distance of 100 feet, and then computes the Lgp for each source

at DN, the distance to the near side of the impact area. The composite Lgp
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is determined for the source group, and combined with the background nofse

level.

In the baseline case (no barrier wall) the composfte nofse level

is then propagated across the impact area, fntegrating the tdn vs. distance

relationship with the impact weighting factors and population density in 1 dB

increments to obtain the PE and LWP values.

This procedure is followed

for all impact areas and sources (groups) at the raiflyard, and the

resulting PE and LWP values are summed to obtain the total impact.
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Table 4-4 RAILYARD DISTRIDUTION BY YARD TYPE,
. PLACE SIZE AND TRAFFIC RATE CATEGORY

NUMBER OF RAILYARDS

Place Sizo (Population)

L1

Total/Yard Type

Lesa Than 50,000 50,000 to 250,000 Greater Than 250,000
Yard Type Traffic Rata Traffic Rata Traffic Rata
. low Msd High Totsl Low Med High Total Low Med Righ Total
I Hump Clasaification 19 19 14 52 14 12 8 34 13 16 9 a8
IT Plat Claasification 321 204 104 629 135 B3 44 262 115 70 ar 222
1117 Industrial 849 239 293
IV Small Induatrial 1262 133 156
Total/Place size 2792 668" 709,

124

1113

1381

1551
Grand Totali

4169

#Industrial and small industrial yardo wore notccategorized by traffic rate.

+
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For each of the alternative nofse 1imits &t the receiving properties,

the various heights for a wall at the railyard boundary necessary to
reduce the baseline Ly value to the desired values at the Eece1v1ng
properties are computed, The LWP and PE values are then calculated as
discussed above,
4.2 Railyard Type, Source and Configuration
4.2,1 Railyard Type

As a result of the identification and classification study of
railyards, the four major basic railyard categories used in the impact
model are:

® Hump classification yards

% Flat classification yards

° Flat industrial yards

® Small flat industrial yards .

The railyard types and locations are also grouped by the average
Tevel of activity (traffic rate) and the population size of the urban
area in which the yard 1s located.

A summary of the railyard data is shown in Table 4-1 by type of
yard, place size (population), and traffic rate {activity).
4.2.2 Railyard Noise Sources

In general there are 11 types of sources in hump yards, eight types
in flat classification yards and four types in the other yards, These

noise sources are listed in Table 4.2,
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Talfe. 4-1

RAILYARDN DISTRIARUTION RY YARD TYPE,
PLACE SIZE AND TRAFFIC RATE CATEGORY

NUMBER OF RAILYARDS

:  Yard Type

Place Size (Population)

LH

Lesa Than 50,000 50,000 vo 250,000 Greater Than 250,000

Total fYard Type

1 Tump Classification
11 Flat Classification
AITI Industrial

A1V Swall Industrial
Total/Place oize

Traffic Rate Traffic Rate Troffiec Rute
tow Mad High Total Low Maed BHigh Total Low Med BHigh Total
19 19 14 52 14 12 8 k1 13 16 9 a8
321 204 104 629 135 83 44 262 115 70 ar 2222
849 239 . 293
1262 ' 133 156
2792 668 709,.

124
1113
1181
1551
Grand Total:
4169

atndustrial and small industrial yards were notcategorized by traffic rate.



R TSR

Table 4.2

RAILYARD NOISE SOURCES

»

HUMP YARD = NOISE SOURCES: )
Mr - Master BRetarders (Includes Group,

HS
IR
MS
CcI
IL
LT
RC
15
OB
1B

Intermediate, and Track)
Huwp Lead Suitéhnrn
Inert Retardorn
Makeup Switchera
Cur'Impac:n

Idling Locomotives
Locomotive Load Tgnt
Refrigerator Cars
Industrial and Other Switchaers
Outbound Traina (Road=Haul plua Loeal)

Inbound Traina

FLAT CLASSIFICATION YARD - NOISE SOURGCES
CSE = Claassification Switchers, East End

CSW

CL
IB
OB
1L
LT
RC

¥

of Yard

Classification Switchers, West End
of Yard

Car Impacts

Inbound Traino

Outbound Traina (Road-Haul plus Local)
Idling Locomotivea

Load Testo

Refrigerator Cars

FLAT INDUSTRIAL YARD = NOISE SOURCES:

SE
Ccl
IB

-

Switch Engines

Car Impacte
Inbound Trains (Road-~Haul plus Local)}
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4.3 Running the Model
4,3.1 Reference Ly for each source
The reference average noise Tevels for each source were determined
by field measurements. The measured source noise levels are summarized
in Table 2-2. In computing the railyard noise impact, the fixed data
shown in Table 4-3 can be used. These fixed input data remafn constant
for all yards unless new data becone available or new assumptions are
made. In that case, the values of the input parameters can be changed
accordingly,
4.3,2 Reference Ly, at DO (DO = 100 feet)
® For repeated single noise events all sources except IL, RC, AND
LT, use Eq., 2-9 to compute Lg, value. The term (10 Tog N) should
be adjusted to N={Ng+1ONp)}{Ny/Ny) in Eq.2-9,
The additional temm {N_/Ny)represents the number of locomotives
at each virtual source (e.g., 1f there are three virtual sources
and six locomotives, then the effective npumber of locomotives at
each virtual source 1s: 6/3=2)
® For quasi -~ continuous noise events {IL, RC, and LT) use the one-

hour Leq equation:

Lgn = SELT + 10 Log N - 13.8 4 -1
where
SELT = Leq(l). the l-hour equivalent{continuous) noise level,
and N = Ng + 10N,

* D0 = reference distance, equal to 100 ft, between the source and the reciever
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TASLE 43 Fixed Input Data

"for Railyard Noise Impact Madel
Noise Source Data .

stationary Sourik Group

I

* .. Reference (at 100 f£t.)

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

T

{4} These values are reduced by 12 dB in the model

when it is assumed that' the source standard for

load test cells reguires a noise absorbing barrier
to be used at the test cell site.

WL~ Number of Locomotives | N

NP —

Number of pass -b:/s

NY — Mumber of virfual Sources |
EP — Noise Event pwhabil:{7 . por .
A% ALPHAR — Combined At ond Ground Absorption for Major Ra:ﬂy\d Moise Sourre

NES — Wumber of Mitse” Eveats .

NA ~ Muwbor of Araas = fhe 7T

. INPUT_DATA PARAMETER
NOISE Luax”  IS* NP . NL N . NV ' NES EP ' ALPHAG - DO
SOURCE {dB4) {dBA) ‘ - _ (d3/FT) (FT)
HS 90 95 2 1 1 1 1 1- .001 © 100
M5 90 94 2 2 1 1 1 1 001 ]
1S 90 94 ? 1 1, 1 1 1 .00l -
L5 80 94 2 1 1 1. 1 1 .001
1B 90 5 1 IS R 1 1 .002
6Bl 90 95 1 2 1 1 .002
082 90 95 © 1 1 1t 1 1 1 .002 ]
MROO11 108 1. 1 2 1 2 .50 .010 _
IR 93 90 1 t 2 1 1 .85 .010 '
9y 94 1 1 2 2(3) .50 .005 .
IL 66 66 NA NA 2 NA NA  NA  ,0025 -
RC 73 67 NA nA 2 NA NA  .NA  .0035 -
| ir s M) WA oma 2 NA ONA 0020 -
a7 82 9%.5 1 1 2 1 2 1 .0020 WV |
T 8 106.5 1- 1.2 1 4 1 .0020
Moving Source. Group N02
D05
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4.3.3 Lyn at DN for each source
The Lgn at the receiving property shouTd be corrected by the noise
propagation attenuation, including geometrical spreading correction

(Eq. 2-10), ground and air attenvation coefficient {as ALPHAG in Table 4-

3, or calculated by £qs. 2-15, 2-16), noise barrier attenuation coefficient

iEq. 2-14}, insertion loss due to buildings (Table 2.4}, etc,
4.3.4 Source Group Ly, at DN
The source group L4y at DN is the summation of Lqn values for each
noise source, expressed as:
Lan = 10 Logl & 105405720 3 4 -2
where 1
Lgnj = Lan value for the jth source
4,3,5 Background Lgq
The background (or ambient) noise level, due to other than rallyard
noise spurces is determined from the site-specific level based on average
population density values for each place size and density range class
according to the formula:
LBG=22+10L°9P 4 =13

where

It

Lpg = background{non-railroad source}, d8

£

£ 31585,  Lgg = 54 dB

local average population density {people/sq.mi.)

when:
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4,3.6 Composite Lg, at DN
Ta combine the source group Ly, with the background Ly, one uses the
formula:
Lc = 10 Log (10457 0410h54710) 4-4
where
Lo = conpostite Lgp, dB
4.3.7 Impact Areas for 1 dB Increments
The basic noise impact relationship is given by £q. 2-20 (ENI = FIL.A.P),
where the area (A} 1s a function of source type, either moving or stationary,
and population density (P) is a function of place size and population
density range, The general equations for computing A were developed on
the basis of eliminating the area inside the yard boundary in the detemi-
nation of noise impact areas. The area expressions for the two different
types of sources are for either segments of circles {for statfonary sources)

or rectangular strips(for moving sources).

Log(b ~Bg) for moving source
) {02005'4 (py/D) ~ Dy ' 02-002, for stationary sources
where
Lg = Characteristic path length for moving sources

D = Distance from source to receiving location
Dy = Distance from source to railyard boundary
The characteristic path length for the switch engines and locamotives
was determined on the basis of the 120 yard samples evaluated, The
resulting Ly values ranged from 790 to 2,070 meters, depending on type of

yard and traffic rate (see Fig. 4-2).
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Yard Type Representative Railyard Dimension (m)
1. Huwp Classification: d1 d2 :il3 d,‘ 11 12 d !
Traffic Rote: .
Low 43 137 64 192 1556 1129
Medium 43 146 95 192 1952 1312
High 55 ¥ 113 229 1952 1739

o

II1. Flat Classification:
Traffic Rate:

31 167 34

107 793 854

Low
Medium k31 137 34 128 976 1312
High 92 183 92 214 1251 2074
B Industrinl o ) - 70 BI2
52, i o]

B, Small Industeial

dz 3 d,
) kd 1
f 1, 4 1 |
Rocoiving Area + Daparturs Area
{
= 11 i

Classificacion Arean

T TR

_.....J‘..'-:._..._

Fg 4-2
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According to Eq. 4-5, the incremental areas (Ay) are computed by:

Ay = D244qe COS™L(ON/D 1) DN DZyeDN2
-ﬁiz-COS'I(DNlni‘ ) -DN? 012 -DNE J for stationary sources

Aj = Lp(Dj+1 ~ Dy) for moving source
where
Ay = incremental areas

distance from source to near side of area increment,

D
Dy+1= distance from source to far side of area increment.
In practice, we often want to know the value of (Dj4; -Dy) for
each 1 dB decrement. Then we can use fqs. 2-22, 2-24:
D = 100ft x 2oLk, (100)-L (1)) (1075-1) 4-7
where
0D = distance increment.
In other words, the distance increment is 12,2% for each per 1 dB
decrement,
4.3.8 ENI for Each 1 dB Band and Sum of ENI Over Impact Area
At first, we use Eq. 2-18 to calculate the Fractional Impact (FI) in
each 1 dB decrement band. Average L. Tor each increfiental area in

computing ENI s

Tci = Lgy - 0.5 dB 4.8
therefore:
FIj = 0.05 (Lgi=55.5) 4 -9

where L4 15 the composfte Lgp,in the ith band
For each 1 dB band, the ENIj 1s expressed as:
ENIj = FIiXf = FI%Aj xP 4 - 10

And the total ENIy can be surmarized by ; ENI§.
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Thus, starting at DN and continuing across the receiving property,
increments of area are defiped (Dj is computed) such that L¢q decreases
1 d8 for each successive area increment until either the far side of the
property is reached or L, decreases to 55 dBA, which 15 the criteron
Tevel. Flj and ENI; are computed for each area increment, and the ENI4
values are summed to obtain the total ENI value, Also, the total area to f
Lgn = 55 dBA is multiplied by A to obtain the Population Exposed {PE)
value,
4.4 Total Natianal Impact

When the ENI values have been computed for a sample of railyards for
one of each of the four types of railyards, the EN] associated with all

the railyards of that type Nationally is estimated by:

ENIg = & ENI{, and 9 - 11 |
i i
ENIt = ENIg:(Ng/Ng) 9~ 1?2
where
ENIg = total ENI for the sample railyards (of a particular type)

|
f
Ng = number of railyards in the sample, and
N = estimated number of raijlyards natjon-wide of that type, !
4,5 Baseline Impact
A mode?l run using data based on the estimated current conditions {as
of 1971) for the identified sources at all the railyards established the
baseline case. The baseline ENI and PE results ara segregated in Table 4-4
which presents the computed EN! and PE values for each source type, and
categorized yard type. The sensitivity to the assumptions regarding the
treatment of external ambfent nofse levels is indicated by the range of

computed values of baseline population exposed (6.5 to 10,2 million} and
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baseline ENI (1.74 to 1.94 million). The dominant contributors to the
noise impact are switch engines, since these sources operate in all 4,169

yards and generally ocutnumber each of the other source types.

BASELINE CASE
Toble 44  coNTRIBUTION TO TOTAL ENI AND FE FOR ALL
YARD TYPES BY TYPE OF SOURGE

Soures Type ER1 - BE
Inbound and Cutbound Iratna 20{,t80 - 214,200 1,082,100 - 2,311,500
Switcher Operations 1,243,300 - 1,400,100 4,274,800 - 5,957,000
Idling Locomotives B8, 580 - 98,900 346,600 - 561,900
Retarders (Mamter, Group, Inert) 26,720 ~ 26,900 65,700 - 98,830
Rafrigerator Cara 92,110 ~ 102,700 342,700 - 545,200
Car Inpacts 50,400 ~ 55,400 256,500 - 509,920
Lond Test Opcrationa 39,930 = _ 44,300 141,300 = 244,900
- 18,182,000

1,740,600 « 1,944,500 6,509, 60N

Rangne of values are dun to different mathods far handling the external cobient
nalaer level. Any inconsistencies in numerfcal values are attributasble to round off.
See text far further explanation.

The detailed listing of noise impact {ENI) by noise source and yard

type {s presented in Table 4-5.
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Table 45 .
MEELINE CASE

/

CONTRIBUTION T0 TOTAL ENI BY TYPE OF SOURCE AND TYPE OF YARD

Yurd Type

(No. of Yarda}
Hump;
(124)

Flac
Claseification:
{1113}

Induntrial and
Bunll Induntrial
(2932)

Souree Typo ENT
Inbound and 65,200
Outbound Traine
Switchara 154,100
{Hump, Industrial,

Haka-up)

Idling Locomotivena 7,000
Manter Retarder Group 27,000
Inert Rotarder Group 1,900
Befrigerator Care 8,906
car Impacta 4,200
Load Teats 5,900
Subtotal 274,200
Inbound and 126,700
Outbound Traina
Bwitchoras 564,000
Idling Locomotives 91,900
Hafrigacator Cars 93,000
Cat lopacts 27,400
Losd Taste 28,400
Bubtotal $42,200
Iebound and 22,300
Outbound Traine -
Switchars 682,000
Car Impacta 23,800
Subtotal 128, 100
TOTAL 1,944, 500
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2 ENI for
Ynrd Typs

23.4

66.2

2,8
9.8
0.7
3.2
1.5
_2.2
100

12.4

59.9
9.8
10.0
2.9

4ol

100

% of Total
ENI all Yards

3.5

48,5



O e o S
. i

mmar ey

4,6 Summary
A flow diagram for the model elements and ENI computing procedure is
shown in Figure 4-3. A computerized model for the rail yard noise impact
assessment, programmed according to the relationships detailed above, was
exercised using baseline noise level data and activity parameters to
obtain the total baseline ENI for all the railyards. Because the typical
configuration of the hump and flat classification yards is asymmetrical,
the near side and far side ENI values were camputed separately and added
to obtain the total baseline ENI.
The calculation procedure may he summarized as follows:
For yard noise impact, compute the ENI for each source for each yard
cetegory according to the following sequence:
¢ Select yard type, traffic rate, place site and source.
® Find Ly from yard/source matrix.
° Compute Lgp per D for each ! dB interval, using appropriate
N, K] and K» values relative to source and population density
range,
¢ Compute FI for each successive strip area using the Ly, average

relative to the strip boundarfes.

° (Compute strip area (A{) between successive D wvalues (in accordance

with the type of source). Continue out to boundary of noise
impact area.

® (Compute ENIy for each strip area using the appropriate population
density value for the place size,

® Sum the ENIj values to obtain the ENI for each density range for
the selected conditions, Multiply the ENI value by the number of

raflyards in the particular yard category selected,
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® Repeat the procedure and sum the EN] values for all the sources,
all the population density ranges, all the place size classes and
all the rallyards for the selected yard type and activity level,
° Repeat the procedure for each of the yard types and obtain the
grand total ENI for all sources, yard types, activity levels, etc.
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