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

Volume 2: User Manual

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

While it does not presume expertise with the EPA IBM computer
system, it does assume the user can follow the instructions
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presented in this volume to _the letter. This point cannot

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

is bug~-free, 1If an error occurs, the source most likely is

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

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

commands to make runs.

Volume 3: Programmer Manual

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

-~
The correct sequence of reading for a rank novice with
ne knowledge whatsoever of the EPA noise model methodology
is as follows:

1. EPA levels document -~ in which the terminology is
introduced.

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

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

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

References

[1] 1Information on levels of Environmental Noise Reguisite
: to Protect Public Health and Welfare with an Adequate
i Margin of Safety, 550/8~74-004, U.S. EPA, Washington, D.C.,
1 ! March 1974.

: |
i fﬁ\ (2] Background Document for Proposed Revision to Rail
! Carrier Noise Emissions Regulation, 550/9-78-207,
i U.S. EPA, Washington, D.C., February 1979,
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0.2 General Introducticnh to the Model

The Railyard Noise Exposure Model (RYNEM) is a computer
program designed ta quantify the health/welfare impact due
to rallyard-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). Moving sources
consist of switch engines (S5E) and inbound (IB) and outbound
{0B) trains. Each of these noise sources generates a noise
level which can be measured at the railyard boundary (property
line)., Together, they combine to produce a higher noise
level than each c¢an 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 methodoclogy. 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 vards for the
national impact, RYNEM deces the scaling in a slightly
different way. RYNEM considers that the LWP for the national
population of rallyards form a distribution with mean u and
variance 2. When random samples are taken from this ;
distribution and their mean, ;, computed, the Weak Law of :
Large Numbers implies that the sample mean approaches the
true mean of the population when the sample size is large,

™ i.e., the sample mean y is a good approximation of the true

p—
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Thus, the standard error of 2 is —— or approximately

mean y. If we scale up the sample mean LWP by the total
number of yards in the population, we will obtain a geood
approximation to the total LWP due to all the yards, when

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

"statistical™ model,

An estimate of the error involved in p can be obtained

as follows:

The true variance of the population, o2, can be
approximated by the sample variance:
n (xi- )2
b S

i=1 n-1

where xi are the individual IWP's
n is the sample size,

iid )
Let xi » flu,02) i=1, « . «, N

Then for
Xit ., . . tXn
Z"
n
B(2) =y
-
var(xi) ol
var(2} = = ——

=
/n 7

SN
Therefore, the error of the total LWP is approximately 7=
: n

where N is the total number of railvards in the population.

-6-
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1.0 INTRODUCTION

RYNEM, the Railyard Noise Exposure Model, is a computer
program that calculates the health and welfare impact due ko
noise from rallyvards, the costs associated with noise
abatement through construction of barrier walls, and the
resulting health and welfare benefits. This manual is
designed to be an in-depth discussion of the nuts and bolts
of the program code. It presupposes general knowledge of
the EPA noise medels and a good command of FORTRAN.

The code was written in standard IBM FORTRAN IV (Gl
version) for the EPA NCC IBM 370/168, The socurce code, load
module and data base are stored in the NCC WYLBUR system.
Por more information about how to run the model, see volume
2, "RYNEM User Manual."

This manual is divided into the following sections:

® General outline of the model -
a description of the model is presented from a
programmer's point of view.

¢ Discussion of the computation procedures -
the algorithms used in the program are explained.

e Flow charts, descriptions and listings of the code - :
Bach of the subprograms are explained in greater
detail than in the previous sectfon.

® Interpretation of a sample output -
a sample run is examined in detail,

# Dictionary of pertinent variables,

For a listing of the source file, the contents of the data
base, and run time and storage requirement, the reader is
referred to veolume 2.

PRI
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2.0 GENERAL OUTLINE OF THE MODEL

Given a population of railyards in the United States,

we would like to find the total noise impact. One way to

I tackle this problem is to consider the "average" yard,
compute the noise impact and cost for this yard, and
extrapolate these figures to the total population. This is
the approach adopted by most of the EPA noise models, and it

- works so long as the distributions are reasonably smooth and
the "average" parameters are chosen correctly. An alterna—
tive approach is to take a random sample from the total
population, and estimate the means of various parameters of
the total population by calculating the means of the respec~

! tive parameters in the sample. If the underlying distribu-

tions are reasonably smooth, then by the law of large

i numbers, we can reasonably expect that for a sufficiently

] large N
Y
, Ny is close to w .
; n
!
" where u is the true parameter
|
' % is the estimate obtained from the sample
; N is the total population size
!
n is the sample size -
' This is the philosophy adopted in RYNEM. A sample of
! railyards is selected at random. Each yard in the sample is
: examined individually. Prom data furnished by the Environ-
! mental Photographic Interpretation Center {EPIC), a model of
f the yard is constructed. Using the parameters of this yard,
the noise impact and abatement costs are computed. The
respective means of these quantities (over all yards in the
. sample) is used to estimate the respective means of the

N’
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total population: and the total impact is just the sample
mean multiplied by the number of yards in the total popula—

tion,

The geometry of a sample yard as seen by the model is
shown in Figure 1,

A number of approximations have been made in order to
make the model tractable. In a real yard situation, several
moving sources on different tracks may impact one receiving
property area. The procedure for calculating the noise
impact of such a case is complex, In the model, the tracks
of each area are combined into one track at an equivalent
distance from the property line, Furthermore, the moving
source is approximated by an infinite line source; this is a
close approximateion when the length of the track is longer
than the distance from the track to the property line, The
noise contours produced by these moving sources in the model
are parallel to the property line {Figure 3).

In a real yard situation, several fixed sources may
impact one receiving property area and be at differing
distances from the property line. In the model, these fixed
sources are placed at an equivalent distance from the
property line. For ease of computation,‘the fixed sources
regard the receiving property area as a segment of a circle;
this is a close approximation when the length of the area is
longer than the distance from the fixed source to the
property line, This approximating technigque works for fixed
sources because the noise produced by fixed sources attenu-
ates much faster than the noise produced by moving sources,
The noise contours produced by the fixed sources enclose
sections of annuli (Figure 4).




Fixed sources impacting one receiving area may not .
impact an adjacent area. They can impact an area on the
' other side of the tracks, however. Moving sources, whose
v noise contours are parallel to the tracks, will impact
‘ adjacent areas only if they are moving along the length of
¢ those adjacent areas.

The wall length, as constructed by the model, is the
- same as the length of the equivalent track (and the length
of the area). Edge effects of the wall are assumed to be
I negligible, Since the receiving areas are often adjacent
and the walls are joined together, assuming no edge effects
in many cases seems reasonable.

When the moving sources and fixed sources are combined
with the ambient the resulting noise contours are very
complicated. From some preliminary calculations, it was

L decided that the Level Weighted Population (LWP) from the
composite noise sources can be approximated by the sum of

! the LWP of the moving socurces and the LWP of the fixed

sources computed separately. The population exposed is

taken to be the maximum of the population exposed due to the

moving sources and that due to the fixed sources (to prevent

' double counting).

-~

When noise attenuating barriers are erected, the
attenuation for each source is different because of the
differing source heights and source frequencies. So the
attenuation of each source is computed separately. Then
attenuated Ldn of each socurce is computed at the property
line. Finally, the composite noise level is computed,
i Because of the prohibitively large number of calculations
; that would be reguired, it was decided to compute the

barrier attenuation at the property line only, and it is
N assumed that the barrier attenuation beyend the property
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~ line is the same as at the property line, so that the

attenuation beyond the property line is computed the same

way as before inserting the barrier.

S0, the procedure of the model is reduced to-

10,
11.
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Pick a random yard

Divide the residential region into separate
rectangular areas

Pick a receiving property area
Find out which sources impact that area

Determine the equivalent distances for the moving
and fixed sources

Compute Population Exposed (PE) LWP

‘Build a wall that meets the regulated level

Compute PE, LWP, ALWP and the cost of the wall

Repeat steps 7 and 8 until the regulation levels
being examined are exhausted

Repeat steps 3 to 9 until all areas are exhausted

Repeat steps 1 to 10 until all the yards in the
sample are exhausted

=
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3.0 COMPUTATION PROCEDURES

The following consists of a series of notes on various
computation procedures in the cocde, The order of the notes
is roughly the same as the order of the flow of control in
the main preogram. They are designed to supplement the
descriptions given in the next section. 1In general, only
non-trivial, important points of interest which are not
treated in detail in Section 4 are presented here. Proce-
dures about input/output are generally obvious and hence are
not presented here,

3.1 Background Naise

The background noise is computed according to the 100
sites eguation

Lpg = 10 logig (p) + 22
where p is the population density in people/sq mile.

If Lpg > 54 dB, Lpg is set to 54 4B in Ldn computations.

-.

3.2 RyYDC (LEV, IT)

NYDC is the number of yards of type IT which are already
in compliance with regulation level LEV. If the number of
areas in the yard is zero, that means no area i{s impacted by
the noise, so the yard is in compliance with all regulation

levels.

~1l1l-




o~ 3.3 Ldn Levels

ALMS is the composite Ldn of all the moving sources at
property line

i ALFS is the composite Ldn of all the fixed sources at
: property line

ALALL is the composite Ldn of the moving and fixed sources
at property line

BLALL is the composite Ldn of all noise sources and the
- background noise at property line

3.4 1Impact

Noise impact is computed separately for moving sources
and fixed sources, For the baseline case, LEV100 is used to
compute the Ldn at 100 feet for each source impacting the
area, Then LEVBD is used to compute the Ldn of each

; ~ source at the property line., The moving sources are com-

bined with the ambient to give a composite line source and

| impact is computed by determining the distances to each of the

‘ 1-d8 bands in the standard way. This procedure continues

i until a level of 55 dB is reached or the limit of the area

i {i.e., WIDTH)} is reached. A similar thing is done with the
fixed sources. The LWP of the area is the sum of these two
LWP's, and the population exposed is the maximum of the two
PE's to prevent double counting. °

P s n i s o 1 o

IMPACT computes PE and LWP in the following 1-dB bands:
Lp to Lp'
Lp' to Lg'-l

Lp*=~1 to Lg'-2

.

— Lg'=n to Ly

:
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where L is the Ldn at property line
Lo' is the largest integer smaller than Lg

L, is 55 dB or the composite level at the far edge of
area, whichever is larger,

n is the largest integer such that Lg'-n > Ly

For the LWP computation in the 1-dB band, the noise
level in the 1-dB band is approximated by the mean of the two
levels associated with the dB band., For the 3-dB band
computation, PE and LWP are just the sums of the PE and LWP
of the 1-dB bands which fall into the 3-dB band respectively.

The excess wall attenuation at the property line for
each source is computed separately. The noise levels are
then combined at the property line and propagated as befora.

3.5 Na(IL)

NA is the number of areas in the yard that can meet
regulation level IL by building a wall.

3.6 IC(IL)

-~

IC¢ is the number of areas that can meet regulation
lavel IL without building a wall, i.e., the number of areas
in the yard that are already in compliance with regulaticn
level IL. Note that IC & NA,

~]l3=~
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3.7 IWALL

IWALL is a dummy index in a do-loop. It represents the
height of the wall from 5 to 30 feet. Note that if the
requlation noise levels are too close together, a wall which
conmplies with level IL may also comply with level IL+l. But
the way the code was written, the program will not recognize
this fact, and it will blithely add one extra foot to the
wall and deduce that a l-foot-higher wall is required to
meet the regulation. So always examine the composite level
and compare it to the regulation level,

3.8 Residential Attenuation

The rule for excess residential attenuation is as
follows: Lf industrial attenuation (ATTIND) > 0, then
residential attentuation (ATTRES) is set to ATTRES/2; if
there is no wall blocking line of sight, the attenuation for
the group of sources (moving or fixed) is ATTRES; if the
wall does block line of sight, the attenuation for the group
of sources is ATTRES/2. A switch (IWSM, IWSF for moving and
fixed sources, respectively) is used to determine if the
wall is tall enough to block line of sight.

-14-
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N 4.0 FLOW CHARTS, DESCRIPTIONS AND LISTINGS OF THE CODE
The program consists of the following subprograms:

MAIN PROGRAM
FUNCTION SUM
FUNCTION DIFF
FUNCTION HEIGHT
. FUNCTION WATT

SUBROUTINE LEVELS

! SUBROUTINE LEV100

l SUBROUTINE LEVBD

| SUBROUTINE NEWTON
FUNCTION FFP
FUNCTION AREA :
SUBROUTINE IMPACT :
SUBROUTINE OUTPUT

The above order is the order of the subprograms in the
code. In the following, the descriptions of the subprograms
are placed in the same order.

-

-15~

s P AR o % Rl e e 2

e A e e T e R e Bt a4 S




ATz B 20

SLde ¢ ety 3e

ST g e

e e s A U

et 2 2 o i S g a SFe e TP Pt s i

4.1 Main Program
ARGUMENTS: None

PURPOSE: Perform input/output and call on the subprograms
to do the calculations

The input data for the main program consist of the
estimated number of active railyards in the United States,
and the linear cost {$/ft) associated with noise barriers
{walls) at the railyard boundary. These constants are
listed in Tables 1 and 2. The main program flow chart is
shown in Figure 5, and the computer code is presented in
Table 3.

NUM

H
3

DATA:

44
51
29
476
346
130
838
1779

W ~) ;o WA

IT = Rallyard Type and Traffic Rate Category

NUM = Number of railyards of each type
{Estimated active yards in the United States)

Table )1, Table of values of NUM (IT), the total number of
yards of each type in the United States.

-16-
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(

IWALL WCOoST IWALL WCOST IwALL WCOST
{FT) ($/FT) {FT} {$/FT) (ET) $/FT)
5 27 14 '80.8 23 134.6
6 32 15 a8 24 140.8
7 37 16 93.6 25 147
8 42 17 99.2 26 153
9 47 18 104.8 27 159
10 52 19 110.4 28 165
11 59.2 20 116 29 171
12 66,4 21 122.2 30 177
13 73.6 22 128.4
Table 2. Values of WCOST (IWALL). The cost

(5/1inear £t} of building a wall of height

IWALL.
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Table 3. RYHMEM MAIN Frogram
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FROGRAM! RHBONT

DATE! 10/21/80

FUNCTIDN? H/W COMPUTATION IN 1 DE BANDS, OUTFUT IN 3 I'BE BANDS:
EARRIER ATTENTION AND COST. FROJECTION TOQ TOTAL FOPULATION.

COMMON STATEMENTS

COMMON/B1/DB» DNMOV ) ONFIX,ATTIND)ALENGsWIDTH IWALL
COMMON/R2/ATTH(10) sATTF (103 p SHION(Z»10)sSMEQ(Z7r10) SHMAX(7110) ¢
2 SFDN(7)10)sSFEQ(7r210) rSFHAX(7+10) » NHOVINFIX
COMMON/B3/SLDN:SER»SHAXENPENIHLsH2 ¢ HI U1 U2»U3
COMMON/B4/PEsENI+BLALLALNS» ALFS,ALRG»FOFU
COMMON/BS/LREG(?)rISM{L10)»ISF(10) »ALEV(Z) ' FEACZ)ENIALT )
2 DENTAC(Z)sCOSTA(Z) P IW(T) :
COMMON/EB/PEDB(L1O) »ENIDB(10) »DBR(L0)

DIMENSION STATEMENTS

LDIMENSIONFEYD(?) sENIYD(7)DENIYD(Z)»COSTYLI(?)
DIMENSIONFEYT(Z,8) ENIYT(Z:8) DRENIYT(7+8)COSTYT(7+8)
DIMENSIONYDTYFE(A4»B8) o NAMEYDC10) s THMMINCIO0) p IHFMINC1O0) # NYLI(B)
HIMENSIONWCOST(30) rNUM(B) 1 NAMEA(Z)Y »NA(Z) rIC(7)rNYDC(7+8)
DIMENSIONHPE(?) s HENI(?) s HOENI(7) +HCOST(7) + NYIICH(?)
DIMENSIONPEYDB(10) pENIYOR(10) PETIR(L0,8) ' ENITOH(L10,B)

2 RDEBB(Z2,10)

)

DATA STATEMENTS

DATAPETIDE,ENITDE/160%0./
DATANFEYNENI/“PE’» 'ENI‘/
DATANUM/44,51429+4759346:130:8381177%/
DATAPEYTENIYT»DENIYT»COSTYT/224%0,./ -
DATANYD'NYDC/64%0/
DATAWCOST/4%0.92749 324037010424+ ¢474r5321953%.2968.4973 .8
2 80.8+88.993.4,99:42,104,8:110445118.,132,2,128.4,134.49140.8,
3 147015302159, 90 1854917200872/

READ NECESSARY DATA

READ(S» 1) (CYRTYFECT+IT)»I=124)21T=1+8)
FORMAT(4A4)

READ(S+39)(DBEB{IYrI=1,10)
FORMAT(10F3.0)

READCS» 40 C(RDBRCU2I) v d=1192) 2 I=1+100
FORMAT(2A4)

READ(S»1ILREG(1) LREG(?)

READ(S,30) (LREG(LEV)ILEU=28)
FORMAT(IIZ)

WRITE(&+33) (LREG(LEV)LEV=2,4)
FGRHAT(*IREGULATED LEVELS ARE“+S5I5) 19
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READLS30)IF
LOOF FOR EACH YARD
1000 CONTINUE

ZERD SUM ARRAYS FOR YARD

onon

DO10OLLEV=1,+27
FEYDC(LEV)=0,
ENIYD(LEV)=0,
LENIYD({LEV)=O,
COSTYD(LEV)=0,
NA(LEV)=0
SC(LEWY=0

1001 CONTINUE

D040011I=1,10

‘ PEYDR(I}=0,
! 4001 CONTINUE
' READ(S»2»END=999%) (NAMEYDR(I)»I=1,10)+ITyFOF:+FU)NAREAS
FORMAT(10A4,I5,2F10.,0+15)
FOPU=FOP/PU _
ALBG=10,%ALUGLO(FOF)+22,
IFCIFWGTLIURITE(O»3Y (NAMEYDC(I) » I=10 100y (YDTYPE(IsIT)rI=114)

tJ

: 3 FORMAT{’17910A4r1Xr4A4)
' . IFCIFPWGT W LNRITE(S»4)FAOF +FULFOFU»ALEG» NAREAS
4 FORMAT( 0’ »Té» ‘FOP DEN"+T15) USAGE’»T26» 'EFF FOF‘»T35s"BRKGD'»T43,

7Y m 4 AREAS'//FL2.10F7.213%XrF10.1sFéts3Xs164)
IF (NAREAS.NE.0)B0T02111

! DO2112LEV=2,4

: NYDC(LEVSIT)=NYDC(LEV, IT) 41

: 2112 CONTINUE

P 60TD2000

111 CONTINUE

SET BACKGROUND NDISE LEVEL
IF(ALBG.GT.54.,)ALEG=54,

LODOP FOR EACH AREA
BOL1010IAREA=]1 +NAREAS
E ZERD SUM ARRAYS FOR AREA

N01011LEV=1)7
PEACLEV)=0,
ENIA(LEV)=0.
NENTACLEV) =0,
COSTA(LEV)=0,
TU(LEV)=0
1011 CONTINUE
ALKE=0,
) ALFS=0,
: REAL(S+5) (NAMEACT) 111,23 ALENGs WIDTH/ DB, ATTIND » ATTRES » DNMOY)
2 DNFIX,NMOYPNFIX -
5 FORMATCAL1A4r3F10,0+2F5.092F10.00215)
~20~
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1021
1020

(Do

oGO

) 1
I )

SOOI -

IF(IPLEQ+3IWRITE(S 1 7Y (NAHEA(L)»I=1+2) s ALENG+WIDTHs B, ATTIND,
2 ATTRES+ONMOV s DNFIXsNMOVINFIX R

FORMAT{ 0 ¢TSS+ *AREA’ »T11 s "LENGTH  # T12» *WINTH s T27s ‘DE"»
2 TITo DI s T379BR 9T419 “INH  »T47s ‘ONF“ 2TS49 "NMS’ » TSP ‘NFS‘/
3 ‘07 rTS+ALIA4»3F7.092F4.092F6,0,213)

IF(NMOV.EQ.D)B0T01020

LOOF FOR HOVING SOURCES

poloziInQv=1,NHOV

READ(Z»&)ISM(IMOV) 1EDEN
FORMAT(IS8F7.0)

COMPUTE NOISE LEVEL AT 100FT & AT FROFERTY LINE FOR EACH MOVING SOURCE
CALLLEV100(TSN(INOV),IT)
CALLLEVED(ISM(IHOV))
SMDN(1,IMOV)=SLEN
SMEQ(1,IMOV)=SER

SMMAX (15 IMOV) =5MAX
ALMS=SUM(ALMS » SLDN)

THMMIN CIMOV) =HEIGHT (ISHCIMOV) ) +.5
ATTH(IMOV)=0.

CONTINUE

CONTINUE :
IF(NFIX.EQ,0)GOTO1022 i

LOOF FOR FIXED SOURCES

DOLOIIIFIX=1»NFIX
REAL(S»&)ISFCIFIXIPEDPENYHLYH2)H3 UL U2, U3

COMPUTE NQISE LEVEL AT 100FT & AT FROFERTY LINE FOR EACH FIXED SOURCE

CALLLEVIOOCISF(IFIX)»IT)
CALLLEVED(ISF(IFIX))

SFDN(1, IFIX)=SLDN

SFEQ(1+IFIX)=SEQ

SFHAX(1»IFIX)=SMAX

ALFS=SUMIALFS»SLIN) -
IHFMINCIFIX)sSHEIGHTYCISFCIFIXI+.S
ATTF(IFIX)=0.

CONTINUE

CONTIMUE

SUM ALL NOISE LEVELS

ALALL=SUH(ALMS  ALFS)
BLALL=SUN({ALALL»ALRE)
ALEV(1)=RBLALL

PUT IN EXCESS RESIDENTIAL ATTENUATION
IFf THERE IS AN INTERVENING INDUSTRIAL AREAr RESIDENTIAL
ATTENUATION IS HALVED )

IFCATTIND.GT.0.)ATTRES=ATTRES/2,
ALHS=ALHS-ATTRES

ALFE=ALFS-ATTRES
-21-~
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COMPUTE HNOISE H/W IMFACT

CALLIMFACT

FEA(1)=FE

ENIA(1)=ENI

DD4002I=1:10
PEYDE(I)=FEYDEB(IJ+FPEDR(I) -
ENIYDECI)=ENIYDBCI)+ENIDB(I)
FETDR(I»IT)=PETDB(IITI+PEDR(I)
ENITOBCI»IT)=ENITDE(I»IT)+ENIDR(T)
CONTINUE

IF(IP.NE.3)GOTO4003

WRITE(S,41)

FORMAT( O DR RANDS FOR RASELINE’)
WRITECS»42) ((ROEBCI I v d=192)2121010)
FORMAT(/0/»T1110(2A42X)7)
WRITE(6r43INFE» (FPEDE{I)I=1,10)
FORMAT(1XrA4,1Xs10(1FEL10.,2))
WRITEL{Ss43INENI P (ENIDR(I)»I=1+10)
CALLOUTFUT(L)

CONTINUE

Nal1)=NA(1)+1

IF¢(BLALL.GT.55.)G0T02020

DD2021IL=2r 4

NA{IL)=NACIL)+1

ICCILY=ICCIL)+1

CONTINUE
GOTO01039Q
CONTINUE

’

LOOP FOR THE FIVE REGULATION LEVELS

IN1031LEV=2,4
IF(BLALL.GT.FLOAT{LREG{(LEV)))G0TD1032
NACLEVI=NACLEY)+1
ICC(LEV)=IC(LEV)+1
CONTINUE

IWALL=0

GOT0105Q

CONTINUE
IF(LEV.EQ.2)G0T01033
LEVI=LEV-2
0010341=2+,LEV1
FEA{I)=PEA(L)
ENIA(I)=ENIA(L)
CONTINUE

CONTINUE

BUILD WALL FROM SFT TO 30FT

DO1040IWALL=5,30
ALMS=0,

ALF&20,

TusH=0

IUsF=0
IF(NMOV.EQ.0)GOTO1041
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COMFUTE BARRIER ATTENUATION FOR EACH MOVING SOURCE INDIVIDUALLY

'

no10421H0V=1,NM0V

ATTHIINOV)=0,

IF(IHMMINCINOV) JLE.IWALLIATTH(INOV)=UWATT(ISH{IMNOV))
IF(IHMMIN(INOV) LE,IWALL)IWSHM=1

SLON=SMONC(I» IMDV)-ATTH{IHOV)

ALMS=SUM(ALMSs SLON)

CONTINUE

CONTINUE

IF(NFIX.EQR,0)GOTD1043

COMPUTE BARRIER ATTENUATION FOR EACH FIXED SOURCE INDIVIDUALLY

DO1044IFIX=1NFIX

ATTFCIFIX)=0.

IF(IHFHINCIFIXY JLECIWALLIATTFCIFIX)=WATTC(ISF(IFIX))?
IF(IHFMINCIFIX).LE.IWALL}IWSF=1
SLON=SFON(LIFIX)-ATTFC(IFIX)

ALFS=SUM(ALFS,SLDN)

CONTINUE -

CONTINUE

ALALL=SUM{ALKS+ALFS)

BLALL=SUM(ALALL 1ALEG)

IF THE WALL BHLOCKS LINE OF SIGHT: USE ONLY HALF THE EXCESS

RESIDENTIAL ATTENUATION

ALMS=ALMS~ATTRES/2.
ALFS=ALFS-ATTRES/2,
IF(IWSH.ER.0)ALMS=ALMS-ATTRES/2,
IF(IWSF.E0.0)ALFS=ALFS~ATTRES/ 2.,
IF(RLALLGT.FLOAT(LREG(LEV)))GOT0O1040
CALLINPACT

ALEV(LEV) =RLALL

PEA(LEV)=PE

ENIACLEY)=2ENI

DENIACLEV)I=ENIACL)~ENI
COSTA(LEV)=ALENGXUCOST ¢ TWALL )
IW(LEV)=TUALL -
CALLLEVELS(LEW)

NA(LEV)aNACLEY) +1
IF(IP.EQ.3)CALLOUTPUT(LEV)

LEVSLEV+1 ‘
IF(LEV.BT.4)60701050

CONTINUE

CONTINUE

HAXIMUN WALL LEVEL

CALLIMPACT
ALEV(Z)=BLALL
FEA(7)=2FE
ENIA(?7)=ENI
DENIA(7)=ENIA(1)-ENI
IWALL=MINOCINALL »30)
NAC(7)=SNA(Z)+1

COSTA(7)=0,
-2
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IW(7r=IWALL
IF(IWALLNE.OJCOSTA(?)=ALENG®WCOST(IWALL)
CALLLEVELS(?)
IFCIFCEQ3ICALLOUTRUT(?)
IF(LEV.GT,4)6G0TO2011

[02010IL=LEVs&

BLALL=FLOAT(LREG(IL))
ALMS=DIFF(BLALLsALBG})-3,01-ATTRES/2,
ALFS=ALMS

CALLIMFACT

FEA(IL)=FE

ENIACIL)=ENI

DENIACILI=ENIA(1)-ENI
COSTACIL)=COSTA(7)

LONTINUE

CONTINUE

SUM OVER AREAS

HO10S1LEV=1,7
PEYR(LEVI=PEYD(LEV)+FEA(LEV)
ENIYDC(LEV)I=ENIYD(LEVY+ENIACLEY)
DENIYD(LEV)=DENIYI(LEV)+DENIA(LEV?
COSTYR(LEV)=COSTYD(LEV)+COSTA(LEV)
COMTINUE

CONTINUE

CONTINUE

SUM OVER YARDS FOR EACH YARD TYPE

D010S2LEV=21,7

FEYT(LEW»ITI=PEYT(LEV IT)HPEYI(LEY)
ENIYTCLEVsIT)SENIYT(LEV,ITI+ENIYD(LEW)
DENIYT(LEVIT)=DENIYT(LEV,IT)+DENIYD(LEY)
COSTYT(LEV»IT)=COSTYT(LEVrIT)+COSTYD(LEY}
CONTINUE

LO108ILEV=2,4

J=IC(LEV)/NAREAS

NYDCC(LEV ITISNYDC(LEVIT)+J .
CONTINUE -
IF(IFL.EQ.1)GOTO2000

FRINT TOTALS FOR YARD

WRITE(S»34)

FORMAT(/CTOTALS FOR YARD")

WRITE{&r41)

WRITE(Sr42) (IRDEB(A I rJ=1+2),I21,10)

WRITE(S& 43 INPEY {PEYLBC(I) »I=1,10)

WRITE(S,43INENT» (ENIYDE(I)2I=1:10)

WRITE(S+11)

FORMAT( 707 s 'LEVEL " 14X» *PE7 18Xy “ENI s &Xs "DENI‘ ¢+ &X+ 'COST
2 6Xr'NAWBX»'IC' /)
WRITECOH»1ZILREGC LY PEYD(1)JENIYDCL)»DENIYD(L) »COSTYRIC(L)
2 NA(1)

FORMAT(IXrA414(1PEL10.2) 160

LOLOP2LEV=2+4

J=IC(LEV)/NAREﬁS 24—
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WRITE(&y13)LREG(LEV) »FEYDCLEV) rENIYR(LEV) s DENIYDC(LEV} »COSTYD(LEV),

2 NACLEV) »J

FORMAT(1XrI4r4(1FPEL10.2)2(I4+4X))

CONTINUE
WRITECAr12)LREG(Z) rFEYDC(Z) »ENIYR(? ) »DENIYL(?7)sCOSTYD(Z) s NALD)
CONTINUE

NYDCITI=NYDC(IT)+1

GO TO NEXT YARD

GOTO1000
CONTINUE

GRAND TOTALS AND FROJECTIONS

WRITE(4)20)

FORMAT(*1GRAND TOTAL FOR ALL YARDS’/‘0‘yT28, 'SAMFLE’:T70
2 ‘PROJECTED’/70‘ »10Xs2( 4 Y/ 24Xy 'FE’,8Xs "ENI‘ 16X *DENI* 16X
3 ‘COST’#3X)93%, 74 ICY) .

L010911T=1,8

WRITE(&)23) (YDTYPE(I IT) s1=1,4)

FORMAT( 0’ 14A4/)

FACTOR=0,

IF(NYDCIT) WNE,0) FACTOR=FLOAT (NUMCIT) I /NYDCIT)

DOL1082LEV=1s7

APE=FACTORKFEYT(LEV,IT)

AENI=FACTORKENIYT (LEV,IT)

ALENI=FACTORXDENIYT(LEVsIT)

ACOST=FACTORXCOSTYT(LEV,IT)

IF(LEV,ER.1.0R,LEV,EQ.7)WRITE(&22)LREG(LEV) )NYDCIT) +FEYT(LEV,IT))
2 ENIYTC(LEV»IT)»DENIYTC(LEV,IT) COSTYT(LEV,IT) 'NUMCIT) AFE,
3 AENI'ARENINACOST

FORMAT(4X+A4:16,4C1PEL10.2) 9 I16+4(1FEL0,2))

IF(LEV.NE. 1, ANI. LEV.NE, 7 )WRITE(CS+23)LREG(LEY) fNYDCIT)»

2 FEYT(LEVsIT)sENIYT(LEVsIT) vDENIYTCLEV)IT) »COSTYTC(LEVSIT)
3 NUM{IT)+APE+AENI ADENI»ACOST»NYDC(LEY,IT)

FORMAT(6Xr12r16»4¢1PEL10.2)9146¢4(1FPEL10,2)116)

CONTINUE

CONTINUE

NYH=0 -

NUMK=0 ,

D03000LEV=1,7 :

NYDCH(LEV)=0

HPE(LEV) =0,

HENI(LEV)=0.

HOENI(LEV) =0,

HCOST(LEV) =0,

CONTINUE

DO3001ITa1,3

NYH=NYH+NYD(IT)

NUMHSNUMH+NUMCIT)

DO3O0ILEV=1,7
NYDCH(LEV) sNYOCH (LEVY +NYDCCLEVSIT)

HFE(LEV) =HPE(LEV) +PEYT(LEVSIT)

HENI (LEV)=HENI(LEV)+ENIYT(LEV,IT)
HDENI(LEV) =HDENT (LEV)+DENIYTCLEV,IT)

HCOSTC(LEV)=HCOST (LEV)+COSTYT(LEV,IT)

CORTINUE
-25=
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WRITEC(L150)

FORMAT(*OHUMF YARDS--ALL VOLUMES‘/)
FACTOR=0,
IF(NYH.NE,Q)FACTOR=FLOAT(NUMH) /NYH
LO3Z002LEV=1,7

AFE=FACTORXHFPE(LEV)

AENT=FACTORXHENI(LEV}
ADENI=FACTORXHDENI(LEV)
ACOST=FACTORXHCOST(LEV}
IF(LEV.EQ.1.ORLEV . ER.ZIWRITECSs22)LREG(LEV) yNYHHPE(LEV) »
2 HENI(LEV) »HDENICLEV)Y+HCOSTC(LEV)Y 2+ NUMH»AFES
3 AENI»ADENIsACOST

IF(LEV.NE, L ANDJLEV.NE.7)URITE (49 23) LREG(LEV) »NYH?»
2 HPE(LEV)YsHENI(LEV) sHDENICLEV) +HCOST(LEV)»
3 NUMH»AFEs AENT r ARENI + ACOST e NYDCH(LEV?
CONTINUE

NYF=0

NUMF=0

DOZ100LEV=1,7

NYDCHC(LEV)I=0

HFE(LEV)=0.

HENI(LEV)>=0.

HODENIC(LEV)=0,

HCOST(LEY)=0,

CONTINUE

LO3101IT=4,4

NYF=NYFENYDCIT)

NUMF=NUHF+NUNMCIT)

I03101LEV=1+7
NYRCH(LEVY)}=NYDCH(LEV)+NYDC(LEV,IT)
HPE(LEV)=HPE(LEVY+PEYTI(LEV,IT)
HENI(LEV)=HENI(LEV)HENIYT(LEV+IT)
HOENIC(LEV)=HRENICLEV)+0ENIYT(LEV,IT)
HCOST(LEV)=HCOST(LEVI+COSTYT(LEV,IT?
CONTINUE

WRITE(&s51)

FORMAT('OFLAT YARDS--ALL VOLUMES‘/)
FACTOR=0Q.

IF(NYF.NE.O)FACTOR=FLOAT (NUNXF)}/NYF
L03102LEV=1,+7 -
AFE=2FACTORKHPE (LEV)

AENI=FACTOR®HENI(LEV)
ADENI=FACTORRHDENI(LEV)
ACOST=sFACTORKHCOST(LEY)
IF(LEV.EQ.1.0R.LEV.EQ+7)WRITE{S»22ILREG(LEV) s NYF/HFE(LEW) »
2 HENI(LEV) sHDENICLEV)  HCOSTC(LEY) +NUMFIAFE,
3 AENIJADENI)ACOST

IF(LEV NE. 1 ANDZLEV NEJZIWRITE (&, 23)LREGC(LEV) s NYF
2 HRE(LEV) »HENI(LEV) »HDENIC(LEV) » HCOST(LEV)»
3 NUMFrAPE»AENIrADENIrACOSTNYDCH(LEV?
CONTINUE

WRITE(G6r4l1)

WRITE(S»a42) ((RDBE(J»I)ed=1,2)91I=1»10)
0040041T=1,8

WRITE(S 21I(YLTYPE(I»IT) 1 I=204)
WRITE(&r44)

FORMAT(’ SANMPLE’)

WRITEC(ArAZYHFE» (FETDBC(IIT) v I=1,10) 6
~26-
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WRITE(&r43INENT» (ENITDBCIIT) 211410
FACTOR=20.

IFCHNYDCIT) JNELOIFACTOR=FLOAT (NUHCIT)IZNYDO(IT)
004605I=1,10
PEDB(I}=PETDR{I,»IT)XKFACTOR
ENIDR{I)=ENITOR(I,IT)¥FACTOR
CONTINUE

WRITE(6+45)

FORMAT(’ FROJECTED’)
WRITE(&r43INPE» (FEDE(I)»1=1,10)
WRITE(&+43INENI (ENIDR(IsI=1,10)
CONTINUE

D0A00&I=1,10

FEDR{I}=0,

ENIDR(I)N=0.

CONTINUE

D04007IT=1+3

PO4007I=1,10
PEDE(I)=PEDR(I)+FETORC(I»IT)
ENIDB(I)=ENIDERC(I)+ENITOBCIIT)
CONTINUE

WRITE(6+50)

WRITE(és44)

WRITE(S+43INPEs (PEDRCI)»I=1910)
WRITE(C&r4ZI)NENT s (ENIDR(I)sI=1+10)
FACTQR=0,
IF(NYH.NE.0)FACTOR=FLOAT (NUKH) /NYH
HO4008I=21,10
PEDR(I)=PEDR(IY*FACTOR
ENIDE(I)=ENIDBCI}¥FACTOR

CONTINUE

WRITE(&+45)

WRITEC(Ar43)NPEs (PEDR(I)»I21410)
WRITE(Ar43)NENT s (ENIDB(I)sI=1+10)
[040051%2+10

PEDR(II=O.

ENIDER(1)=0,

CONT INUE

N04010IT=4,4

PO4010I=1,10 -
PEDR(I)=PEDR(I}+FETORCISIT)
ENIDB(I)=ENIDRCI)+ENITOB{I,IT)
CONT INUE

WRITE(&r51)

WRITE{&+44)

WRITE(&+43)NPE» (FEDB(I) I=1+10)
WRITE(&s43)NENT s CENIDB(L) 1 I=1,10)
FACTOR=0.,
IF(NYF.NE,O)FACTOR=FLOAT (NUNF) /NYF
ND4011I=1,10
PEDB(I}sPEDE(I)RFACTOR
ENIDR(I)=ENIDBC¢I)XFACTOR

CONTINUE

WRITE(&s45)

WRITECAr43INPE,) (PEDR(T)sI51,10)
WRITE(&r43)NENI p (ENIDRCI) »I=1,10)
STOP

END
-27-
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™ 4.2 Function SUM (ALl, AL2)
ARGUMENTS: ALl noise level 1
AL2 noise level 2
PURPOSE: To compute the composite noise level of ALl and
AL2,

The flow chart for this function is shown in Figure &,
and the computer code is given in Table 4,
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SUM = 10 AL1/10 4 1g AL2/10

k.

SUM = 10 log{SUM)

il

Figure 6. Function 5UM Flow Chart
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ADD 2 NOISE LEVELS LOGARITHMIICALLY

FUNCTIONSUM(ALL»AL2)

SUM=10.%%x{ALL1/L0,)+10. X% (AL2/10,4) .
~ SUM=10,xALOGIO(SUM)

RETURN

END
1

i
1
O Table 4. Function SUM Computer Code
-30=

e A O e e i S S RS el e e W AT S L e B g




Y e e e e

e T T i T i A S AL . S e MR AL LA M e ke ¥ TRk e

4.3 Function DIFF (ALl, AL2)

ARGUMENTS: ALl noise level 1
AL2 noise level 2
PURPOSE: To compute the noise level, which when combinad

with ALZ2, gives the noise level ALl,

The flow chart for this function is shown in Figure 7,
and the computer code is listed in Table 5.
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l Dift = 19 ALV _ 19 AL2/10 I

-

l Diff = 10 logyq(DIFF) 7

Pigure 7. Function DIFF Flow Chart
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SUBRTRACT 2ND NOISE LEVEL FROM JST NOISE LEVEL

FUNCTIONDIFF(ALL»AL2)
DIFF=10.X%(ALL/10.)-10.%%(AL2/10,)
DIFF=10.%ALOBGIO(DIFF}

RETURN

END

D B

Table S. Function DIFF Computer Code
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4.4 PFunction HEIGHT (IS)
ARGUMENTS: 18 noise source

PURPOSE: To compute the minimum wall height necessary
to block line of sight from property line to
the noise source to determine whether there is
any diffraction effect from the wall, If the
distance from the property line to the wall is
less than 50 £t, it is set to 50 ft.

DESCRIPTION: With the notation in Figure 11, using similar
" triangles, we obtain the relation

HEIGHT -~ 5 HS - 5

DR DN
or
DB
HEIGHT = (HS=5)} ~ + 5
DN

Diffraction effects are considered to be negligible when the
wall height is less than the minimum wall height {HEIGHT).
The property line, for the purposes of diffraction computa-
tion, is assumed to be at least 50 ft from the wall (i.e.,
it cannot be located right behind the wall).

DATA: The input data required consist of heights for each
source type. These constants are listed in Table 6.

The geometrical relationships are shown in figure §,
the subroutine flow chart is shown in Figure 9, and the
computer code is listed in Table 7,
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RECEIVER HEIGHT 5 FT

15 HS(IS) is BS{Is5) 15 (HS(IS)
1 10 6 10 11 8
2 10 7 10 1z 8
3 10 8 3 13 10
4 10 9 1 14 8
5 10 10 1 15 15

Table 6. Values of HS(IS) for Each Source (IS5}
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Figure g, GeometIry of wall, source and receiver
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Thisisa Thisisa
Maving Source Fixed Source

’ d
S}:

Yes

‘ r ON = ON — D8 + 50 ]

v

Py | DB = 50 ]
! R
§ .

| €

1 DB HS —B}+5
HEIGHT DN;H }
\ -
F

Pigure 9. Function HEIGHT Flow Chart
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— FUNCTTONHEIGHT{IS)
: COHMON/RL /0By INMOVI DNFIX ATTIND)ALENGMIDTH INALL
DIMENSTOANHS(135)
DﬁTAHS/?th. v 3, '2*1'!.*60 110.28,915.7
DEU=DE
IF(1S,LE, 7)DINU=TINMOY
IF(ISHT,.7)DNU=DNFIX

: IF LISTANCE OF WALL TO PROFPERTY LINE < SO0FTs SET TN

IF(DB.LT .50, )DNU=DNU-IE150,
IF{DB.LT+50.)0RU=50,
HEIGHT-hBU/HNU*(HS(Iq)~J.)+4.
RETURN

ENI

QO

Table 7. Function HEIGHT Computer Code
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4.5 Function WATT (IS)

ARGUMENTS:

PURPOSE:

DESCRIPTION:

where

where

Is noise source

To compute the excess nolse attenuation
for noise source IS from the wall,

The excess noise attenuation due to the
erection of a barrier is computed using
Maekawa's equation. With the notation in
Figure 14, if DB <50 ft, DB is set to S0
ft.

§ = A+B~C, the path length difference.
The wall attenuation is given by

Y2aN
WATT = 5+10 lo
910 tanh /2N

1 = wave length of noise source

c 1117 “

T e A e

£ £

7]
[]

speed of sound in air

f = frequency of noise source = FREQ(IS)

DATA: The input data consist of the predominant sound
fregquency for each type of noise source, as listed in

Table 8.

Lreg il UL DI
oot g RO e o A 14 08 A it

=39~

e e 2 s RS e Y P e e e T S i e
(PRSP E R AP s -




L The geometrical relationships are shown in Figure 10,
The calculation flow chart is given in Figure 11, and the

corresponding computer code is listed in Table 9.

, IS | FREQ(IS) | IS |FREQ(IS) | IS | FREQ(IS)
1 550 6 550 11 550
2 550 7 550 12 550
| 3 550 8 | 1250 13 125
: 4 550 9 2500 14 1250
5 550 10 | 2s00 15 550
i
1
Y
u
i
1
i
y
i
Table 8. Values of FREQ({IS) for Each Source Type
|"‘\
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Figure 10,

Gaometry for barrier attepuation calculations
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ENTER
Yes
: Thisisa This is a
; Moving Source Fixed Source

Yes :

1 : .f
4 i oN DN-DR+50 | !
o d
[ 2
P DB = 50 i
'! '
; CE‘_ No .
| ‘ |
i
.} L § =A+B-C l
! !
| -
' N 2-&- ;
[ < -

WATT=5+10) (—-—-m._....‘/ cila
. = a .
i %10 Tanh 27T ;
1 -
! RETURN
!
§
l O Figure 11, Function WATP Flow Chart
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COMFUTE RARRIER ATTENUATION FOR EACH 'SOURCE

FUNCTIONWATT(IS)
COMMON/RL1/ZDEy DNMOV o INFIX ATTINIDALENG ) WIDTHs IWALL
DIMENSTONHS(1S)FREG(1S) ‘

DhTAHS/?*lO. l3¢l?*1ol2*aq t10| lﬁ-llﬁt/
DATAFREQ/7%550. 91250, 9 2%2500, »2%55049125. 21250, 9550,/
DEU=DNk

IFCIS.LE.7)DNU=DINMOV

IFCIS6iT.7)DNU=DINFIX

IF DISTANCE OF WALL TO PROPERTY LINE « SOFTs BET T0 SOFT

IF(DBLLT S0, ) INUSINU-TIB+50.,
IFCDB.LT.50.)0BU=S0,

A=SORT{ (IWALL~HS(IS) )%X2+(DNU-DRU) XX2)
BaSOART((IWALL-S. Yxx2+IBUIXx*2)
CaSOQRT((HB(IS) -5, ) kXx2+DNUXX])
DEL.TA=A+B~C
IF(RELTALLE.O.)UATT=S,
IF(RELTA.LE.O.)JRETURN

FREN=2 ., 2DELTAXFREQCIS) /1117,
Q=S0RT{2.23.141592654%FREN)
WATT=5,+10.XALOGL1O(Q/TANH(O))
RETURN

END

Table 9. Function WATT Computer Code
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A 4,6 Subroutine LEVELS (LEV)

' ARGUMENTS : LEV level
' {i.e., 1 = baseline
‘ 2-6 = regulation levels 1-5 respectively
' 7 = maximum height wall level)
| PURPOSE: To compute Ldp, Leqr Lmax for each noise
- source at the property line after excess

barrier attenuation has been subtracted.

The flow chart for this calculation subroutine is shown
; in Figure 12, and the computer code is listed in Table 10.
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N MOV = Q?

Yes

No

P

L dn{! MOV) = Lyn {1 MOV) = A {1 MOV)
Lag (| MOV) = Loq (I MOV} =~ 4 (1 MOV)
Lmax{l MOV} = Loy (| MOV} = A{I MOV)

<

7 ImMoveIMOv+ |

Yes | MOV NMOV?
No
A
k|
Yes
.No

Lani ! FIX)= Lgnt1 FIX) = Al FIX)

Lag{l FIX) = Lag {1 FIX) ~ 2 t1 FIX)
Lenax (1 FIX} = Lyax {8 FIX) = 401 FIX)

T .

[ irix=1FIX+ |

Y
= I FIX< NFIX?

Figure 12. Subroutine LEVELS Flow Chart
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COMFUTE LON)¢ LEQ, LHAX AT FROFERTY LINE WITH WALL ATTENUATION

SURROUTINELEVELS(LEV}

COMMON/B2/ATTH (10 P ATTFCI0) s SHON(Z7 9103 s SHERC7410) s SHHAX(Z71 10}
2 SFDNC7210) s SFEQ (72100 SFHAX(Z710) s NMOVINFIX
IF(NHOV.EQ,0)GOTO1001

001002 IMOV=1,NMHOV

SHONC(LEV INOV)=SHUNC(L INOV) -ATTH{IMDV)
SHEQ(LEV,IHOV)=SHEQC(L, IHOVI-ATTH( IMOV)
SHMAXCLEV IMOV)=SHMAX (1 INOVI-ATTH(INOV)
CONTINUE

CONTINUE

IF(NFIX.EQ:+Q)RETURN

DOLOCIIFIX=1 NFIX

SFONC(LEV»IFIX)=SFINC(L» IFIX)-ATTF(IFIX)
SFEQ(LEV, IFIX)=SFEQ{L» IFIX)=ATTF(IFIX)
SFMAXCLEV IFIX)=SFMAX(L IFTX)-ATTF(IFIX)
CONTINUE

RETURN

END

Table 10, Subroutine LEVELS Computer Code
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e 4,7 Subroutine LEV1OO0 (1S5,1T)

ARGUMENTS :
' PURPOSE:
DESCRIPTION:
where
I/-\
For noise
where
N
p—

e e s DR S Y R S APy LU, ¥
T AR e ATt vy bidh Vi AR s d N T i S et

Is noigse source
T vard type

To compute Lgn, Lag/ Lmay Of noise source at
100 ft.

Using the general noise source eguation for
noise sources 1-12, at 100 ft

SEL - 49.4 + 10 log10 J

Ldn = N,
- Max (Nd'Nn) NpNsPeNl
Leq = SEL - 47.3 + 10 1og10 N,

L = L, + 10 logyq (N))

SEL = single event noise level

Ly = maximum level

Ng = number of daytime events

Ny = number of nighttime events
Np = number of passbys

Ng = number of events per source
P = event probability

N1 = number of scurces in group
Ny = number of virtual sources

sources 13-15 at 100 ft

Ly, = SEL - 13.8 + 10 logyy (H,U) + H U + H,U,]

Leq = S5EL + 10 10910 {max {Ul,Uz,Ua)]

Lmax = Lm + 10 1og10 {max (Ul’UZ'UB)]

H) ,H2,H3 = number of hours source operating first,
gsecond, third shifts respectively

01,02,03 = number of sources operating first,
second, third shifts respectively

-47-
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For flat classification vards, there are four locations for
car impacts (IS = B), instead of two as in the other yards,
So the noise level of each source is reduced by 3 dB. For
industrial and small industrial yards, inbound trains (I5 =
5} have only one locomotive instead of 3 as in the other

yards. So the noise level is scaled down by 4.771 dB.

DATA: fThe required input data is listed in Table 1l.

Is SEL Lm Np Ng Pe Np Ny
1 95 30 2 1 1 1 1
2 94 90 2 1 1 1 1
3 94 90 2 1 1 1 1
4 94 90 1 1 1 1 1
5 95 90 1. 1 1 3 1
6 95 90 1 1 1 3 1
7 95 90 1 1 1 1 1
8 95 99 1 1 0.5 1 2
9 108 111 1 2 0.5 1 1

10 90 93 1 1 0.85] 1 1

11 106.5 | 82 1 4 1 1 1

12 94.5| 83 1 2 1 1 1

13 66 66 1 1 1 1 1

14 67 73 1 1 1 1 1

15 75 78 1 1 1 1 1

Table 11. Values for SEL, Lpg, Np, Ng, Pe, N1, Ny.
for Each Scurce Type -

The flow chart for this subroutine is shown in Figure 13.
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~ Cavren

IS & 127 Ho
Yes
-
. Compute Ly, Lag, Lmax Compute Lyn, Leg. Lmax

+

1S = 8 and
ICITSE?

Lgn = ban=3
Leg™ L,q-ﬂ

Lmax ™ Lmax—3

Lo = Lgn = 4.771 :
Lag = Leg—4.771 :
Lmax ™ Lmax = 4.771

-
¢

Figure 1l3. Subroutine LEV100 Flow Chart
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1001

COMFUTE EASELINE LDNs LE@s LMAX FOR EACH SCQURCE AT 100FT

SUEROUTINELEVIOO(IS,IT)
COMMON/EI/SLINSEQsSHAX yEDSEN HL s H2yH3» UL 1 U2,U3
DIMENSIONS100(15) s SM{1S) e NF(L1T)sHES{IS)sEF(LIS) s NLIL1S)
2 NVUG1E)
DATAS100/95,93%P4.93%95.994,9108.19042106.5994.51 844
Q 6741734/

DATASH/7%70, 9990721114993+ 834+B24186.4y
2 731784/

DATANF/4%2211%1/

DATANES/B%1+2+1+452,3%1/

DATAER/7%1 r2% .55 4B 3%1./

DATANL/4%1s2%329%1/

DATANV/7%112247%1/

SLON=0,

SEQ=0.

SHAX=0,

IF(IS.GT.12)60T01001

IFCEDN.LE.QO. ANDLENJLE.OLIRETURN
SLON=5100(18)-49,4+10. XALOGI0C(ED+I0  KENYXKNF(IS)KNES(IS)X

2 EPCIS)YKNLIISI/NV(IS))

SE@=5100¢15)~47.34+10.XALOG10(AMAXI(EDNSEN)XNF(IS) XNES(IS)X

2 EFCISIANL{IS)/NVC(IS))

SMAXASM(IS)+10,%¥ALOGLIO(FLOATI(NL(LIE) )
IF(IT.GT6,0R,IT.LE,3.0OR.IS,NE.B)G0OTO1002
SLON=SLIN-3.01

SEQ=SER-3.01

SHAX=SMAX-3.,01

RETURN .
CONTINUE

IF(IS.NES,0R«ITWLE.&)RETURN
SLON=SLDN-4.771

SEG=SEQ~4.771

SMAXRSHMAX-4.771

RETURN

CONTINUE
IFCCHLWLEO.\OR UL LE«O. ) AND W (H2,LE.0,,.0R. U2, LE,0.) AND,

2 (H3WLE.0,,0R.U3L.LE+O)IRETURN

SLON=5100(I8)-12,84+10.%ALOGLIO(HLIXUL+HIXY2+HIXU3X10,)
UX=AMAXL(U1,UZ,U3)
SEQ=8100(IS)+10.xALOG1O(UX)}
SMAXaSM({IS)+10,%ALOGLOCUX)
RETURM .
END

-~

Table 12. Subroutine LEV1I0O Computer Code
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s 4.8 Subroutine LEVBD (IS)

ARGUMENTS:

PURPOSE:

DESCRIPTION:

. where

1s ncise source

To compute Lgp. Leq: Lmax at property

line, taking into éffect point or line source
attenuation, excess air and ground attenuation,

and excess attenuation due to intervening
industrial structures.

i _ o
A= AI + ug (DN-100) + 10 N 10910 100

4 = total attenuation

A1 = attenuation due to intervening indus-
trial area

ag = excess air and ground attenuation
DN = distance from source to property line
N = noise attenuation coefficient

l for moving sources
2 for fixed sources

- In the case of master retarders, if Lpax > 83 4B at property
line, Lpax is set to 83 dB at property line. Lgp and
Leg are adjusted to reflect that fact.

DATA: The required input data is listed in Table 13.

ALPHAG(IS) IS |ALPHAG(IS) IS | ALPHAG(1S)

0.001 6 0.002 11 ¢.o02
0.001 7 0.002 =~ 12 0.002
0.001 8. 0.005 13 0.0025
0.001 9 0.01 14 0.0035
0.002 10 0.01 15 0.002

P
-
!
i
j IS
i 1
2
' 3
; 4
5
Table 13.
i
i
H
rl
p—

Values of ALPHAG(IS) for Each Source Type

The flowchart for LEVBD is shown in Figure 14, and the
computer code 1s listed in Table 14.
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S R R A i Rt e

L= f) +ag (DN-100) +10n Iogm(%)

{

w

Lin ™ Lgp=2
Leg = Leg=L
Lmax ™ bmax—4

[ & etmas—83 |
-
Len = ban—8’

Leg = Lag—2'
Lmax = 83

RETURN

Figure 14, Subroutine LEVBD Flow Chart
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COMPUTE BASELINE LDKy» LEG: LMAX AT FROFERTY LINE FDR EACH SODURCE

IR

SUBROUTINELEVERN(IS)

— COMMON/BLI/DER, IHMOV s INFIX ATTIND s ALENG s WINTHr JWALL
COMMON/BI/SLDNy FEQ» SHAX)EUSENIHL P H2H3 UL U2, U3
DIMENSIONALPRABG(1E)

DhTAALF’HﬁB/‘\K-OOI l3*0°°2l +00092%,0192%.,002:,0025,
2 .,0035,.,002/ .

IF(SLDN,LE+O,)RETURN

IFCIS.LE,7)DN=DNHOV

IFC1IS.LE.7)NATT=1

IF(IS.GT.2)NN=DNFTX

! TF{IS.GT.7)NATT=2

' ATT=ATTINDLALFHAGCIS )X (DN=-100.)+1 0. ¥NATTXALOGLIO(DN/100)
SLDN=SLON-ATT
SEQ=BEQ-ATT
SHAX=SHAX-ATT
IF(IS.NE.?)RETURN
IF(SMAXJLE «83.)RETURN

IF WR > B3LE AT FROPERTY LINE, SET TO BIDE

: ATT=SHAX-83,
| SLON=SLDN-ATT
SEQ=SER-ATT

; SHAX=83.
RETLURN
END

."‘\.

|
; t
;T
i
|
I
[
! -
‘; I
1
;
i
E
§ Table 14. Subroutine LEVBD Computer Code

™
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l .
1

~53-

i
i
|
I o kb A M. ek o A 7 et T e

N i s A DL S bt




N 4.9 Subroutine NEWPON (D,NATT)

T ARGUMENTS:

Pl PURPOSE

DESCRIPTION:

=)

——

et i et e A Rt b A

;‘
|
;

R L A s T

ALY Sk e

D On input: initial distance to
start lteration
On output: distance from source
to the & noise contour

NATT Noise alternative coefficient
1l for moving sources
2 for fixed sources

To compute the distance from noise source to
the noise contours 4{d) by using Newton's
method of finding roots to algebraic equations
by iteration,

To find the root of F{(d} = 0 using Newton's
method, approximate d by

F(dg)
d=do - Fag

and iterate, Stop when d-dg < 1.

The flow chart for NEWTON is shown in Figure 15, and
' the computer code iz listed in Table 15.
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dy=dg - Fldal
F'idg)

|dy - dg|< 17

No

" Yes

Subroutine NEWTON Flow Chart

Figure 15.

Tudnbrr RN e LTS
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FIND ROOT OF ALGERRAIC EQRUATION USING NEWTON’S METHOD

: SURROUTINENENTON (P NATT)
~ DO=D
.01 CONTINUE
; D1=l0-FFFCDO/NATT)
! X=ABS(D1-00)

IF(X.6T+1.000=D1

. IF(X.GT+1.2G0TO1001
! h=n1 :

RETURN

END

L]
|
'
' N
!
|
(
;
! :
i |
1
i
! ]
‘ ‘
|
F :
! i
| H
' i
N
i :
- .
I i
i
1 |
i
i
i

Table 15. Subroutine NEWTON Computer Code
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— 4,10 Function FFP(D,NATT)

ARGUMENTS ¢

PURPQSE:

DESCRIPTION:

1 where

D Distance from source to noise
contour 4
NATT Noise attenuation coefficient

1 for moving sources
2 for fixed sources

F(d)
F'(d)

FEP(4) =

ig used in subroutine NEWTON.

Given attenuation &, we want to f£ind 4 such
that F(d) = 0. FFP computes the ratio

E(d)
F'(d)

to be used in NEWTON to compute d{a).

F(d) = 10n log,, (-g—N) + o {d-DN) - &

10n

* Tiog 10)a = °

F'(d)

nolse attenuation coefficlent

n =
= NATT
a = excess air and ground attenuation
DN = distance from noise source to property
line
A = total noise attenuation
d = distance from noise source to noise

contour &

DATA: The required input data are listed in Table 16.

I
{
pr-—

a
moving sources 0.002
fixed sources 0.005

Table 16. Values for a for Scurce Groups

The flow chart is shown in Figure 16, and the computer
code is listed in Table 17.
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Computer Fid, A)

!

Compute F' (d)

»w

F'idt
+

Figure 16. Function FEP Flew Chart
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NDISE ATTENUATION FUNCTION (0OF DISTANCE) FOR NEWTON

FUNCTIONFFF (D NATT)
COMMON/R&/DNIAFIATT

F=10.XNATTXRALOGIOCD/ AN+ AFX{D~DN)~ATT

FP=10.XNATT/ALOG(10. ) /D+AF
FFPafF/Fp

RETURN

END

Table 17.

bt R e S R S S e i Byt 2SI s

Function FFP Computer Code
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' 4,11 Function AREA (NATT)

ARGUMENTS: NATT noise attenuation coefficient
1 for moving sources
2 for fixed sources

PURPOSE: To compute the area between two noise
contours.

DESCRIPTION: For moving sources, the area of impact is
rectangular, See Pigure 24. For fixed
sources, the area is a section of an annulus.
See Figure 25

area BB'CC = (sector ARC — AABC)

Lo - {sector AB'C' - aAB'C')
o = d.%cos”t (B8 . py \/a? - DNZ
2 a, 2

--[d 200s” (BN - py Va2 - pu? ]
1 d,

piagrams of the impact areas are shown in Figures 17
: and 1B. The calculation flow chart is shown in Figure 19,
: ) and the computer code is listed in Table 18,
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Figure 17. Noise contours for moving sources
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Figure 18. Noise contours for fixed sources
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Figure 19,
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Function AREA Flow Chart
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AREA TINSIIE DB KAND

FUNCTIONAREA(NATT)

COMMON/ZBL /DBy INMOV s DNFIX ) ATTIND ALENG MINTH INALL
COMMON/BZ/D1:D2
SEG(D)=DX%2%ACOSCONFIX/N)=IINFIXKSORT (DX¥2-DNFIX%%x2)
GOTOD(10Q1,1002) NATT

CONTINUE

FOR MOVING SOURCESs AREA IS A RECTANGLE
AREA=(D2-D1)XALENG
RETURN
CONTINUE

FOR FIXED SOURCES: AREA 1S FART OF AN ANNULUS
AREA=SEG(D2)-SEG(N1)

RETURN
END

Table 18. Function AREA Computer Code
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4.12 Subroutine IMPACT

ARGUMENTS

PURPOSE:

DESCRIPTION:

ALGORITHM:

None.

To compute the noise impact (PE, LWP) in 1-dB
bands and 3—~dB bands from all the noise
spurces.

Compute the impact from moving and fixed
sources separately, using l-dB bands. Sum
these into 3 dB bands for the 3-dB band

output.

Total LWP = LWP {moving source) + L.
LWP (fixed source).

Total PE = Max [PE (moving sources),

PE (fixed sources)].

Given noise level at property line (Lg),

check for noise level at the end of residential
region {Ly). Ly is set to be the maximum of

Ly and 55, (S0, if Ly < 55, impact computation
stops at 55. If Ly, > 55, impact computation
stops at the boundary of the residential

area.)

Take the largest integer smaller than Lp (L}).
Compute d (Lg-L} using Newton's methed

PE = Population living inside the noise contours
Lp.L

Lg + L
twp = T
20

- 55 {PE}

Let Lg = L
L =L~

Continue until L < Ly (if L < Ly, set L = Ly).

The flow chart is shown in Figure 20, and the computer
code is liated in Table 19.
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COMPUTE H/W NUISE LHFACT

SURROUTINEIHFACT

COMMOUN/ZRBIZDR DNMOV P ONF IXs ATTINDPALENG UTIDTH JUALL
COMMON/BR2/ATTH (L0 P ATTF(L10) ) SHUN(? 1100 1 SHEG(7)10) s SHHAX(7510)

SFONC? 1101 )SFEQR(7210) 2 SFHAX(7:10) 1 HHOVLNFIX
COMMON/BA/FPEPENT)BLALL P ALME ) ALFSALRG FOPU

COMMON/RE/TIN AFSATT
COMHON/RZ/701, D2

COMMON/BB/PEDRCIO0) P ENIDRC(10) s DBR(10)
DIMENSIONPEDBHM (10)»FPEDRF(10)

DATAAGMAGF/.002,,005/
FE=0,

EN1=0.,

PEM=0.

ENIM=0.,

PEF=0.

ENIF=0.

No1020I=1410
FEDBM(I)=0.
PEDRF(I)=0,

PEDB(I)=0.

ENILB(I)=0,

CONTINUE
IF(BLALL.LE.SS.)RETURN
IF(NMOV,.EGQ.0)GOTO1001

COMFUTE IMFACT DUE 10 MOVING SOURCES

AF=ARH

DN=DNHOV
ALO=GLUM(ALHS ALEG)
IF(ALOLLE.S5.)G0T01001

ALE=ALMG=10.XALOGIO{ (ONFHIDTHY /DINY-AF¥WIDTH

ALL=SUMCALE»ALBO)
ALL=AMAXL (S5 .. s ALL)
D1=DN

O2a)1

AL1=ALO

Li=aLl
AL2=FLOAT(L1)
IF{AL2,EQ,ALL3IGOTOLO02
CONTINUE
AL=(AL1+AL2) 72,
01021 1=1,10
J=11-1

IF(ALGTRE(JIIGOTOLO2D

CONTINUE

CONTINUE

ATTaALHS~DIFF (AL2sALEB)
CALLNEWTON(D2,1)
Z=pREACLIXPOPU/S280, X%2
FPEDBMCJ)=FEDRM(J) +2
FEW=FEM+2
Z=7R¢AL-585,)/20.
ENIDB(L)=ENIGR(S)+2Z
ENIMSENIN+Z

CONTINUE

ALL1=AL2
IF(ALLLEQ.ALLIGOTO1001
AL2=ALYL-1.

b1=n2
IF(AL2.LTALLYAL2=ALL
GGoTo1003

Table 19. Subroutine IMPACT Computer
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IF(NFIX, EQ.0)GOTO1010

COMPUTE IMFACT DUE TO FIXED SOURCES

| o IOYPI

DN=IINFIX
AF =AGF
™ ALO=SUMCALFS ) ALEG)
IFCALO.LE,55.)G0T01010
ALE=ALFS-20, ALDG10¢ CON+WILTHY 71N ) ~AF KWINTH
ALL=SUN(ALErALRG)
ALL=AMAX1(SS, rALL)
D1=0N
naspi
AL1=ALO
Li=AL1
AL2aFLOAT(LL)
IF(AL2.EQ.ALL1IGOTO1004
| 1005 CONTINUE
ALm(ALL+AL2) /2.
Do10231=1,10
Jeit-T
! IF(AL.GT,DERC) )GOTO1024
1023 CONTINUE
1024 CONTINUE
ATT=ALFS-DIFF (AL2/ALEG)
CALLNENTON(D2,2)
Z=AREA(2)KFDFU/ 5280, £X2
PEDEF (.J) 2PEDBF(.J) 42
PEFaPEF+2
Z=2¥(AL-55.)/20,
ENIDB(J)=ENIDECJ) 42
r ENIF=ENTF+2Z
. "Th04 CONTINUE .
e AL1zAL2
\ 1F(ALY.EQ,ALL)GOTO1010
' ALZ=ALL~1,
Ri=D2
IF(AL2.LT.ALL)AL29ALL
GOTO1005
010 CONTINUE

PE=AMAX]L (PEM FEF)

ENI=ENIM+ENIF

D010251=1,10

PEOBL{I)=AHAXL(PEDRM(T I PETIRF(I))
1025 CONTINUE

RETURN

END

- -

1
c

- LWF IS5 SUM OF LWP OF FIXED AND HOVING SOURCES
- PE IS MAXIMUM OF PE OF FUXED AND MOVING SOURCES
c

-
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4.13 Subroutine QUTPUT (LEV)
ARGUMENTS & LEV level
(i.e., 1 = baseline
2-6 = regulation levels 1~5 respectively
7 = maximum height wall level)
PURPOSE:; To print out a table of ncise levels (i.e.,
Lin: Leqs Lmax of each noise source at
the property line, and PE, LWP, ALWP, cost of
wall, and wall height for lewvel LEV
DATA: The input data required is listed in Table 20.
IS ABBREVIATION DESCRIBPTION
1 HS Hump switcher
2 MS Makeup switcher
3 Is Industrial switcher
4 Ccs Classification switcher
5 IB Inbound train
6 oBl Outbound train
(road haul)
7 oB2 Outbound train (local)
8 ct Car impact
9 MR Master retarder
10 IR Inert retarder
-~
11 cr Crane truck
12 GT Goat truck
13 IL Idling locomotive
14 RC Refrigerator car
15 LT Load test
Table 20. Noilse source code

The flow chart is shown in Figure 21, and the computer

code is listed in Table

advliviead B CGAS A i a0 s il 4 ol S 20 L e

21,

-9~

bt el e £ A e S




Fa
: - \ Wrna Tltle

@

- Wme Ldm Leg. max
For Each SDuﬂ:e
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N Write Ly, Leg: b mx

o for Each Sourca

| ?A

f T

!' R
Writa Level, PE, LWP

! ALWP, Cost, Wall Height

t

i -

( RETURN ) -

Figurs 21. Subroutine OUTBUT Flow Chart
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OUTFUT SUBROUTINE FOR EACH NOISE LEVEL

SUEROUTINEOUTFUT(LEV)
~~ COMMON/B2/ATTH(L0Y sATTFC10) 2 SHDN(74:10) »SHER(7+10) s SHMAX(7+10)
2 SFDN(7:+10)SFEQC(7110) »SFHAX(7210) ' NMOVNFLIX
COMMON/BS/LREG(7) »TSH(10)sISFCI10)rALEV (7 )+ FEAC(7)1ENTA(?) s
' 2 DENIA(?)sCOSTA(Z) +IW(7)
DIMENSIDNSDURCE(15)
| DATASOURCE/'HS s *H8 » IS/ ¢p'CS* s 1R+ "OR1/ ORI+ CI» ‘HR 2 71K’
‘ 2 BT BT s IL s 'RC LT/
> IFCLEV I ER.1.0RLEVLEQ, 7)NRITE(SsS)ILREGILEVY)
-] FORMAT(’0’144)
IFCLEV.BT 3 ANDVLEV, LT+ 7)URITE(&»&8)LREGC(LEV)
FORMAT(07114)
WRITE(Ar1)
- FORMAT(/0* T8y /SOURCE s 2% 'LION’ y3Xs *LER’ 23X ‘LHAX' /)
IF{(NMOV.EG.0)GOTO1001
DO1002IMOVaL NMOY
WRITECA»2)SOURCECISMCTHOV) ) s SMIONC(LEV s IHOV) s SKEG(LEV» IHOV) )
2 SMMAX(LEV,IMOVY)
. FORMAT(T10,44:3F6.1)
' 1002 CONTINUE
001 CONTINUE
i IF(NFIX.EQ.0)G0TD1003
DO100AIFIX=1 )NFIX
WRITECSr2ISOURCECISF(IFIX)) s SFDN(LEYyIFIX) s SFEQ(LEVSIFTIX)
2 SFMAX(LEV.IFIX)
1004 CONTINUE
1003 CONTINUE
— WRITE(&+3)
e FORMAT( 0/ sT18)’LEVEL  r4X s FE’ sB8Xs " ENI’ +&Xs *NIENI 1 &X» ‘COST 7
2 AXr'HALLY Y
WRITE(Hs4YALEV(LEV ) sFPEACLEV) sENTA{LEV) »DENIACLEV) yCOSTA(LEV) s
2 IWL(LEV)
4 FORMAT(TRIFS.Lr4C1PEL10.42)16)
RETURN
i END

1t

J

Table 21. Subroutine OUTPUT Computer Code

“?1-

g Ll vy 1TE T e N T e iy s e Sk e e e R CONUPRRSEORES
e R e o s e et s Ty el it S i o £ ol e o A bl LT e




e e b LS e TR 1 b

Lo <

St e e L




)

i
A B we bt i L L

i R T TN e S 1 s i

5.0 INTERPRETATION OF SAMPLE QUTPUT

The control terms and constants which direct the
calculation procedures for the sample rallyards are listed
in Table 22. The variable input data for an example rail-~
yard is shown in Table 23. The resulting data output for
the example yard is listed in Table 24. The grand totals of
the output data for all the sample railyards and the pro-
jected totals for all the active (estimated) railyards in
the United States are listed in Table 25. For more explana-
tion on what is contained in the input and the interpreta-~
tion of the output, see "RYNEM User Manual."

For Airline, Milwaukee, Wisconsin, a type 1 yard (low volume
hump), the population density is 10,152 with a usage of 0.43.
S0 the effective population density is 10,152/0.43 = 23,609,
The background nolse level is, according to the 100 sites

equation,
10 logip(10,152) + 22 = 62.1 dB

Notice that 62,1 » 54, so Lpg is set to 54, The yard has
five areas: Rl, Cl/R, C2/R, R2, R3. For Rl, we have;

length of track = 1,300 ft
width of area = 8,000 ft

be = 100 ft

excess industrial attenuation 0

excess residential attenuation = 8 dB

250 £t

DNM
NMS = 3
NMF = 0
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1. LOW VOL HUMP

2. MEDIUM VOL HUHF
It HIGH VOL HUNF

N LOW VOL FLAT

9. MEDIUM vOL FLAT

b, HIGH VOL FLAT

7 INDUSTRIAL

8. SMALL INDUSTRIAL

9. 55,58.61.:464.,47.,70,73,746,7%.,82,

10, g65-58

11, SB-6&1

L2, 61-44
i 13, L4467

14, 47-720

13, 70-73

16, . 73~74

17, 7679

1B8. 7%-82
P19, >82
© 20, BL MW

21. 75 70 45 60 &5
P23, 3
N

-

Table 22, Control Terms and Constants
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23.
24,
2.
-
h?.

- 28,

29,
30,
31,
32,
33,
34,
35,
34,
37.

38.

P 37,

40,
a1,
42,
43,
44,

- 45,

AIRLIMEy» HMILWAUKEES
R1 1500, BOQO.
119, 7
55.2 2.4
65,2 2.4
Cl/R 1000, BOQO.,
S0.+2 a4
45,2 2.4
9644, 247,
C2/R 1000, 8000.
5.2 2.4
45.2 2+4
8666, 2867,
R2 1000, 8000.
55.2 2+4
45.2 2.4
8444, 247,
10170, 70.
R3 2000, 8000,
28, 3
311, 4.
55.2 2.4
71,3 -3
Table 23.
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100,

0.

0.

0.

0.

Impact Data for Sample Railyard

0,

0.

0.

0.

a.

B.

110152,
250,

100.

100.

1006,

100,

A o AR T o s A et b =5

43

250,

250,

0,

N




Table 24, Output Data for Sample Railyard
REBULAJED LEVELS AR 75 70 45 40 85 .
ATRLTHEY HILWAUKEE, W1 LON VOL Bune
FOP WEN  UBADE EFF PP DKGD | AREAS
o1see 0,48 2340%.3 471 5
AREA  LEROFH  MIBUE 0 b1 br bNN bk HHE  NI'R '
K1 1500, nooo. log, 0, B, 250, O, 30
PR BARDG POk RAREL THE '
5550 sn-61 Ale6a 44-67 &7-70 70-73 73-74 74-79 79-02 >N2
re 1,44E403  2.40E102 0, 0.0 0.9 0.0 0.0 0.0 0.0 0.0
FHl 2, 083E101 5.30€E101  G.0 0.0 o 0.0 0.0 0.0 0.0 0.0
.
SUDKLCE  LBW LEN LHAX
ng 44,0 59.4 05,9
o 40,7 5.4 9.5
{31l &0 7 SN A 0 93,5
LEVEL 13 ENI HENT cost wALL
&7.1 1.21E108  1.42E402 0.0 0.0 0
485
SNURGE  LOH LED LNAX i
na 59.0 54,4 0.9
th 55,7 50.4 D05
B0l 55,7 80,4 N0.§
LEVEL e EH1 uERT cusi wALLL
42,5 L AKEN03 7.93EHA1 1.DEHOL S.OTEI04 7
60 .
BUUKLE  LON  LEQ LHAX
na 5,7 Stel #7.b
I 3 TS | K
Nt %25 A7 e
ILEVEL ’E EMI (WTF cost pALL
G5%.9  J+4001T100 3. 3500F 9.0%E80¢ 1.40E10% 14
Hu

NP ¥ e

fi bR L e TR G Tk e BT I e
b T 'W#L'Lﬁ.—un|uu#¢‘r;u.;fﬁ-




BOURCE  LDH LER

.HAX
s 1.0 47,2 7?37
m A4 A%, M3
Tkl AN 43,2 1t
Lrvri " [N (TS cour
1.4 2L,0AE1D2 J.AMET0Q LeROEI0E  2a6E 100
AREN  LENOTH HIDT nn ur it DHY [ e
oi/n jo0h. €000, 0. D4 i, tod, 250
Dl BAHNG FIIR DASELINE
na-4an s0-41 &1-64 AM-67
PE S 5IENOD  1.25E102 3,17E-02 0.0 0.0
EH1 A.57C101  2,07€101  1.04E-08 0.0 0.0
.
SOURGE LOW  LEG  LHAX
I &5.0 59.6 978
N (1] &%.0 5%.4 %7.0
HE &% 40,9 D3.0
LEVEL  TE ERI " nENT CORT
70,2 7.7AEH0Z  7.3PEHOL 0.1 9.0
70 '
BOWRCE LN LER LHAX
I &%.0 %9.4 77,0
N1 a%5.0 5.8 7.0
Mt A0.8 GE.7 77
LEVEL PE (4.1 pEMRI CusyY
S.F TOPAEI0Z  AHREIOL  A.76L100  T.70L104
45
gOUREE  LON  LEQ  LhAX
In AD.0 Ba.4 92,0
Ol &G0 S4.4 2.0
i BH.G Na.e 5.7
LEVEL rE KNT neEMl [Hi}:1)

67-70

s

WAl L

30

Hii§  HFO

1

70-7% 71-74 74-79 79-02 202

0.0 0.0 0.0 0.0
Q.0 0.0 0.0 0.0 0.0

WALL

1}

HALL

H]

WALL




~ . ] -
44,7 H.AGEIOD A PARIOY  2.ASCI01 3, 705104
a0
BIMMICE LYW LER  LHAX
I 54,7 47.3 D7.4
OUE 54,7 49,3 07.4
HE  S1.7 47,0 49,0
LEvEL  PE ohy RENT COST
40,0 L IPEIOT  AOLIDG &, 20E(01  1.0REI0D
"
SHURCE  LUN  LEQ  LHAX
1D 5l.6 46,3 B4
DRL Sl 46,2 HA.4
HR 49,2 44,3 #6.4
LEVEL  PE £y GENT £osy
BILD A0AEI0L 9 ,4YE-01 7.8VE101  1,77C105
AREA LENGTH WINTH OB DL LR NN BNF NN
., FR 1000, uooo, 9, 0. 0. ‘100, 250, 2
3 0 BAHNS FUR DASELINE
! 56-50 50-41 61-64 §4-47 #7-70
PE 6.51E102 1,25E£102 1,47E-02 0.0 0,0
ENE A.830061 2.78E101  1.04E-02 0.0 0.0
. b
BUURGE LON  LER  LHAX
I &%.0 59.4 97,0
Ol A5.0 S9.4  #7.0
F1 &1 80,2 %0.3
LEVEL  PE Ent PENT caGT
69,9 7.78E102 7.9E101 0,0 0.0
&%
BOUREE  LWH  LER  LHAX
I A0 f4us 92,0

WALL.
]

WALt
30
8 HNFS
1
76-7%

70-24 73-74

.0

0.0 ]
0 [

0.0

WAlLL,




6L~

7N —
amd 40,0 H4.6  P2.H
() 59,0 H4.1 D42
| CVEL I'E ENI PENT oL wALL
A A& A4E 10D B 0200101 2.04EH0T 3. 70E104 ?
L1
finuRer - el i LHAX
n 4,4 Aam9 07,
it G1.3 A0L,9 B7.1
[} 52,4 A7, 77.4
LEVEL PE ENT DPEN) CNsY WALL
59,0 LHy7OEN0L S5.79EN00 AJFIENDL 1, 10E105 1?
Hi
AOURCE  LDH LER LHAX
Ih Stes 462 H4.4
npi Sivd 462 0.4
1 S0.0  A53.1 8.2
LEVEL PE ENT DEN] coaT WALL
G001 6,06E101 F.49E-01  6.99EL0) l.??klﬂﬁ 30
AREA  LENDITH  WIDTH 2 DI DBR DHH bnr HHS  HFS
2 1000, 0000, 0, 0. 0, 100, 250, 2 2
)
B BANDS FOR DARELIHE
a5-5i GN-41 &l=-44 44-47 47-70 70-73
re 8.51E402 1.QUEI0D2 J.47E-02 0.0 0.0 0.0
EHI A.464E401 2.95C101 1.04FE-02 0.0 0.0 0,0
B
SOMREE  LDH LEDQ LHAX
n 45,0 59.4 90,0
Nk a%,0 59,4 ¥2,0
] 45.1 A0.2 ¥0.3
I %90 540 03,5
1 EVEI PE ENl DENT Couv waLl
2063 7 TAREOT 2.97E101 0.0 0.0 0

73-74 76-2%
0.0 0.0 0.0
0,0 0,0 0.0

29-02

202

0.0
0.0

e e 0 e e
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SHIRCE  LON  LER  LHAX
1 45,0 59,4 97.0.
Ui 45,0 59.4 97.0
01 40,1 59,2 65.23
n fid,4 49,4 20,3
LEVE. rL ENI
7.0  7,740002 7,11 H08
4%
SMUIRGCE  LBN  LED  LHAX
i 5%.0 54,4 92,5
0Ny 57.0 54,4 92,5
ct 0.2 51,3 63,4
IR S1.4 Abid 75,1
LEVEL, I'E ENI
6.7 S21EIDT A7SELOL
40
GOURECE  LBN  LER  LHAX
th 4.0 AN BA.?
OB 54,0 40,8 D&.7
c1 50,1 47,3 77.3
R 45,3 40,3 69.0
1LEVEL PE ENT
7.0 L GAE10D 4, 93EI00
w
SUDRCE  LIN  LED  LHAX
in Bled 44,2 84,4
ML SLe6 46,3 D444
A 50.0 A5.4 75,2
1" 43,2 30,2 66,7
LEVEL I'E (31}]
SN2 8.0LEIOL  F.A9E-01L

DEM I
A, 7PEL 00

DENIT

2.01E101

BENT
1)

7, U7E 0]

DERT

2rATEION

coar

2.720R104

casy

4,2004104

cast
1. 14E10%

CHST

J.77E400

HALL

waLL.

wolLl

WALL

30

-
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- - P
ARCA LENGTH  WIDIH It I R DNH DHF HHG  HITG
33 2000, 0000, O, 00 By 100, 0, 4 1
NB HANBS FOR DABELIHE
ulhi-50 Ln-41 fl-é4 ha-87 42-20 70-73 73-74
¥ PANEITON A D2E0102 S,U7E01H 0,0 0,0 0.0 0.0
Hi N2ACI0Y AJDAEIOT 1,02E101 0.0 0.0 0.0 a.0
.
SORCE LI LEN LHAX
LB A4.4 5,7 90,0
15 84,7 40,1 0.0
1n &%.0 5H%.6 97.40
1] G4, AllLE 0.0
LEVE] ME I:'Nl MEMI CORT WAL L
A% 1.PHEH0Y 1 ATERO2 0,0 a.0 0
Al
SOURLE LN LED LHAX
11} G50.4  04.7 Q5.0
18 7.7 85.1 03,0
n 40,4 HA.4 9240
1321 49,2 43,04 BY.O
LEVEL PE EH1 RENI cosy WALL
A4,7 1 483E103  1L.ILEI02 3.ANEIDL 7, A0E304 7
6o
SOURCE  LIN LEQ LHAX
"s 2.7 A0 79.3
16 B4, 0 A47.4 79,4
i 54,3 40,9 H7.1
nna A9 di.1 79.3
LEVIL, PE ENt BENI cosT WALl
37,7 4.900102 2,07E400 1.,49E102  2,21E+03 i9
He
LER LKAX

BUURLE LDH

74-7%

LR
o0

79-02

0,0
L)

0.0
0.0




Do e
Hg 50,0 4.3 2hub
14 B3 4647 24,8
m gl.4 A2 Ha.4
QEz ADD 354 Fhid
LEvrs. PE £Ht HENT £08T wALL
L1 A 302 5.5HH000 l.hhﬁ!ﬂ! 1, 540105 30
LoTALfl FIIR YARN
p WANDS FiIR FhHELlHE
595 -6 061 A1-44 an-47 47-70 70-73
(R A HAEIOT  9.66EI02 5. 406101 040 8.0 0.0
EH1 Z.gaEban  D.NTEI0D {.aeciol 0.0 0.0 0.0
LEVEL FE £t HENY £nst ua 1w
pL GevEley B.RaEre2 0.0 8.0 5
be  m.9ILI0R S.P2cio? 0.0 1.0 5 1
Y0 5.97E103 B.12E402 9.55C100 5. 40EH04 5 o
4 S.o0Ciod  3.77E108 L aag102  2oAAENDD % 0
&0 1, 74E 103 7, 19E40) A, G0Ct02 &, P2E100 ) I
56 040 8. goaagig2  1.15EH0R o 0
A HW s.40EL102 l-?!EIDl %, 10102 1 ENET0S 5
-]
M
'
ROBHOKE RPANIKE (0] HigH Vi HuHe
ror BEH PEAGE Ere P prGI ¥ AREAS
4520.0 ALY 74070 Bh. & i1
ANEA  LENGIIL WINTH O RE pt nRYbun o we o HRE Hre
44 8 1000, 000, 00, O A, 1000, 90, 1 2
(it BANRS FOR DARELINE
u5-56 mn-h1 s1-64 4467 4i-70 70-73
Pr éu?ﬂEIOE 2-23EI01 A DDETOL [ 0.6 8.0
EHL 2. IDEERE N GZELN 1 74E10L 0.0 0.0 Bed
e
BOUREE LUK L LHAX
wi Ay 9.6 79
1L Y TR su,4 B4
1 Wa.9 62,7 amd
LEUEL °E Lnt HENT THAT DAL L
E— e e

73-74

0.0
0.

76=79

0.0
0.0

79-02

0.0
0.0

79~02

¢.0

»02

0.0
a.0

bl

it Aokt n e
b m“%’-.‘gl Rﬁvug
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Table 25, Total Data for Sample Yards and Projected Totals
for All Yards
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These numbers agree with the output within roundoff. The
composite Lgn, of all moving sources at property line is
66.9. The composite Lgp with background at property line
is 67.1,

Subtracting the excess residential attenuation of 8 dB,
one obtains the starting level at property line as 58.9
(without BG), and 60.1 (with BG). So it should start off in
the 58-61 dB band. At the far end of the 58-8l1 4B hand, the
level is, naturally enough, 58 dB., So we have a noise
source (without BG) attenuating from 58.9 to 55.8, i.e.,
4 = 3.1. 8o the distance is roughly doubled, i.e.,
R(58) = 500 ft. So

PE = [(250)(1,500)/(5280)%](23,609) . 300

This agrees with the more exact calculation in the output.
Using the number generated by the computer (268), we will
now compute LWP in the band. The average level in the band
is (60.1 + 5B8)/2 & 59. So

LWP = (268)[({59-55)/20] = 53.6

Again, this agrees with the more precise l1-dB band calcula-
tion in the preogram.

Next, we proceed to the 55-58 4B hand. 55 with BG is
equivalent to 51.1 without, so

s = 58,9 - 51,1 = 7,8

Therefore R(55) = (250) 107-8/10 _ 1 500 £t

~87-
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PE =« [{1,000)(1,500)/(5,280)2])(23,609) « 1,200
LWwp = [(56.5-55)/20](1,440) = 10.8

Again our rough PE calculation agrees with the more exact

computer solution. We overestimated LWP because most of the

area covered is closer to 55 than to 58 (remember the final
level is 51.1). When we use the mean 56.5 instead of the
1-dB bands in the program we should expect the result to be
somewhat larger.

We conclude that the Lgn and baseline computation
procedures are doing the right thing.

Proceeding to barrier calculations, notice that the
source height is 10 £t in each case, s¢ the minimum height
wall to block line of sight, h, is

h = [{10-5)/(250)]1(100) + 5
or h =7

With a 7-ft wall in place, the attenuation due to the wall
is 5 dB. So the Lgp of each source is reduced by 5 d8,
and the composite level is (66.,9-5) + BqJ which gives us
62.5 dB, as presented in the output. The cost of the wall
is (1,500)ICOST(7) = (1,500}(37) = 5.55 x 104, For a wall
of 16 ft, the attenuation is 8.2 dB for each case, so

that

Ldn(l) = 55,8

Ldn(5) = 52.5
Lan(6) = 52.5
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f‘\ The sources are IS = 1

5
6

HS with parameters 19,7

18
cal

5.2, 2.4
5.2, 2.4

Thus, at 100 ft, from the noise source eguation given in
LEV100, the noise levels are as shown in Table 26.

1s Lan Leq Lnax

| 1 £8.1 63.5 90.0
L 65.0 59,6 97.8
' 6 65.0 59.6 97.8

Table 26, Source Noise Levels at 100 Peet

LMY

E E At property line, from the eguation given in LEVBD,

¢ : attentuation for I8 =1 is 4.1

P 5 4,3

| l 6 4.3

b

| i At property line, the noise levels are as listed {n Table 27.

i -

Lo

Py

§ . 18 Lan Leq Lnax

(o 1 64.0 59.4 85.9

; 60,7 $5.3 893.5

f 6 60.7 55.3 93,5

‘;.

{ Table 27. Source Noise Levels at Receiving Property
‘“«‘ .
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The cost of the wall in this case is (1,500}(93.8) = 1.404 x
105, All the results agree with those of the output. 8o

we conclude that the barrier attenuation computations are
also correct.

Skipping to the final tables of grand totals, we see
that the righthand side results are indeed scaled up by the
factor of yard ratios of the lefthand side.
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6.0 DICTIONARY OF PERTINENT VARIABLES

In the following tables, a list of variables and their
meanings have been gathered in alphabetical order.

As a preliminary, a list of indices is provided in

Table 28,
INDEX RANGE DESCRIPTION
‘ IAREA 1-NAREAS | area number
i IFIX 1-NFIX fixed source number (area specifie)
: IL, LEV | 1-7 regulation level number
o IMOV 1-NMOV moving source number (area specifice)
| 1s 1-15 source number (constant)
f ;n\ IT 1-8 yard type number
L IWALL 5-30 wall height
Table 28, List of Indices
In general, I and J are dummy indices and have no fixed
i meaning.
i ~
: In general the suffix
by indicates yvard type
YD yard total
, A area total
- M moving source
F fixed source
o;: ] dB band
3
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and the prefix

PE
ENI
DENI
CosT

indicates

is usually
is usuvally

population exposed
LWP

ALWP

cost of wall

an index

the upper limit ¢f a range
of indices

In Table 29, we present only the F version (fixed
source} of the variables pertaining to noise sources

NAME
ALALL

ALBG

ALENG
ALEV(LEV)
ALFS
ATTF(IFIX)
ATTIND
ATTRES
BLALL

DB
DBB(I)
DNFIX
ED

EN
IC(LEV)

LA

.
ol A b e it

DESCRIPTIONR

composite noise level of all fixed and
moving sources

packground Lgp

length of area

BLALL at level LEV

composite noise level of fixed sources
barrier attenuation of source IFIX
excess Industrial attenuation

excess residential attenuation
composite level of all sourees and

background

distance from property line to barrier
lower limit of the 3-dB bands

distance from fixed source to property lines
number of daytime events

number of nighttime events

number of areas that meet level LEV without

barrier

Table 29.

N i . kb T e A S SR g 8 k2101 o Pk s
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Definiton of Terms
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NAME

IHFMIN(IFIX)
Ip

ISF(IFIX)
IW({LEV)

IWSF

LREG(LEV)
NA({LEV)

MAMEYD(I)
NAREAS

NFIX
NYD(IT)
NYDC{LEV,IT)

POP
POPU

PU
RDBB(J, 1)
SEQ

SFDN(LEV,IFIX)
SFEQ(LEV,IFIX)
SFMAX(LEV,IFIX)

SLDN

SM(IS)

SMAX

WCOST{ IWALL)
WIDTH
YDTYPE(I,IT)

E o ST A L 8 B b e T T e e

DESCRIPTION

height of minimum wall to block line of sight
output switch

source number of source IFIX

smallest IWALL which meets level LEV

switch that wall height is higher than the
minimum wall height of at least one source

regulation level

number of areas that meet level LEV with
barrier

name of yard

number of areas in yard

number of fixed sources

number of yards of type IT in dataset

number of vards of type IT in compliance with
level LEV without barrier

population density of yard vicinity
effective population density

residential usage of vard vicinity
description of the 3-dB bands —
Lgog of source at property line

Lan of source IFIX at level LEV

Leq of source IFIX at level LEV

Lmax ©f source IFIX at level LEV

Lan of source at property line

maximum passby level of source IS at 100 ft
Lmax of source at property line

cost of wall per linear foot at height IWALL
width of area

yard type description
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